PREFACE 


^Inorganic Chemistry for Competitions” has primarily, been written with the aim of meeting the needs and interests of 
students seeking admission to professional courses especially in engineering and medical. This is an age of tough competition where 
only the best survives. No doubt, the syllabus for various entrance tests is nearly the same as for intermediate or 10+2 examinations, 
yet even good students fail to qualify as the standard of these tests is comparatively high and seats in engineering and medical 
colleges are limited. 

The present trend in competitive examinations is the stress on an objective rather than subjective treatment of the subject 
matter. A critical scrutiny of the question papers of previous years of various entrance tests reveals that a variety of questions such as 
very short answer type, short answer type, fill in the blanks, tme and false, match the column, multiple choice, numerical type are 
usually asked. In order to answer these questions, the students must be well equipped with thorough knowledge of the subject and its 
application. With these objectives in mind, I have tried to present inorganic chemistry for competitions covering whole of the 
syllabus of nearly all the competitions. The complete subject matter has been arranged in a systematic manner. Every topic has been 
dealt precisely and to the point in a simple and understandable language. Things have been explained with proper reasoning 
wherever possible. A good number of illustrations and solved problems based on structure and properties including numerical 
problems have been provided to understand the theoretical aspect. Due emphasis has been given on group discussions of various 
groups of periodic table. Flow-sheet diagrams have been provided to simplify the extraction of various metals, preparation of a 
number of compounds and their properties. At the end of each chapter, a good number of questions of various types have been given 
for self-assessment. It is my belief that students will be duly rewarded if they attempt these questions honestly and sincerely after 
learning the particular topic .Necessary hints have been given wherever it is felt necessary. 

Human efforts are never perfect. In spite of my best efforts, I am aware of the possible errors and omissions that have escaped 
my notice. I shall, therefore, be extremely thankful to the learned teachers who will extend their cooperation by sending their 
valuable criticism, suggestions and observations for further improvement of the book, I consider it my duty to pay thanks to the 
authors and publishers of the books which I have consulted during the preparation of the manuscript. 

My sincere thanks are due to Shri Manoj Kumar Bathla, Proprietor, M/s GR. Bathla & Sons, Shri Shiv Charan Sohal (Artist) for 
the whole-hearted cooperation in the preparation and publication of this book, I am also thankfiil to Dr. A.K, Virmani and Dr. A.S. 
Singh for their encouragement, cooperation and guidance in the p-eparation of the manuscript of this book. Finally, I thank my wife 
and children for the help they have extended in proof-reading. 
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Classification of Elements 
and Periodicity in Properties 


1,11 INTRODUCTION 


Contents: 


Object and Need of Classification of Elements 


1.1 Introduction 

1.2 Earlier Attempts of Classification of 
Elements 

1.3 Mendeleev’s Periodic Law and Original 
Periodic Table 

1.4 Modem Periodic Law md Modified Form of 
Mendeleev’s Periodic Table 

1.5 Naming the Elements 

1.6 Electronic Configurations and the Periodic 
Table 

1.7 Extendi or Long Form of Periodic Table 
l.S Position of an Element on the Bg^is of 

Electronic Configuration 
1.9 Atomic Properfi^ or Periodic Properties of 
Elements 

1.10 The Screening Effect or Shielding Effect 

1.11 Effective Nuclear Charge 

1.12 Atomic Radius 

1.13 Ionic Radius 

1.14 Ionisation Enthalpy or Ionisation Potential 

1.15 Electron Gain Enthalpy or Electron Affinity 

1.16 Electronegativity 

1.17 Some other Properties in which Periodicity 
is Observed 


Elements are the basic constituents of all t 3 ^es of matter. The 
discoveiy of chemical elements has been an ongoing process since 
ancient times. Certain element, such as gold, appear in nature in 
elemental form and were thus discovered thousands of years ago. In 
contrast, some elements are radioactive and intrinsically unstable. The 
majority of the elements although stable are dispersed widely in nature 
and incorporated into numerous compounds. For centuries, therefore, 
scientists were unaware of their existence. At the beginning of the 
eighteenth century, only a few elements were known. Ouring eighteenth 
and early nineteenth century, advances in chembtry made it easier to 
isolate element from their compoimds. As a result, the number of known 
elements had more than doubled from 31 in 1800 to 63 by 1865. At 
present, 117 elements* are known. Out of these, recenfly discovered 
elements are not natural but S 5 mthetic, i.e., man-made and effbrte are still 
going on to synthesise new elements by artifiicial transmutation. 

As the number of known elements inerted, it became rather 
impossible to study individually the chemistry of these elements and 
their irmumerable compounds and scientists began to investigate the 
possibilities of classifying them in useful ways. The basic object and 
need of classification can be best stated in the words of Huxley, "The 
actual or ideal arrangement together of those which Me alike and 
separation of those which are unlike; the purpose of this arrangement 
being primarily to disclose the correlations, or laws of union, or 
properties, or circumstances and secondarily to facilitate the operation 


* Recently, elements with atomic numbers 113, 114, 115, 116 and 118 have been reported. 
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of the mind in clearly receiving and then retaining in the 
memory the characteristics of the objecte in question/' In 
short, it can be stated that the basic object of classification 
is to arrange the facts regarding elements and their 
compounds in such a way so that we may have greatest 
control over their characteristics with least possible effort. 
The best classification would be one which puts together 
those elements which resemble in most respects and 
separates other. 

Attempts were made to classify the elements according to 
one property or the other. The elements were classified into 
metals and nonmetals; into electropositive and electro¬ 
negative. They were classed according to their valency as 
monovalent, divalent, trivalent, etc. In these classifications, 
the same element frequently appeared in: more than one class 
and hence ail these early classifications were considered as 
rough classifications. After the establishment of Dalton's 
atomic theory, the chemists took atomic mass as the 
fundamental property of the element and tried to seek a 
relationship between the properties of the elements and 
their atomic masses. A number of classifications, taking 
atomic masses of the elements as the basis, were presented. 
The best formulation resulted in the form of periodic table 
in which elements have been arranged according to their 
properties in a tabular form. The elements belonging to 
same vertical column constitute a chemical family having 
similar properties. 

The arrangement of elements in order of increasing 
atomic masses, with elements having similar properties in 
vertical columns, is known as periodic table. The periodic 
classification (long or extended form of periodic table) of 
elenients has extremely simplified the study of such a large 
number of elements. 

EARUER ATTEMPTS OF CLASSIFICATTON 
OF ELEMENTS (Brief Historical Development 

of the Periodic Table) 

Some of the earlier classifications based on atomic masses 
of the elements are described below: 

1. Dobeminer’s Law of Triads 

Dobereiner between 1815 and 1829 gave his law of triads. 
According to which in certain triads (groups of three 
elements which possessed similar chemical properties) the 
atomic mass of the central element was merely the arithmefic 
mean of the atomic masses of the other two elements and the 
properties of the middle element were in between those of 
the end members. These families of three elements became 
known as DobereinePs Triads. But in some triads, all the 
three elements possessed nearly the same atomic masses, 
hence the law was rejected. 
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DOBEREINER'S TRIADS 



Triads 


Mean of atomic masses of 1st 



and 3rd elements 

Li 

7 

Na 

23 

K 

39 


Cl 

Br 

I 

^ 2 ^ = 81,25 

35.5 

80 

127 

Ca 

Sr 

Ba 

• v-. r40^+137 ^ ^ ^ 




> ,v ... - 88.5 

40 

. 88 

. 137 


S 

Se 

Te 

^^^=795 

32 

79 

127 

P 

As 

Sb 

= 75.5 

31 

75 

120 

Fe 

Co 

Ni 

Nearly same atomic masses 

Ru 

Rh 

Pd 

Nearly same atomic mass^ 

Os 

Ir 

Pt 

Nearly same atomic masses 


The main drawback of this classification was that the 
concept was not applicable to all the known elements but 
only to a limited number of elements. However, one point 
became clear that properties of the elements have some 
relationship with their atomic masses. 

2. De<Chancourtois Classification 

(The Telluric Helix) 

In 1862, A.E. de Chancourtois a French geologist, made 
the next attempt to classify the elements on the basis of their 
atomic masses. He took a vertical cylinder with 16 equidistant 
lines on the surface of the cylinder. The lines were parallel 
to the axis of the cylinder. A heUx at 45® to the axis was 
drawn and the elements in the increasing order of their 
atomic masses were arranged on the helix. He observed that 
elements whidi differed from each other in atomic mass 16 
or multiples of 16 fell in a vertical line from the centre of the 
spiral. The elements in a vertical line showed nearly the same 
properties. However, this classification was not accepted. 

3. Newland’s Ldw of Octaves 

The first attempt to classify all the known elemente was 
made by Newland in 1864. He presented the law of octaves. 
According to this law, the elements when arranged in 
order of dieir increasing atomic masses, the eighth 
Succeeding element was the repetition of the first one like 
8th note of the musical scale, ue., after a difference of seven, 
elements with similar characteristics were observed. The 
following are the three horizontal rows of the Newland's 
classification; 


Musical scale: 

^ :Sa. 

Re 

Ga 

Ma 

Pa 

Dha 

Ne 


1 . 

2 

3 

4 

5.- 

6 . 

7 

■ 1st 

H 

Li 

Be 

B 

C , 

N. 

O 

2nd 

F 

Na 

Mg 

A1 

. Si . 

P 

s 

3rd 

Cl 

K 

Ca 

Cr 

Ti 

Mn 

Fe 


The system worked quite well for the lighter elements. For 
example, H, F and Cl show similar properties and similarly 
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Li, Na and K exhibit same characteristics. The system, 
however, fails in the case of heavier elements as manganese 
has been placed along with nitrogen and phosphorus or 
iron has been placed along with oxygen and sulphur, i.c., 
dissimilar elements have been grouped which is against the 
aim of classification. This dearly shows that in the classi¬ 
fication, the properties of the elements were not taken into 
account arid only ttie elements were arranged in order of 
ascending atomic masses. No space was left for the elements 
which were unknown at that time and many elements were 
provided wrong positions on account of wrong values of 
atomic masses in this classification. Thus, Newland^'s classi¬ 
fication was not accepted as an appropriate arrangement. 
However, his work was recognised by Royal Chemical 
Society, London, and was awarded Davy Medal in 
1887. 


4. Lother Meyer’s Curve 


Lother Meyer in Germany and Mendeleev in Russia 
quite indepwdently evolved, in 1869, identical dassifications 
of elements. Both these dassifications emphasised the 
periodicity of the properties of the elements with their atomic 
masses. While Mendeleev's classification was based 
largely on considerations of chemical properties of the 
elements, that of Lother Meyer emphasi^d physical 
characteristics of the elements. lother Meyer presented the 
classification in the form of curve while Mendeleev in the 
form of a table. 

Lother Meyer calculated the atomic volumes of the known 
elements by applying formula. 


Atomic volume = 


Atomic mass 
Density 



Atomic mass, amu 
Fig. 1.1 Lother Meyer*s curve 


When he plotted these atomic volumes agairist con^- 
ponding atomic masses, a curve taking the form of s^^arp 
peaks and broad minima was obtained (Fig. 1.1), 

Lother Meyer pointed out that elements having similar 
properties occupy similar positions on the curve such as, 

(i) Alkali metals, having the largest atomic volume, 
occupy the maxima of the curve. 

(ii) The alkalme earth metab (Mg, Ca, Sr, Ba) occupy 
positions at about the mid-points on the descending portions 
of the curve. 

(iii) The halogens (F, Cl, Br, 1) occupy positions on the 
ascending portions of the curve. 

(iv) The transition elements occupy minima of the curve. 

On the basis of above observations Lother Meyer proposed 

that, the physical properties of the elements aro a periodic 
function of their atomic masses. 

[Later on when atomic numbers of the elements were 
plotted in place of atomic mass^, the general pattern of the 
curve remained the same.] 

It was an ideal classification but lacked in practical utility 
as it was not easy to keep in mind the various portions of 
the curve. 

1.3^^ MENDELEEV’S PERIODIC LAW 
AND ORIGINAL PERIODIC TABLE 

Mendeleev put forward the periodic law which forms the 
basis of modem classification of elements in the form of a 
table, known as the periodic table. The periodic law can be 
stated as, "If the elements are arranged in order of 
increasing atomic masses, their properties vary in definite 
manner from member to member of the series, but return 
more or less nearly to same value at certain fixed points in 
the series". In other words the properties of the elements 
are a periodic function of their atomic masses. This was an 
impressive version of law of octave. The main points of 
periodic law as stated by Mendeleev in his original paper 
are reproduced below: 

1, The elements, if arranged according to their 
atomic weights exhibit an evident periodicity of properties. 

2, Elements which are similar as regards their chemical 
properties have atomic weights which either are of nearly 
same value, e.g., Fe, Co, Ni or increase regularly, e,g., K, Rb, 
Cs. 

3, The arrangement of elements or groups of elements in 
the order of their atomic weights corr^ponds to their so 
called "valencies" as well as their distinctive properties. 

4 The elements which are most widely distributed in 
nature have small atomic weights and posses sharply 
defined properties. 

5. The magnitude of atomic weight determines the 
character of the element. 

6. Many yet unknown elements may be discovered. 

7. The atomic weight of an element may sometimes be 
corrected with the aid of the knowledge of the atomic weights 
of the adjacent elements. 
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8. Certain characteristic properties of elements can be 
foretold from their atomic weights. 

Mendeleev's original table prepared in the light of the 
above statements arranged similar elements in horizontal 
rows but subsequently he modified the original table 
arranging similar elements in vertical columns. The original 
modified periodic table, is shown in Fig. 1.2. 

A tabular arrangement of elements in rows and 
columns^ highlighting the regular repetition of properties 
of elements is called a periodic table. 

Mendeleev arranged the elements between hydrogen 
and uranium, providing 90 spaces between these two 
elements, in order of increasing atomic masses. ElementB 
with similar properties were present in vertical columns 
called groups. The horizontal rows were called periods. 
Mendeleev violated his periodic law at certain places to give 
appropriate position to the few elemente on the basis of their 
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properties, f.e., he laid emphasis on the properties of the 
elemente rather than their atomic masses. For example, iodine 
having lower atomic mass than tellurium was placed ahead 
of tellurium because iodine showed similarities with fluorine, 
chlorine and bromine. 

When Mendeleev presented the periodic table/only 63 
elements were known. Thus, a number of gaps for 
unknown elemente were left in the table and the properties 
of these tmknown elements were predicted on the basis of 
periodic law. These predicted properties helped the 
future ^ientists in the discovery of unknown elements. For 
example, gallium and germanium were not known when 
Mendeleev presented the periodic table. These elemente 
were named eka-aluminium and eka-silicon. Their properties 
were predicted by Mendeleev and these properties actually 
matched the properties of elements when discovered. 


Mendeleev’s Original Periodic Table of Elements 


Series 

Group 1 
R 2 O 

Group II 
RO 

Group III 

Group IV 
RO 2 /RH 4 

Group V 
RH 3 /R 2 O 5 

Group VI 
RH 2 /RO 3 

Group VII 
RH/R 2 O 7 

Group VIII 

RO 4 

1 . 

H = 1 








2 . 

Li = 7 

Be = 9.4 

B = 11 

1 . c = 1 ? 

N = 14 

0 = 16 

F = 19 


3. 

Na = 23 

Mg = 24- 

A1 = 27.3 

Si = 28 

P = 31 

S = 32 

Ci = 35.5 


4. 

K ^ 39 

; Ca = 40 

... = 44 

Ti = ^ 

V = 51 

Cr = 52 

Mn = 55 

Fe = 56y Co = 59 

Ni = ,59, Cu = 63 

5, 

(Cu = 63) 

Zn = 65 

... = 68 

... = 72 . 

As = 75 

Se = 78 

Br = 80 


6 . 



*Yt = 88 

Zr = % 

Nb = 94 

Mo = 96 

= 100 

Ru = 104, Rh = 104 
Pd = 106, Ag = 108 

7. 

(Ag = 108) 

Cd, = 112 


Sn = 118 

Sb = 122 

Te = 128 

I = 127 


8. 

Cs = 133 

Ba = 137 

= 138 

»Ce = 140 

— 

— ■ 

— 

— 

9. 


— 


— 

— 

— 

— 


10. 

— 

— 


•^La = 180 

Ta = 182 

W = 184 

— 

, Os = 195, It = 197, 
Pt = 198 

11. 

(Au = 199) 

Hg = 200 


Pb = 207 

Bi = 208 




12. 

— 

— 

— 

Th = 231 


IJ = 240 

— 

— 


Fig. 1.2 Mendeleev's Peri<xfic Table (Published In 1872) 


The table given below gives a comparative idea about the 
predicted and actually observed some of the properties of 
these elements. 


Property Eka-alummium Gallium Eka-silicon Germanium 
(Predicted) (Observed) (Predicted) (Observed) 


Atomic mass 

68 

70 

72 

72.6 

Density 

(g/cm^) 

5.9 

5.94 

• 5.5 

5.36 

Formula of 
oxide 

E 2 O 3 

GaaOa 

EO2 

Ge 02 

Formula of 
chloride 

ECI 3 

GaCb 

ECI 4 

GeCLt 


H* ' ' ' ' 

Atomic weight is now referred as atomic mass., 


The original periodic table coi^isted eight vertical 
columrte called groups (Fig. 1.2). Each group consisted 
elements having similar properties, especially the same 
valency. This table consisted a number of defects such as 
anomalous pairs, position of isotopes, position of 
lanthanides and actinides, etc. Some of these defects do not 
exist in modem Mendeleev periodic table. 

1.3 MODERN PERIODIC LAW AND MODIFIED 
FORM OF MENDELEEV’S PERIODIC TABLE 

As the physical and chemical properties of an element 
depend on the number of electrons and their arrangement in 
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Classification of Elements and Periodicity in Properties 

various energy shells of the atom, the atomic number (the 
number of positive charges on the nucleus or number of 
electrons in energy shells) is thus the fundamental property 
of the element. The change in atomic number always changes 
the fate of the element, ie„ a new element comes into 
existence. Moseley, thus, suggested that basis of classifi^ 
cation of elements should be the atomic numbers of the 
elements rather than fi\e atomic masses of the elements. He 


modified fee periodic law by saying that physical and 
chemical properties of ^e elements are periodic function 
of their atomic numbers. When the elements are arranged 
in order of their increasing atomic numbers, the same table 
as presented by Mendeleev, is obtained. The table based on 
atomic numbers of the elements is called modem 
Mendeleev's periodic table (Fig. 1.3). In modern periodic 
table, similar properties recur after the intervals of 2,8,8,18, 


Modern (Modified) Mendeleev’s Periodic Table 



Fig. 1.3 Modem Mendeleev’s Periodic Table 
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18 and 32 elements, ie., if the elements are arranged in the 
increasing atomic numbers, the properties of the elements 
reappear after definite regular intervals. With the 
replacement of atomic mass by atomic number as the basis 
of classification, two main defects of original table based on 
atomic masses disappear. These defects are: 

(i) Anomalous pairs : The original periodic law based 
on atomic masses is violated in case of four pairs of elements 
in order to give them positions on the basis of properties. The 
elements having higher atomic masses have been assigned 
positions before the elements having lower atomic masses at 
four places as shown below : 



(a) Ar 

K. 

(b)Co 

Ni 

(c) Te 

I 

(d)Th 

Pa 

At. mass 

40 

39 

59 

58.6 

127.5 

127 

232 

231 

At. No. 

18 

19 

■ 27 

28 

52 

53 

90 

91 


This defect disappears, if the elements are arranged in 
order of increasing atomic numbers. 

(ii) Position of isotopes: Isotopes are atoms of the same 
element having different atomic masses but same atomic 
number. The isotopes of the same element will be given 
different positions, if atomic mass is taken as a basis. This 
shall disturb the symmetry of the table. In modem table, one 
position is fixed for one atomic number and since all the 
isotopes of an element have the same atomic number, these 
are assigned only one position. 

■ Description of the Modern Periodic Table 

The main characteristics of the modem periodic table are, 

(i) The modem periodic table coi^ists of nine vertical 
columns called ^gmups" and seven horizontal rows called 
'periods'. The nine groups are marked from 0 to VIII. The 
groups I to VII are divided each into subgroups A and B. 
The groups I to VII are termed normal groups. In the VIH 
group in one place, there are three similar elements placed 
togetiier which are known as transition triads—^Fe, Co and 
Ni; Ru, Rh and Pd; Os, Ir and Pt; HsdJno), Mt (Une) and Uun. 

(ii) Starting from hydrogen to the heaviest element, 

• uranium, there are 92 elements which are arranged in 

different periods as follows: 

First period 2 elements (very short period) 

Second period 8 elements (short period) 

Third period 8 elements (short period) 

Fourth period 18 elements (long period) 

. Fifth period 18 elements (long period) 

Sixth period 32 elements (very long period) 

Seventh period 6 elements upto (very long period, inmm- 
at. no. 92 plete period) 

The IV, V and VI periods possess two horizontal rows 
each, which are termed even and odd series. In the 6th period, 
fifteen elements from lanthanum (At. no. 57) to lutetium (At. 
no. 71) are given only one position in third group. These 
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elements are known as rare-earths or lanthanides (from At. 
no. 58 to 71) and are separately arranged below the table in 
a horizontal row. 

The last pericKi consists of 28 elements, out of which 14 
elements from atomic number 90 to 103 are separately 
arranged like lanthanides below the table in a horizontal 
row. These elements are called actinides. 


(iii) Every period starts from a member of alkali group and 
ends with a member of zero group. The first period, however, 
starts with hydrogen. 



The difference in the atomic numbers of subsequent alkali 
metals indicates that similar properties recur after the 
intervals of 2, 8, 8,18,18 and 32. 

(iv) There is a gradual change in properti^ of the element, 
when we move in a period from one end to the other end. 
Some examples are given below to justify thfe gradual 
change. 

(a) Valency : Valency of the elements increases from 1 
to 7 from left to right if oxygen is taken as standard. The 
valency of the elements with mspect to hydrogen increases 
from 1 to 4 and then decreases from 4 to 1 in a period. 

Group I II 111 IV V VI ¥11 

Valency with respect 1 2 3 4 5 6 7 

to oxygen 

Formula of the oxide R 2 O RO R 2 O 3 RO 2 R 2 O 5 KO 3 R 2 O 7 

Valency with respect 1 2 3 4 3 2 1 

to hydrogen 

Formula of the hydride RH RH 2 RH^ JRH 4 RHa RH 2 RH 

This trend is observed in every period. Considering the 
members of third period, 

Na Mg A1 Si P S Cl 

Oxide Na20 AI 2 O 3 Si02 P 2 O 5 SO 3 CI 2 O 7 

Valency 1 ^ 3 4 5 6 7 

Thus, gn>up number signiEes the valency of the elements 
belonging to that group if oxygen is taken as a standard. 
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(b) Metallic nature: In a period froin left to right mefa^ 
nature decreases while non-metaUic character increases. ' 

Srdperiod , Na Mg AP Si P S Cl, :: 

Metals Metalloid Non-metals 

Non-metaUic nature in increasing order 
Metallic nature in decreasing order 

(c) Electropositive / Electronegative character : The 

electropositive character decreases in a period from left to 
right or electonegative character increases. s 

2nd perio d Li Be B C N O F 

Electronegative nature in increasing order . , 

or 

Electropositive nature in decreasing order 

(d) Oxidising and reducing nature : In a period, from 
left to right, the reducing nature decreases while oxidising 
nature increases. 

3rd period Na Mg AlSiP S G1 

Strong reducing Strong, oxidising 

agents agents 

(e) Nature of oxides : In a period, from left to right the 
basic nature of the oxides decrease while acidic nature of 
the oxides increases. 

3rd period Na Mg A1 Si P S. Cl 

Oxide Na 20 MgO AI 2 Q 3 Si 02 P 2 O 5 SO 3 CI 2 O 7 

Basic in nature; Amphoteric . Acidic oxides ^ 

Acidic nature in 
increasing order 

Na 20 is more basic than MgO and MgO is more basic than 
Al 2 Cb. 

(v) Typical elements: The elements of second and third 
periods are called typical elements as they summarise the 
properties of their respective groups. 


Groups 

I 

n 

III 

IV 

V 

VI 

VII 

2 nd period 

Li 

Be 

B 

c , 

N. 

0 

F 

3rd period 

: Na . ^ 

Mg 

al; 

Si 

P 

s . 

Cl 


Li and Na are typical elements of 1 st group while Be and 
Mg are t 5 ^ical elements of 2nd group and so on. 

(vi) Bridge elements : The typicaL elements of third 
period are also called bridge elements as the division 
between two subgroups A and B starts from these elements. 
In s^ond group. Mg acts as a bridge element The properfe 
of bridge element are somewhat mixed properties of the 
elements of two subgroups as magnesium shows similarities 
with alkaline earth metals QIA) on one hand and with zinc 
metals (IIB) on the other. 


Be 


Mgs^ 


■ Bridge element 


Group 

IIA 


fCa 

1 

Zn 

1 

Sr 

1 

Cd 

1 

Ba 

1 

Hg 

1 

,Ra 

Uub 


Group 

IIB 


(vii) Diagonal relationship: The first three members of 
second period (Li, Be and B)riot only show similarities with 
the members of their own groups but show similarities with 
the elements diagonally placed in the higher groups. This 
resemblance is termed diagonal relationship. 


Group 
2 nd period 


3rd period 



Lithium shows similarities with magnesium, beryllium 
with aluminium and boron with silicon. 

(viii) The elements belonging to the same subgroup exhibit 
either same properties or a regular gradation in properties 
from top to bottom. Some examples are given below: 

(a) In the case of elements of LA group (Li, Na, K, Rb, Cs), 
the electropositive character or reactivity increases as the 
atomic number increases. All the members show mono¬ 
valency and are never found in free state. The oxides are basic 
and form strong alkalies. 

(b) In IVA group, the metallic character increases 
gradually: 

C Si Ge ' Sn Pb . 

Non-metals Metalloid Metals 

The acidic nature of the oxides decreases from top to 
bottom. CO 2 is acidic while Pb 02 is basic in nature. 

(c) In VIIA group, the reactivity of the halogens decreases 
from top to bottom. These are electronegative and this'nature 
decreases from top to bottom. Their hydrides are acidic in 
nature and acidic nature increases as the atomic number 
increases. 

F Cl Br I 

---- - ^ - > 

Electronegative nature decreases 

HF HCl HBr HI 

Acidic nature increases 

(ix) The elements of the same subgroup resemble, quite 
closely to each other but there is hardly any resemblance 
between the elements of two subgroups A and B. For example, 
in the first group, the subgroup A consists of alkali metals 
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(Li, Na, K, Bb, Cs) and subgroup B consists of coinage metals 
(Cu, Ag, Au) but there appears hardly any r^mblanc^ 
between the memteis of th^ two subgroups exc^t aU show 
monovalency. Some properties are given below to justify this 
statement: 


lA (alkali metals) 
(Li, Na, K, Eb, Cs) 

(i) Soft metals 

(ii) Low densities 

(iii) Low melting points 

(iv) Highly reactive 

(v) Never found free in 
nature 

(vi) Decompose water 
readily 


IB (coinage metals) 

(Cu, Ag, Au) 

(i) Hard metals 

(ii) High densities ‘ 

(iii) High melting points 

(iv) Less reactive, noble metals 

(v) Found mainly free in nature 

(vi) Do not decompose water 


The difference in properties of two subgroups is maximum 
in the first group and decreases from first to fourth group. 
The difference again becomes maximum in the seventh 
group. 


■ Applications or Advantages of the 
Modern Periodic Table 

<i) Classification of elements : There is no doubt that 
the Mendeleev's periodic system is far superior to the all 
earlier classifications of elements. The periodic table h^ 
reduced the study of 117 known elements into the study of 
few groups. If we know the properties of a single member of 
a group, we can have good approximation of the properties 
of other members of this group without individually studying 
them. 

(ii) Discovery of new elements: A number of gaps were 
left in Mendeleev's periodic table for unknown elements. 
Mendeleev even pre^cted the properties of these unknown 
elements. These properties helped the workers to discover the 
unknown elements more readily and accurately. Thus, the 
periodic system hastened the discovery of many new 
elements, hv modem periodic table, no gap is present, i.e., all 
the unknown elements upto 112 have been discovered. 
Recently, the elements with atomic numbers 113 to 116 and 
118 have been reported. Element with atomic number 117 is 
still to be discovered lo complete the last, i.e., 7th period of 
the periodic table. 

(iii) Correction of atomic mass : Atomic mass of an 
element is related with equivalent mass of the element by the 
following formula: 

Atomic mass = Equivalent mass x valency 

Valency of the element can be known from its position in 
the periodic table. This formula was utilised in the correction 
of atomic mass of many elements. For example, when 
Mendeleev presented the periodic table, the atomic mass of 
beryllium was not correctly known. However, its 


equivalent mass was known to be 4.55. It was thought that 
the element possessed valency 3 as ite oxide was iso- 
morphous with alumina (AI 2 O 3 ). Thus, the atomic mass of 
this element came out to be 3 x 4.55 = 13.65. On the basis of 
this value of atomic mass, it should have been given 
position after carbon (At. wt. 12) but Mendeleev assigned 
position to beryOium in second group, ie., he considered 
beryllium as bivalent. The atomic mass of beryllium was 
given the value 4.55 x 2 = 9.10. This value of atomic mass 
justified its position in second group along with Mg, Ca, Sr, 
etc. In the modem periodic table the atomic masses of all the 
elements have been corrected. 

Thus, the (ii) and (ui) points are of only historical 
importance because all the unknown elements have already 
been discovered and the atomic masses of the elements have 
already been corrected. 

■ Defects of Modern Periodic Table 

Inspite of its great usefulness in the study of various 
elements, the modem periodic table suffers from the 
following defects: 

(i) Petition of hydrogen: On account of the dual nature 
of hydrogen as it shows resemblance with alkali metals 
and also with halogens, its position in periodic table is 
uncertain. It is sometimes placed in the first group and 
sometimes in the seventh group. However, the symmetry of 
the periodic table is not disturbed whether it is accommo¬ 
dated in the first group or in seventh group. It is, therefore, 
difficult even at present, to decide to where it should correctly 
be placed. 

(ii) Similar elements separated : Certain elements 
which show similar properties have been separated in the 
periodic table. For example, Ba and Pb resemble each other 
in so many respects but have been placed in second and 
fourth groups, respectively. Similarly Ag and Tl having 
similar properties have been separated, Ag placed in the first 
group and H in the third group. 

(iii) Dissimilar elements placed together in the same 
group : Elements showing marked dissimilarities are 
placed in one group. For example, coinage metals (Cu, Ag 
and Au) have been placed with alkali metals in the first 
group. Manganese has been placed in seventh group along 
with halogens with which it shows little resemblance. 

(iv) Metals and nonmetals: No attempt has been made 
to place metals and nonmetals separately in the periodic 
table. Most of the groups are mixed groups consisting of 
jnetals, nonmetals and metalloids. 

(v) Position of VIII group : There are twelve ele¬ 
ments in this group and they are accommodated in only 
four available positions. This group is pr^nt between 
seventh and zero groups which is not justifed. 

(vi) Positions of transition elements : Mendeleev 
regarded only the three triads of Vin group as the only 
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NAMING THE ELEMENTS 

Every element has been pven a definite name and for 
covenience a nick name which in chemical language is called 
a symbol. When a new element is discovered, the disa>verer 
usually gets the opportunity to sugg^t a name for the ele¬ 
ment, which is then approved by The International Union 
of Pure and Applied Chemistry-IUPAC. 

Symbols have been derived either by taking the fkst 
alphabet of the name of the element or % taking the first 
alphabet and one more alphabet from the name of the 
element (for example, C for carbon; N for nitrogen; O for 
oxygen; Ca for calcium; A1 for aluminium, etc.) but there are 
quite number of elements for which the derivation of the 
symbol is not quite so obvious: for example, Na for sodium; 
Pb for lead; Ag for silver; Fe for iron, etc. Such anomah^ occur 
because of the way, the elements were originaEy named. Some 
of the elements were given names in other languages such 
as Latin, German, etc. 

Of aU the elements on the periodic table, C^, Fe, Cu, As, Ag, 
Sn, Sb, Au, Hg, Pb and Bi were known to ancient civilisations 
so the date of their 'discovery' is not known. Of these, Fe, Cu, 


SCIENTIST/PERSONS AFTER WHOM ELEMENTS HAVE BEEN NAMED 


Name 

Brief biography 

Element named 

1 . VasiliiYefrafovkhvon 

Chief of staff of the Russian Corps of Mining 

samarium, Sm 

Samarski-Bykhovets (1803-1870) 

Engineers 

(element 62) 

2 . Johait Gadolin 

Finnish chemist; first person to isolate a 

gadolinium, Gd 

(1760-1852) 

lanthanide element 

(element 64) 

3. Pierre Curie (1859-1906) and 

Husband and wife scientific team; Pierre 

curium. Cm 

Marie Curie (1867-1934) 

French and Marie Polish by birth; jointly won the Nobel Prize in physics in 1903 

(element 96) 

4. Albert Einstein 

Most famous scientist of the twentieth century; 

einsteinium, Es 

(1879-1955) 

German by birth; won the Nobel Prize in physics in 1921 

(elanent99) 

5. Enrico Fermi (1901-1954) 

Italian physicist; made great advances in the study of nuclear 
reactions; won the Nobel Prize in physics in 19^ 

fermium, Fm 
(element 100) 

6 . Dmitri Mendeleev 

Russian chemist; renowned for the 

mendelevium, Md 

(1834-1907) 

development of the periodic table 

(element 101) 

7. Alfred Nobel (1833-1896) 

Swedish inventor of dynamite an patron of the Nobel Pri^ 

nobelium,No 
(element 102) 

8 , Ernest Lawrence 

American inventor of the cyclotron; won the 

lawrencium, Lr 

(190M958) 

Nobel Prize in physics in 1939 

(element 103) 

9, Ernest Rutherford 

New Zealand physickt/chemist; made seminal 

ruthe*fordium, Rf 

(1871-1937) 

contributions to understanding the structure of 
the atom; won the Nobel Prize in chemistry in 19(B 

(element 104) 

10 . GlannSeaborg 

American chemist; first prepared many of the elements beyond uranium 

seaborgium, Sg 

(1912-1999) 

in the periodic table; won the Nobel Prize in chemistry in 1951 

(element 106) 

11 . Niels Bohr (1885-1962) 

Danish physidst; studied elech'onic energy levels within atoms, which help 
our xmderstanding of the atom; won the Nobel Prize in physics in 1922 

bohrium,Bh 
(element 107) 

12. Lise Meitner (1878-1968) 

Austrian physidst; made discoveries concerning 
nuclear fi^ion; controversially never awarded a Nobel Prize 

TOitnerium, Mt 
(element 109) 

13, Wilhelm Rdntgen 

German physidst; discoverer of X-rays; won 

rontgenium, Rg 

(1845-1923) 

the Nobel Prize in physics in 1901 

(element 111) 


transition elements but modem studies have confirmed 
that there are 40 (upto At. no. 112) transition elements. These 
similar elements are scattered in whole of the periodic 
table. These elements are present in every group except zero 
group. 

(vii) Position of lanthanides and actinides ; Inspite of 
the fact that members of lanthanide series and actinide series 
have different atomic numbers, these have not l^n given 
individual places in the periodic table. The 14 members of 
lanthanide series have been placed along with lanthanum 
in the third group and sixth period and similarly 14 
members of the actinide series have been placed along with 
actinium in third group and seventh period. The justification 
for assigning one place to th^ elements has been given on 
the basis of their similar properties. The properties are so 
similar that the fifteen elements from La to Lu can be 
considered as equivalent to one element. In case, these 
elements are assigned different positions, le:, arran^d in 
order of their increasing atomic ntunbere, the symmetry of 
the whole arrangement would be disrupted. The same 
explanation can be given in the case of actinides. 
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Ag, Sn, Sb, An, Hg and Pb are the abbreviations for the Latin 
names ferrum, cuprum, argentum, stannum, stibium, aurum, 
hydragyrum and plumbum. The earliest known discoveiy. of an 
element was that of phosphorus, P. It was isolated in 1669 by 
Hetmig Brand from the distillation of urine (he was appar¬ 
ently trying to make sEver or gold—unsuccessfully, of course!) 
and was named after the Greek word me^ng 

1?ringer of light', as the element glows in the darkv Elements 
have been named after countries (germanium, francium, am¬ 
ericium, polonium) and even after the places they were first 
di^overed; the Swedish town of Ytterby has the distinction of 
having four elements (erbium, Er; ytterbium, Yb; yttrium, Y; 
and terbium, Tb) named after it, as these were foimd in depos¬ 
its dose to the town. Surprisingly few elements have been 
named after people; at present, only 14 people have been 
immortalised on the periodic table, and they are listed in table 
given on page 9. 

■ Nomenclature of Elemerits 
with Atomic Numbers > 100 

The elements eomihg after urainium which do not exist 
naturally, are named transuranic or transuranium elements. 
The elements with Z = 104 --116 and 118 have been reported 
recently and are called traitsactinides or super-heavy 
elements. These are sjnnthetic, ie., man-made elements. The 
production of synthetic elements requires binuclear reactions 
between two positive nuclei that must be fused together 
against the force of electrical repulsion. Nudear accelerators 
are used for this purpose. There are currently two major 
groups working on producing super-heavy elements, one in 
California, USA and the other at Dubna near Moscow, 
Russia. By convention, the workers who discover a new 
element have the right to name it. However, in recent years, 
on account of competitive spirit disputes have arisen over 
the names of the newly discovered element. For example, 
both American and Russian scientists claimed ciedit for the 
discovery of the element 104. The Americans named it 
Rutherfordium whereas Russians named it Kurchatovium. 
To avoid such problems, the lUFAC suggested that until the 
discovery of the new element is proved and its name is 
officially recognised, a systematic nomenclature based on the 
atomic number of the element be followed. The following are 
the points of the nomenclature of the element having atomic 
numbers > 100 . 

1. The names are derived by using the numerical roots for 
three digits in the atomic number of the element and adding 
the ending -ium. The roots for the numbers are: 
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Digit 

Name Abbireviation 

' ‘ 0 ’ 

; .nii , n , 


1 

yn . y 


2 

bi b 


.3 

tri t 


4 

quad. .9; 



pent ; - P . 


. 6 

hex h. 



sept ' s 


8 , 

^OCt : ■ O ■ 


: 9 

€sm L . e 


2. In certain cases the names are shortened. For example, 
'biiuiri' and 'triium' are shortened to 'Bium' and 'tiium' and 

'ennniL is 

shortened to 'enniL. 


3. The symbol for the element is made up from the first 

letters from the roots which make up the 

names. The 

mixture of Latin and Greek roots has been chosen to ensure 

that the symbols are all different. 


lUPAC Nomenclature for the Super Heavy-Elements 

Atomic 

number 

Name of the element 

Symbol 

101 

Unnilunium, 

(Unu) 

102 

Unnilbium 

10 2 

(Unb) 

103 

Unniltrium 

(Uftt) 

104 

Unnilquadium 

(Unq) 

105 

Unnilpentium 

(Unp) 

106 

Unnilhexium 

(Unh) 

107 

Unnilseptium 

(Uns) 

108 

Uiyiiloctium 

(Uno) 

109 

Urmilermium 

, (Une) 

110 

Unurmilium 

(Uim) 

111 

Unununium Un - un - ^ - ium 

1 1 1 

(Vmi) 

112 

Ununbium 

(liub) 

113 

Ununtrium ^ ^ ~ X ~ 

(Uut) 

114 

“-“■-I"**™ "i-T-V-™ 

(Uuq) 

115 

Ununpentium - US - - ium 

115 

(Uup) 

116 

Ununhexium - un - 1^ - ium 

116 

(Uuh) 

118 

Ununoctium Un - IJS - 2 c| - ium 
118 

(Uuo) 

120 

Unbinilium Un - W - ml - ium 

(Ubn) 


1 2 0 


At present 117 elements have been discovered. These are 
the elements with atomic numbers upto 116 and 118. Element 



Classification of Elements and Periodicity in Properties 

with atomic number 117 is yet to be discovered. Official 
lUPAC names for the elements upto 111 have been approved 
by the Commission on Nomenclature of Inorganic 
Chemistry (CNIC). 

Thus, the newly discovered element is first given a 
temporary name on the basis of atomic number and later on 
a permanent name with symbol is alloted by the consent of 
lUPAC representatives. 


Nomenclature of Elements with 
Atomic Number above 100 


Atomic 

number 

Name on the basis 
of atomic number 
(Temporary) 

Official lUPAC 

name 

(Permanent) 

Symbol 

101 

Uimilurdum 

Mendelevium 

Md 

102 

Uimilbium 

Nobelium 

No 

103 

UnnMtriuin 

Lawrencium 

Lr 

104 

Unnilquadium 

Rutherfordium 

Rf 

105 

Umilpentium 

Dubnium 

Db 

106 

Urmilhexium 

Seaborgium 

Sg... 

107 

Uimilsepttum 

Bohiium 

Bh 

108 

UimOoctium 

Hassium 

Hs 

109 

Uimtemium 

Meitnerium 

M 

110 

Ununnilium 

Darmstadtium 

Ds 

111 

Unununium 

Rontgenium 

% 

112 

Ununbium’^ 

— 

— , 

113 

Ununtrium’*’ 



114 

Umtnquadium^ 

— 


115 

Ununi^ntium* 

— 

— 

116 

Untmhexium’^ 

— 


118 

Ununoctium^ 

— 



^Official lUPAC name yet to be announced. 


1.6l ELECTRONIC CONFIGURATIONS 
AND THE PERIODIC TABLE 

The aiifbau principle and electronic configuration of the 
atoms of elements provide a theoretical foundation for the 
classification of elements. It is now recognised that the 
periodic table is essentially the consequence of the periodic 
variation in electronic configuration of the atoms of the 
elements which determine the physical and chemical 
properties of the elements and their compounds. The elements 
m a vertical column, ie., in a group of the periodic table 
exhibit similar chemical behaviour. This is due to the fact 
that these elemaits hay e same number and same disMbution 
of electrons in their outermost orbitals, i.e., in the valency 
shell For example, the group lA elements (alkali metals) 
which show same chemical behaviour possess same valence 
shell configuration, i.e., ns\ Similarly, the group VIIA 
elements (halogens) which am similar in chemical properties 
possess same valence shell configuration, ns^np^. 
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In the periodic table, the elements have been arranged in 
order of increasing atomic number, i.e., increase number of 
orbital electroi^. Thus, each element contains one more 
orbital electron than the preceeding element. Each period 
starts with configuration and ends with a noble gas (He, 
Is^, in the first period and n^np^ configuration with rest of 
the elements). The sequence in which the various energy 
levels are filled determines the number of elements. 


1 st period 

Is 




2 elements in this period 

2 nd period 

2 s 



2p 

8 elements in this period 

3rd period 

3s 



3p 

8 elemente in this period 

4th period 

4s 


3d 

4p 

18 elements in this period 

5th period 

5s ■ 


4d 

5p 

18 elements in this period 

6 th period 

6 s 

4/ 

5d 

6p. 

32 elements in this period 

7th period 

7s 

5/ 

6d 

7V. 

32 elements in this period 


The ground state electronic configurations of the elements 
are given in the following table. For the sake of simplicity, 
condensed electronic configurations of the elements are 
given. In writing condensed electronic configuration of an 
element, the electronic configuration of the nearest noble gas 
of lower atomic number is represented by its chemical symbol 
in square bracket. For example, the condemed electronic 
configuration of sodium can be written as : 

[Ne] 3s^ 


Electronic Structures of the Elements 


£ 

Element 

Symbol 

Structure 

1 

' • Hydrogen 

Period - 1 

H 

Is’ 

2 ' 

Helium 

He. . 


3 

Lithium 

Period - 2 

Li 

[He] 2s’ 

4 

Beryllium 

Be 

[He] 2s^ 

5 

Boron 

B 

[He] 2s^ 2p’ 

6 

Carbon 

C 

[He] 2s^ 2p^ 

7 

Nitrogen 

^ N 

[Hel2s’’ 2p^ 

8 

Oxygen 

O 

[He] 2s^ 2p* 

9 

Fluorine 

F 

[He] 2s^ 2p® 

10 

Neon 

Ne 

[He] 2s^ 2p* 

11 

Sodium 

Period -- 3 

Na 

[Ne] 3s’ 

12 

Magnesium 

Mg 

[Ne] 35^ 

13 

Aluminium 

A1 

[Ne] 3s^ 3p’ 

14 

Silicon 

Si 

[Ne] 3s^ 3p^ 

15 

Phosphorus 

P 

[Ne] Ss” 3p® 

16 

Sulphur 

S 

[Ne] 3s^ 3p^ 

17 

Chlorine 

Cl 

[Ne] 3s^ 3p® 

18 

Argon 

Ar 

[Ne] 3s^ 3p^ 

19 

Potassium 

Period - 4 

K 

[Ar] 4s’ 

20 

Calcium 

Ca 

[Ar] 4s^ 

21 

Scandium 

Sc 

[Ar] 3d’ 4s^ 

22 

Titanium 

Ti 

[At] 3d^ 4s^ 

23 

Vanadium 

V 

[Ar] 3d^ 4s^ 
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z 

Element 

Symbol 

Structure 

24 

Chromium 

Cr 

[Ar] 

4s^ 

25 

Manganese 

Ml 

[Ar] 3d® 

4s^ 

26 

Iron 

Fe 

[Ar] 3d* 

4s^ 

27 

Cobalt 

Co 

lAr] 3(f 

4s2 

28 

Nickel 

Ni 

[Ar] 3d® 

is^ 

29 

Copper 

Cu 

[Ar] 3d’“ 

4s^ 

30 

Zinc 

Zn 

[Ar] 3d’° 

4s^ - 

31 

Gallium 

Ga 

[Ai] 3d’® 

4s^ 4p’ 

32 

Germanium 

Ge 

[Ar] 3d’® 

4s^ 4p^ 

33 

Arsenic 

As 

[Ar] 3d’® 

4s^ 4p^ 

34 

Selenium 

Se 

[Ar] 3d’® 

4^2 4^4 

35 

Bromine 

Br 

[At] 3d’® 

4s^ 4p^ 

36 

Krypton 

Kr 

[Ar] 3d’® 

4s^ 



Period - 5 



37 

Rubidium 

Rb 

[Kr] 5s’ 


38 

Strontium 

Sr 

[Kr] 5s^ 


39 

Yttrium 

Y 

[Kr] 4d’ 

5s^ 

40 

Zirconium 

. Zr 

[Kr] 4d^ 

5s^ 

41 

Niobium 

Nb 

[Kr] 4d* 

5s’ 

42 

Molybdenum 

Md 

, [Kr] 4d® 

5s^. 

43 

Technetium 


[Kr] 4d® 

5s^ 



|tc 

[Kr] 4d* 

5s^ 

44 

Ruthenium 

Ru 

[Kr] 4d^ 

5s^ 

45 

Rhodium 

Rh 

[Kr] 4d® 

5s^ 

46 

Palladium 

Pd 

[Kr] 4d’® 

5s^ 

47 

Silver 

Ag 

[Kr] 4d’® 

5s^ 

48 

Cadmium 

Cd 

[Kr] 4d’® 

5s^ 

49 

Indium 

In 

[Kr] 4d’® 

5s^ Bp^ 

50 

Tin 

Sn 

[Kr] 4d’® 

5s^ 5p^ 

51 

Antimony 

Sb 

[Kr] 4d’® 

5s^ 5p^ 

52 

Tellurium 

Te 

[Kr] 4d’® 

5s^ 5p^ 

53 

Iodine 

I 

[Kr] 4d’° 

5s^ 5p^ 

54 

Xenon 

Xe 

[Kr] 4d’® 

5s^ 5p^ 



Period - 6 



55 

Caesium 

Cs 

[Xe] 6s’ 


56 

Barium 

Ba 

[Xe] 6s^ 


57 

Lanthanum 

La 

[Xe] 5d’ 

6 s^ 

58 

Cerium 

Ce 

[Xe] 4/’ 

5d’ 6s^ 

59 

Praseodymium 

Pr 

[Xe] if 

5d® 6f 

60 

Neodymium 

Nd 

[Xe] if 

5d® 6s^ 

61 

Promethium 

Pm 

[Xe] if 

5d® 6s^ 

62 

Samarium 

Sm 

[Xe] ^ 

5d® 6s^ 

63 

Europium 

Eu 

[Xe] if 

5d® 6s^ 

64 

Gadolinium 

Gd 

[Xe] 

5d’ 6s^ 

65 

Terbium 

Tb 

[Xe] ^ 

5d® 6s^ 

66 

Dysprosium 

Dy 

[Xe] 4/’° 

5d® 6s^ 

67 

Holmium 

Ho 

[Xe] 4/” 

5d® 6s^ 

68 

Erbium 

Er 

[Xe] 4/’^ 

5d® 6s^ 

69 

Thulium 

Tm 

[Xe] 4/’® 

5d® 6s^ 

70 

Ytterbium 

Yb 

[Xe] if* 

5d® 6s^ 

71 

Lutetium 

Lu 

[Xe] 4/’^ 

5d’ 6s^ 

72 

Hafnium 

Hf 

[Xe] if* 

5if 6 s^ 

73 

Tantalum 

Ta 

[Xe] if* 

5d® 6s^ 

74 

Tungsten 

W 

[Xe] if* 

5d* 6s^ 

75 

Rhenium 

Re 

[Xe] if* 

5d® 6s^ 
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z 

Element 

Symbol 

Structure 




Osmium 

Os 

[Xe] if* 

■5d^ 

6 s^ 


77 

Iridium 

Ir 

[Xe] 4/’* 

5/ 

6s^ 


78 

Platinum 

Pt 

[Xe] 4/’* 

5d^ 

6 s’ 


79 

Gold 

Au 

[Xe] 4/’*, 

5d’® 

6 s’ 


80 

Merciuy 

Hg 

. [Xe] 4/’* 

5d’® 

6 s^ 


81 

Thallium 

T1 

[Xe] if* 

5d’® 


6 p’ 

82 

Lead 

Pb 

[Xe] if* 

5d’° 

6s^ 

6 p^ 

83 

Bismuth 

Bi 

[Xe] if* 

5d’® 

6s^ 

6 p® 

84 

Polonium 

Po 

[Xe] 4/’* 

5d’® 

6 s^ 

bp* 

85 

Astatine 

At 

[Xe] if* 

5d’® 

6 s^ 

6 p® 

86 

Radon 

Rn ‘ 

[Xe] if* 

5d’® 

6 s=’ 

6 p* 



Period - 7 





87 

Francium 

' Fr 

[M 7s’ 




88 

Radium 

Ra 

[Rn] 7s^ 




89 

Actinium 

Ac 

[Rn] 

6 d’ 

7s^ 


90 

Thorium 

Th 

[Rn] 

6 d' 

7s^ 


91 

Protactinium 

Pa 

[Rn] 5f 

6d^ 

7s^ 


92 

Uranium 

U 

[Rn] Sf 

6d^ 

7s^ 


93 

Neptunium 

Np . 

[Rn] 5f 

6d^ 

7s^ 


94 

Plutonium 

Pu 

[Rn] sf 

6 d® 

7s^ 


95 

Americium 

Am 

[Rn] sf 

6 d® 

7s^ 


96 

Curium 

Cm 

[Rn] sf 

6d^ 

7s^ 


97 

Berkelium 

|Bk 

[Rn] sf 

6 d® 

7s^ 




[Bk 

[Rn] sf 

6 d’ 

7s^ 


98 

Californium 

Cf 

[Rn] 5/’® 

6 d® 

7s^ 


99 

Einsteinium 

Es 

[Rn] 5/” 

6 d® 

7^ 


100 

Fermium 

Fm 

[Rn] 5/’^ 

6 d® 

7s^ 


101 

Mendelevium 

Md 

[Rn] 5/’® 

6 d® 

7s^ 


102 

Nobelium 

No 

[Rn] 5/’^ 

6 d® 

7 b ^ 


103 

Lawrencium 

Lr 

[Rn] 5/’^ 

6 d’ 

7s^ 


104 

Rutherfordium 

Rf 

[Rnl sf* 

6f 

7 s ^ 


105 

Dubnium 

Db 

[Rn] sf* 

6 d® 

7s^ 


106 

Seaborgium 

H 

[Rn] sf* 

6d* 

7 s ^ 


107 

Bohrium 

Bh 

[Rn] sf* 

6 d® 

7s^ 


108 

Hassnium 

Hs 

[Rn] 5/’* 

6 d* 

7s^ 


109 

Meitnerium 

Mt 

[Rn] sf* 

6 d^ 

7s^ 


110 

Darmstadtium 

Ds 

[Rn] sf* 

6 d® 

7s^ 


111 

Rontgenium 

% 

[Rn] sf* 

6 d® 

7s^ 


112 

Ununbium 

Uub 

[Rn] sf* 

6 d’® 

7s^ 


113 

Ununtrium 

Uut 

[Rn] sf* 

6 d’® 

7s^ 

7p* 

114 

Ununquadium 

Uuq 

[Rn] sf* 

6 d’“ 

7s^ 

7p' 

115 

Ununpentium 

Uup 

[Rn] 5/’^ 

6 d’® 

7s^ 

7p® 

116 

Ununhexium 

Uuh 

[Rn] 5/’^ 

6 d'® 

7 b ^ 

7p* 

118 

Ununoctium 

Uuo 

[Rn] sf* 

6 d’® 

7i 

7p^ 


■ Classification of Elements on the 
Basis of Electronic Configurations 

1. Bohr’s Classification 

The classification proposed by Bohr is based on complete 
and incomplete energy shells. The elements have been 
grouped into four types: 

Ci) Inert gases : In the atoms of these elements, the 
s~and p-subshells of the outermost shell are completely filled. 
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Classification of Elements and Periodicity in Properties 

With the exception of helium which has Is configuration, 
all other have n^np^ configuration. Because of stable 
configuration, these elements do not show chemical activity 
under normal conditions. These are all gases under normal 
conditions and thus, termed as inert gases. Under special 
conditions, the higher members do form some compounds 
with other elements and hence, the name has been changed 
to noble gases. Seven elements He, Ne, Ar, Kr, Xe, Rn and 
Uuo belong to this group. This group was unknown at the 
time when Mendeleev presented the periodic table. These 
elements are the end members of the respective periods of 
the periodic table, respectively. 

(ii) Representative or Normal elements : In these 
elements atoms have all shells complete except outermost 
shell which is incomplete. The number of electrons in the 
outermost shell varies from 1 to 7, i.e., the configuration of 
the outermost shell varies from to np^. These elements 
comprise of some metals, all non-metals and metalloids. 
These are the elements which are found in nature in 
abimdance and active in nature. On accoimt of this, these 
elements are called representative elements. All the three 
types of valencies are observed in the case of these elements. 
These elemente have one of the following configurations in 
their outermost shell: 

1 2 21 22 2 % 24 25 

ns , ns , ns np , ns np , ns np , ns np , ns np 
1 2 3 4 5 6 7 

The number of electrons present in the outermost shell 
signify the group to which these elements belong. 

(iii) Transition elements: In the atoms of these elements 

the outermost shell and the penultimate shell (next to the 
outermost) are incomplete. These elements have the general 
configuration (n - ns^ or i or 2 ^ ground state 

or in excited state. These elements are present in fourth, fifth, 
sixth and seventh periods of periodic table and are called 
transition elements. The elements showing horizontal 
relationship as well as vertical relationship are termed 
transition elements. There axe four transition series, every 
series consists of 9 elements each. Each series starte with a 
member of third group and ends with a member of first group. 


1 st series 

Sc 21 to Cu 29 

3d 

2 nd series 

Y 39 to Ag 47 

4d 

3rd series 

La 57 to Au 79 

5d 



[The elements from Ce (5B) 



to Lu (71) am not included] 

4th series 

Ac 89, Rf (104), Db (105) 


and 106 to 111 

[The elements from Th (90) 



to Lr (103) are not included] 


The elements belonging to this group are all metals. 

(iv) Inner-transition elements : Atoms of these ele¬ 
ments have three outermost shells incomplete. The general 
configuration is (n -2)/^“'^ {n - l)d^ ^ There are two 
series of elements, 

(a) Lanthanides or rare-earths fi'om Ce (58) to Lu (71) 

(b) Actinides from Th (90) to Lr (103). 


Each series consists of 14 elements, le,, in the lanthanides, 
4/ is gradually filled up while in actinides, 5/ is gradually 
filled up. The properties of these elements are similar to 
transition elements. The members of actinide series are 
radioactive and majority of them are not found in nature. The 
elements from atomic number 93 onwards are called 
transuranic elements and have been discovered by artificial 
means. 

In this classification, the elemente Zn, Cd and Hg have 
not been included in any of the four groups of elements. The 
elements Lu and Lr of the inner-transition group have 
(n -2)/ shell complete consisting of 14 electrons, hence their 
inclusion in this group is not justified. 


2. Differentiating Eiectron Ciassifleations 

(Division of elements into s-, p-, d-,/-Blocks) 

This classification divides the elements into four types, z.e., 
S-, p-, d- and/-block elements depending on the nature of the 
atomic shell into which the last etetron enters. The last 
electron is called as differentiating electron. This classi¬ 
fication is most rational and is now commonly in use. The 
energy shell into which the last electron enters is of highest 
energy. This may not always belong to the outermost energy 
shell. In general, it can be said that aufbau principle is follow- 
edi in filling of various energy shells with few exceptions. 


Period 

> 


I I 5-block elements 
[ I |?-block elements 


— \ — 
2s 
i 

[ 1 i/-bloek elements 

[ 1 /block elements 



1 

Y 



1 



Y 



45 

. . (. 





1 

Y 







1 

t 



1 

5. 





1 

Y 







1 

Y 



1 

6s 

...1 





1 

5|/ 







Y 



1 

75 

1 

** 




6d 

_l_ 










* 

** 






t 











5/ 

1 







Fig. 1.4 Periodic table, illustrating division of elements 
into S-, p-, d-, f- Blocks 


■ (/) s^Blook Elements 

In these elements, the last electron enters the ns energy 
shell. The maximum capacity of ns energy shell .is of two 
electrons, thus, these elemenfe have valency shell confi¬ 
guration either ns^ or ns^. 

The members of this block lie on the extreme left of the 
periodic table. The elements having ns^ configuration are 
called alkali metals (Group lA elements) while those having 
ns^ configuration are called alkaline earth metals (Group HA 
elements). The elements of s-block are also called as Reactive 
metMs. 



Group 


Maln-Qroup E\»mmts 

s-subshell is filled up 


Periodic Table of the Elements (Long Form) 

(Representing Electron Configurations) 


Main>Group Elements 
p-subshell is gradually filled up * 


Period 

1 

H 

2 

3 

LI 

■2s^ 

3 

11 

Na 

4 

19 

K 

5 

37 

Rb 

5S^ 

6 

55 

Cs 

es’ 

7 

87 

Fr 

7S^ 


HA 

4 


1 Atomic number 

|-| Symbol 

Valence-shell cxinfiguration 


2 ^ 

12 


TtQmMon Etements 
c^subshell is gradually filled up 


IIIB 

IVB 

VB 

VIB 

VIIB 

*. 

_yi|!B^ 

--^ 

10: 

liB 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

3d'4^ 

3(/4/ 


3d®4s^ 

3d®4s^ 

3d®4s^ 

3dW 

3d®4s® 

3d'®4s' 


39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

Y 

Zr 

Nb 

IVIO 

Tc 

Ru 

Rh 

Pd 

Ag 

Cd 

4d^5s^ 


4c/*5s’ 

4d®5s^ 

4d®6s^ 

4d^5s' 

4(/5s^ 

4^10 

4d’“5s^ 

4d«5s^ 

57 

72 

73 

74 

75 

76 

77 

78 

79 

80 

La I 

Hf 

Ta 

W 

Re 

Os 

Ir 

Pt 

Au 

Hg 

sd’e/ I 



scfes^ 

5d®6/ 

5d%/ 

5d^6s^ 

5d%s' 

5d'%s' 

Sd'W 

as I 

104 

105 

106 

107 

108 

109 

110 

111 

112 

Adi 

Rf 

Db 

Sg 

Bh 

Hs 

Mt 

Ds 

Rg 

Uub 

6d’7/ 1 


6d®7s^ 


6£#^/ 




6d*7s® 

6d^W 


IIIA 

IVA 

5 

6 

B 

C 

2s^2p’ 

2s^2^ 

13 

14 

Al 

Si 

3s^3p^ 

• 3s W 

31 

; 32 

Ga 

Ge 

4s^4p^ 

4s^4/^ 

49 

50 

In 

Sn 

5s^5p’ 

5s^6c^ 


N O 


34 35 


86 

Rn 

118 

Uuo 


Inner-tVansition Elements 
/-subshell is gradually filled up 


6^ 

Ce 

59 

Pr 

60 

Nd 

61 

Pm 

62 

Sm 

63 

Eu 

64 

Gd 

65 

Tb 

66 

Dy 

67 

Ho 

68 

Er 

69 

Tm 

70 

Yb 

71 

Lu 


4fe^ 

4f^6s® 

4^6s^ 

4^6^ 

4fW 

4f^5dW 

4f6^ 


4f«6^ 

4f’®6/ 

4i'\i- 

4f^'*6s? 

7^‘'5dW 

Th 

91 

Pa 

92 

u 

93 

Np 

94 

Pu 

95 

Am 

96 

Cm 

97 

Bk 

98 

Cf 

99 

Es 

100 

Fm 

101 

Md 

102 

No 

103 

Lr 

ed^7s^ 

5t^6d'7/ 


sf^edW 

5f^7^ 


5f^6d'7/ 

5f^7^ 


5f”7s^ 



Sf’-’?/ 

Sf^6d^7^ 


Fig. 1.5 A Modern Form of the Periodic Table (Long Form) 
(Representing valence-shell configurations of the elements) 
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ns^ 

Elements 

Group lA Alkali metals 

H 

^ 1 - 

is’ 

or 

Is’ 

Li 

3 

Is^ 2 s’ 

or 

[He] 2s’ 

Na 

11 

Is^, 2^2p\ 3s’ 

or 

[Ne].3s’ 

K 

19 

2, 8, 8, 4s’ 

or 

lAr] 4s’ 

Rb 

37.. . . 

2, 8 , 18, 8 , 5s’ 

or 

[Kr] 5s’ 

Cs 

55 . 

2,8,18,18,8,6s’ 

or 

[Xe] 6 s’ 

Fr 

87 

■2, 8 , 18, 32, 18, 8 , 7s’ 

or 

(Rn] 7s’ 



Group IIA ' ' 



ns^ 

Elements 

Group IIA Alkaline earth metals 

He 

2 

2 

Is (Actually belongs to zero group) 

or 

Is" 

Be 

4 

Is^ 2 s^ 

or 

[He] 2s^ 

Mg 

12 

Is^ ■ 2 s^ 2 p^ 3s^ 

or 

[Ne] 3s^ 

Ca 

20 

2, 8 , 8 , 4s^ 

or 

[Ar] 4s^ 

Sr 

38 

2 , 8 , 18, 8 , 5s^ 

or 

[Kr] 5s^ 

Ba 

56 

2 , 8 , 18, 18, 8 , 

or 

[Xe] 6 s^ 

Ra 

88 

2, 8 , 18, 32, 18, 8 , 7s^ 

or 

[Rn] 7s^ 


General Characteristics of s-Biock Elements : 

The general characteristics of alkali metals (Li, Na, K, Rb, 
Cs and Fr) and alkaline earth metals (Be, Mg, Ca, Sr, Ba and 
Ra), ie,, s-block elements are the foEowing: 

(i) They are soft metals, possess low melting and boding 
points, have the largest atomic radii in their corresponding 
periods and are good conductors of heat and electricity. 

(ii) They have low values of ionisation energies and hence 
highly electropositive. 

(in) They are very reactive and readdy form ionic 
compoimds. They show a fixed valency which depends on 
the number of electrons present in the outermost shell. The 
alkah metals show monovalency while alkaline earth rnetals 
show divalency. They are never found in free state in nature 
due to their reactive nature. 

(iv) On account of low ionisation energies and highly 
negative el^trode potentials, they act. as strong reducing 
agents,; . The alkaU and alkaline earth metals cannot be 
prepared by doing electrolysis of aqueous solutions of their 
salts. 

(v) Except Be and Mg, they impart a characteristic colour 
to the flame. 

(vi) The compounds of s^block elements are predomii- 
nently ionic and colourless. However, lithium and berydium 
compounds are covalent in nature. 

(vii) They have great affinity for oxygen and nonmetals. 
The oxides are basic. The hydroxides are strong alkahes. 

(viii) They displace hydrogen from acids and form 
corresponding salts, ‘ 


(be) With exception of Be and Mg, they decompose water 
and readEy evolve hydrogen. 

M (//) p-Block Elements 

In the aton^ of these elements, the last electron enters the 
p-subsheE of the outermost sheE. In these elements tip- 
subsheE is graduaEy filled, up. The valency sheE 
configuration varies from ns^ np^ to ns^ np^. 


Order 


ns^ np^ 

"2 ' 3 

ns np 

np^ 

np^ 

np^ 

of the 

(Illrd 

(ivth\^ 

group) 

<vth 

(Vlth 

(Vllth 

[Zero 

period 

group) 

group) 

group) 

group) 

group) 


A 

A 

A 

A 

A 


« = 2 

B 

c 

N” 

O 

F 

Ne 


2/ 2p’ 


. 2s^2p^ 

2s^ 2p* 

. 2s ^2p® 

2s^ 2p* 

21-3 

AI 

Si 

P 

s 

Cl 

Ar 


3s^ 3p’ 

3s^3p^ ' 

3s^ 3p^ 

3s^ 3p^ 

3s^ 3p^ 

3s^ 

>1 = 4 

Ga 

Ge 

As 

Se 

Br 

BCr 


4s^ 4p’ 

4s^ 4p^ 

4s^ 

45^ 

4s^ 4p^ 

4s^ 

n - 5 

In 

Sn 

Sb 

Te 

I 

Xe 


5s^ 5'p’ 

5s^ 5p^ 

5s^ 

5s^ 

5s^ 5p^ 

5p^ 

n = 6 

T1 

Pb 

Bi 

Po 

At 

Rn 


6s^ 6p ’ 

6s^ 6p^ 

6s^ 

6s^ 


6s^6p^ 

n = 7 

Uut 

Uuq 

Uup 

Uuh 

■ —. 

Uuo 


7s^7p’ 

7p^ 

7^ 7p^ 

7s^ 


7s^.7p^ 


Group 

Group 

Group 

Group 

Group 

Group 


13 

14 

15 

16 

17 

18 


[These elements belong to subgroup A in the extended 
form of periodic s/table except zero group in which no 
subgroup is present.] These elements include some metals, 
aE non-metals and metaEoids, s-block and p-block elements 
are coEectively called nonnal or representative elements 
(except zero group elements). Each period ends with a 
member of zero group (18th group), i.e., a noble gas with a 
closed sheE n^np^ configuration. Prior to noble gas group, 
there are two chemically important groups of non-metals. 
These are halogens (group 17) and chalcogem (group 16). 

General Characterisfics of p-Block Elements 

(i) p-block consists of the elements of six groups, t? 2 z., IIIA, 
rVA, VA, VIA, VILA and zero group. The number of electrons 
in the outermost sheU varies, from 3 to 8, i.e., they have 
^ general configuration, ns np . The number of electrons in 
the peniEtimate shell is either 2 or 8 or 18. 

in) Except F and inert gases, p-block elements show a 
number of oxidation states from +n to in - 8) where n is the 
number of electrons present in the outermost shell. 
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Group niA IVA VA VIA VIIA 

Oxid. states +3 +4 to -4 +5 to -3 +6 to ~2 +7 to -1 

[Oxygen is an exception. However, it can show -2, 
-1, -1 / 2 (K 02 ), / 3 (K 03 ) and +1 / 2 ( 02 PtF 6 ) oxidation states.] 

(iii) The p-block elements generally show covalency but 
higher members can show electrovalency. The highly 
electronegative elements like halogens, O, S, N, etc., show 
electrovalency by accepting electrons and forming anions. 
Some of the elements show coordinate valency also. 

(iv) In the period from left to right, there is regular increase 
in nonmetallic character. However, nonmetallic character 
decreases in the groups from top to bottom. 

(v) Ionisation energies increase from left to right in a 
period while decrease in a group from top to bottom. The 
members of V group and zero group have exc^tionally high 
values of ionisation energies on account of half filled and 
fully filled orbitals in the valency shell. 

(vi) In every period, redudns nature decreases from left 
to right while oxidising nature increases. Reducing nature 
increases in a group from top to bottom. Halogens are strong 
oxidising agents. 

(vii) Most of them are highly electronegative. The 
electronegativity increases in a period from left to right and 
decreases in a group from top to bottom, 

(viii) Most of them form acidic oxides. 

(ix) No member of p-block series or the salts imparts a 
characteristic colour to the flame. 

(x) Chemical properties change from group to group. It is 
difficult to summarise them. 

(xi) A number of elements of p-block series show the phe¬ 
nomenon of allotropy. Carbon, silicon, phosphorus, sulphur, 
boron, germanium, tin, arsenic, etc., show this property. 

(xii) Catenation property is shown by many elements of 
p-block series such as carbon, silicon, germanium, nitrogen, 
oxygen, sulphur, etc, 

■ (Hi) d-BIOCk Elements (Transition Elements) 

The d-block elements are also called transition metals. In 
these elements, the last electron enteis (w - l)d-subshell id- 
orbitals of the penultimate orbit), Le., (n -1) d-^ubshell is 
gradually filled up. The configuration vari^ from in - l)d^ 
n$^ to in - At certain places, the ccmfigurations are 

different than expected. The general configuration of th^ 
elements can be represented as in - ns^ ^ The 

elements of IIIB, IVB, VB, VIB, VIIB, VHI, IB and IIB belong to 
this block. These elements are also called transition elements 
as their properties are intermediate between s- and p-block 
elements. Transition elements must have incomptete 
penultimate d-subshell, either in the neutral atom or in any 
one of its stable oxidation states. All the transition elements 
are metals. These elements are classified into four series, ie,, 
3d, 4d, 5d and 6d series corresponding to the fiUing of orbitals 


of 3d, 4d, 5d and 6d subshells of third, fourth, fifth and sixth 
energy shells, respectively. Each series starts with a member 
of third group. Every series consists 10 elements each. The 
end members of 3d, 4d, 5d and 6d series are the members of 
second group. The expected configurations of these elements 
are tabulated in Fig. 1.6. The elements marked with asterisk 
(’fr) have different actual configurations. 

3rd group 2nd group 

3d series Sc (21) [Arl 3^1^ 4s^ to Zn (30) [Ar] 3A^ 

(1st transit 
tion series) 

4d series Y (39) [Kr] 4dV to Cd (48) [Kr] 4d“5s^ 

<2nd transi¬ 
tion series) 

*5d series La (57) [Xe] Sihs^ to Hg (80) (Xel 4/“5d’V 

(3rd trar^i- 
tion seri^) 

f6d series Ac (89) [Rn] 6dW to Unb (112) [Rn] 5f'*6d^W 

(4tfi tiansi” 
tion seri^) 

**"1116 elements from Ce (58) to Lu (71) are not included. 

+The elements from Th (90) to Lr (103) are not included. 

General Characteristics of cf^Block Elements 

The general characteristics of d-block elements are : 

(i) They are all metals having high melting and boiling 
points. They are hard in nature and good conductors of heat 
and electricity. They are malleable, ductile and possess high 
tensile strength. They have high densities. 

(ii) The ionisation energies of most of d-block elements lie 
in between those of s and p-block elements. They are less 
electropositive than $-block elements and more electro¬ 
positive than p-block elements. The members of 5d series 
such as Ft, Au, Hg, etc., are inert under ordinary conditions. 
They are called noble metals* 

(iii) d-block elements show variable valency. However, 
members of IIB group (Zn, Cd and Hg) do not show variable 
valency. 

(iv) Most of the compounds formed by d-block elements 
are coloured in the solid state or in solution. 

(v) Paramagnetism is common in d-block elements. This 
is due to the presence of unpaired electrons in (n ~ 1 )d orbitals. 

(vi) Most of the transition elements and their compounds 
act as gocKi catalysis. 

(vii) They have high tendency to form complex 
compounds. 

(viii) They have high tendency to form alloys with other 
metals. 

(ix) They form both ionic and covalent compounds. 

■ (/v) f-BIOCk Elements (Inner-Transition Elements) 

In these elements the last electron enters the (« - 2)f 
energy shell [/-orbitals of the (n - 2) main shell], i.e., (n - 2>/ 
subshell is gradually filled up. The configuration varies 
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3d-series Configuration 

4d-series Configuration 

5d-series Configuration 

6 d-series Configuration 

1 . 

Sc (21) 

3d is gradually filled up 

[Ar] 

Y (39) 

4d is gradually filled up 

[Kr] 4d'5s^ 

La (57) 

5d is gradually fiUed up 

[Xe] 5d'6s^ 

Ac (89) 

6d is gradually filled up 

[Rn] 6d'7s^ 

2 . 

Ti (22) 

[Ar] 3d^4s^ 

Zr (40) 

[Kr] 4d^5s^ 

Hf (72) 

[Xe] 4/'^5d^6s^ 

Rf (104) 

[Rn] 5/ '^6d^7s^ 

3. 

V (23) 

[Ar] 3d^4s^ 

*Nb (41) 

[Kr] 4d^5s^ 
or 

[Kr] 4d^5s' 

Ta (73) 

[Xe] 4/'^5d®6s^ 

Db (105) 

[Rn] 5/'^6d®7s^ 

4. 

*Cr (24) 

[Ar] 3d^4s^ 
or 

[Ar] 3ii®4s' 

*Mo (42) 

[Kr] 4d^5s^ 
or 

[Kr] 4d®5s' 

W (74) 

[Xe] 4/'^5d^6s^ 

Unh (106) 
(Sg) 

[Rn] 5/'^6d^7s^ 

5. 

Mn (25) 

[Ar] 3d®4s^ 

Tc (43) 

[Kr] 4d®5s^ 
or 

[Kr] 4d®5s' 

Re (75) 

[Xe] 4/ '^5d®6s^ 

Uns (107) 
(Bh) 

[Rn] 5/ '^6d®7s^ 

6 . 

Fe (26) 

[Ar] 3d®4s^ 

*Ru(44) 

[Kr] 4dSs^ 
or 

[Kr] 4d^5s' 

Os (76) 

[Xe] 4/'^5d®6s^ 

Uno (108) 
(Hs) 

[Rn] 5/'^6dW 

7. 

Co (27) 

[Ar] 3d^4s^ 

’^Rh (45) 

[Kr] 4d^5s^ 
or 

[Kr] 4d®5s' 

Ir (77) 

[Xe] 4/'^5d^6s^ 

Une (109) 
(Mt) 

[Rn] 5/'^6dW 

8 . 

Ni (28) 

[Ar] 3d®4s^ 

’^Pd (46) 

[Kr] 4d®5s^ 
or 

[Kr] 4d'°5s° 

*Pt (78) 

[Xe] 4/'^5d®6s^ 
or 

[Xe] 4/'^5d®6s' 

Uun (110) 
(Ds) 

[Rn] 5/ '^6d®7s^ 

9. 

*Cu (29) 

[Ar] 3d^4^ 
or 

[Ar] 3d “4s' 

*Ag (47) 

[Kr] 4d®5s^ 
or 

[Kr] 4d'°5s' 

*Au (79) 

[Xe] 4/ ® 6 s^ 

or 

[Xe] 4/'^5d“6s' 

Uuu (111) 
(Rg) 

[Rn] 5/ '^6d®7s^ 
or 

[Rn] 5/'^6d'“7s’ 

10 . 

Zn (30) 

[Ar] 3d“4s^ 

Cd (48) 

[Kr] 4d'®5s^ 

Hg (80) 

[Xe] 4/'^5d'®6s^ 

Uub ( 112 ) 

[Rn]5/'^6d“7s^ 


Fig. 1.6 c^-block elements 


from in - 2)f^ in - l)d} ns^ to in - 2)f in - l)d^ ns^. At 
some places the actual configurations are somewhat 
different than the expected configurations. Thus, the 
general configuration can be represented as in - 2)/^“^^, 
in - Dd^' ^ ^ ns^. All/-block elements belong to 3rd group. 

The/-block elements are of two types: 

(a) 4/-series (Lanthanides): This series has 14 elements 
from Ce (58) to Lu (71). In these elements 4/-energy shell is 
gradually filled up. 

(b) 5/-series (Actinides) : This series also has 14 
elements from Th (90) to Lr (103). In these elements 5/-energy 
shell is gradually filled up. These elements are also called 
inner transition elements. All the elements are acco¬ 
mmodated in 3rd group but separately written in two 
horizontal rows below periodic table. 


if- 

Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 

elements 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

5f- 

Th 

Pa 

U 

Np 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

Fm 

Md 

No 

Lr 

elements 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 


General Characteristics of f-Biock Eiements 

The characteristics of/-block elements are similar to transi¬ 
tion metals, i.e,, d-block elements. The important charac¬ 
teristics are given below: 

(i) All are metals. 

(ii) They show variable valency. +3 is the most important 
oxidation state. Few elements show +2 and +4 oxidation states. 

(iii) They are paramagnetic in nature. 

(iv) They form coloured compounds. 

(v) They have tendency to form complexes. 

(vi) Chemically lanthanides are very similar. It is difficult 
to separate them from a mixture by application of a chemical 
property. The members of the actinide series are also similar 
in chemical properties. 

(vii) The members of actinide series are radioactive in 
nature. Elements above atomic number 92 are not found in 
nature. These are man-made elements. These are called 
transuranic elements. 

1.^ EXTENDED OR LONG FORM 
" OF PERIODIC TABLE 


Note : Lanthanum ( 57 La) and actinium ( 89 AC) are d-block 
elements. They are very similar in properties with 
lanthanides and actinides respectively and are usually 
studied along with them. 


In order to remove the defects of Mendeleev's periodic table, 
a number of tables have been presented for the classification 
of elements. The best table out of these is the extended or long 
form of periodic table which has been shown in Fig. 1,7. 





Periodic Table of the Elements (Long Form) 


CO 


Group 


_f - 

Elements 

u - 


> - p>B(ock Elements-- 


lA^ 


New Notation - 
CAS Version ■ 


-►17 18 


-►VIIA 


Period 

ii 


1 11 

H 

Hydrogen 

1,008 


2 

IIA 


3 Q 

Li 

Lithium 

6.941 


11 n 

Na 

Sodium 

22.990 


4 H 

Be 

Beryllium 

9.0121 


STATE 

Gas[g>- 

Liquid Pi 
Solid [S] 

Not found in nature 


Key to Chart 



- Atomic 
number 

- Symbol 

- Name 

- Atomic 
mass • 


13 14 

IIIA IVA 


15 

VA 


16 

VIA 


12 H 

Mg 

Magnesium 

24.305 


- d-Block Elements (Transition Metals) - 


5 . [ 

'B. 

Boron 
1 , 0 ,Sir 


3 

lilB 


4 

IVB 


5 

VB 


VIB 


7 

VIIB 


8 


9 

VIII 


10 


11 

IB 


12 

IIB 


13 S 

Al 

Aluminium 

26.982 


6 0 

c 

Carbon 

12.011 


14'.0 

St 

silicon 

28.086 


7 d 

N 

Nitrogen 

14.007 


15 H 

P 

Phosphorus 

30.914 


8 d 

O 

Oxygen 

15.999 


16 0 

S 

Sulphur 

32.066 


1 \3 

H 

Hydrogen 

1.008 


9 B 

Fluorine 

18,998 


17 H 

Cl 

Chlorine 

35.453 


2 H 

He 

Helium 

4.003 


10 d 

Ne 

Neon 

20.180 


18 [( 

Ar 

Argon 

39.948 


19 m 

K 


Potassium 
‘ 39.098 


20 Hi 

Ca 

Calcium 

^.078 


21 [I 

Sc 

Scandium 

44.956 


22 Ell 

Ti 

Titanium I 
47.867 ! 


23 El 

V 

Vanadium 

50.942 


24 m 

Cr 

Chromium 

51.996 


25 II 

Mn 

Manganese 

54.938 


26 B 

Fe 

Iron 

55.845 


27 I 

Co 

Cobalt 

68.933 


28 01 

Ni 

Nickel 

58.693 


29 0 

Cu 

Copper 

63.546 


30 B 

Zn 

Zinc 

65.39 


31 32 

GalGe 

Gallium I Germanium 
69.723 i 72.61 


33 0 

As 

Arsenic 

74.922 


34 B 

Se 

Selenium 

78.96 


35 m 

Br 

Bromine 

79.904 


36 m 

Kr 

Krypton 

83.30 


37 11 

Rb 

Rubidium 

85.468 


^ [s 

Sr 

Strorttium 

87.62 


39 11 

Y 

Yttrium 

88.906 


40 m 

Zr 

Zirconium 

91.224 


41 [S 

Nb 

Niobium 

92.906 


42 H 

Mo 

Molybdenum] 
95.94 


43 13 

Tc 

Technetium 

m) 


44 ll! 

Ru 

Ruthenium 

101.07 


45 H 

Rh 

Rhodium 

102.906 


46 S 

Pd 

Palladium 

106.42 


47 dl 

Ag 

Silver 

107.868 


48 IS 

Cd 

Cadmium 

112.411 


49 d 50 0 

In Sn 


Indium 

114.818 


Tin 

118.710 


51 [S 

Sb 

Simony 

121.760 


62 0 


Tellurium 


53 U 

I 

Iodine 

126.904 


54 L? 

Xe 

Xenon 

131.29 


55 1 

Cs 

Cesium 

132.906 


56 d| 

Ba 

Barium 

137.327 


57 11 

La 

Lanthanum] 

138.906 


72 H 

Hf 

Hafnium 

178,49 


73 m 

Ta 

Tantalum 

180.948 


74 H 

W 

Tungsten 

183.84 


75 U 

Re 

Rhenium 

18S.207 


76 d 

Os 

Osmium 

190.23 


77 d 

Ir 

liidium 

192.217 


78 d 

Pt 

Platinum 

195.078 


79 [1 

Au 

Gold 

196.967 


80 ii 

Hg 

Mercury 

200,59 


81 


82 d| 

TI Pb 


Thallium 

204,383 


Lead 

207.2 


83 Ii 

Bi 

Bismuth 

2(B.980 


04 


Polonium 

(209) 


85 ii 

At 

Ast^ine 

(aio) 


86 Eli 

Rn 

Radon 

( 222 ) 


87 [s 

Fr 

Frandum 

(223) 


88 W 

Ra 

Radium 

(228) 


89 EH 

Ac 

Actinium 

(227) 


Key 

I I Metals 
I I Metalloids 
I I Nonmetals 


104 0 

Rf 

iRutherfordiuml 
(261) 


105 [xl 

Db 

Dubnium 

(262) 


106 Hi 

sg 

Seaborgiumj 
(263) I 


107 0 

Bh 

Bohrium 
(262) ! 


loan 

Hs 

Hassium 

(265) 


10913 

Mt 

Meitnerium 
(266) , 


non 

Ds 

DarmstadtiumI 
(289) 


111 H 

Rg 

Rontgenium 
(272) I 


112 m 

UubI 

Ununbium 

(285) 


113 0 

Uut 

Ununtrium 

(284) 


114 0 

Uuq 

Unur^quadium 
(289) 


1151 

Uup| 

Ununpentium 
(292) 


116 m 

Uuh 

Ununhexium 
(292) 


117 


118 01 

Uuo 

UnunocBum 

(294) 


-/-Block Elements (Inner-Transition Metals) 


1 

1 

j^^Lanthanides 

58 d 

Ce 

59 d 

Pr 

60 11 

Nd 

61 H 

Pm 

62 d 

Sm 

63 d 

Eu 

64 d 

Gd 

65 d 

Tb 

66 d 

Dy 

67 d 

Ho 

68 d 

Er 

69 d 

Tm 

70 0 

Yb 

71 d 

Lu 


Cerium 

140.116 

Praseodymium 

140.908 

N^dymtum 

144.908 

Promethium 

(145) 

Samarium 

150.36 

Europium 

151.964 

Gadolinium 

157.25 

Terbium 

158.925 

Dysprosium 

162.50 

Holmium 

164.930 

Erbium 

167.26 

Thulium 

168,934 

Ytterbium 

173.04 

Lutetium 

174.967 


90 d 

91 d 

92 El 

93 H 

94 H 

95 H 

96 0 

97 H 

98 H 

99 H 

100(3 

101 0 

10213 

103 H 

♦♦ActlnWes 

Th 

Pa 

U 

Np 

Neptunium 
^ (237) _ 

Pu 

Am 

Cm 

CD 

Cf 

Es 

Fm 

Md 

No 

Lr 


Thorium 

232.038 

Protactinium 

231.036 

Uranium 

238.029 

Plutonium 

(244) 

Americium 

(243) 

Curium 

(247) 

Berkelium 

(2‘t7) 

Californium 

(251) 

Einsteinium 
;_gsi_ 

Fermium 

(257) 

Mendelevium 

(258) 

Nobelium 

(259)_ 

Lawrendum 

i.igggL.......... 


Fig. 1.7 A Modern form of the Periodic Table 

ilote : (1) The new lUPAC format numbers the group from 1 to 18. The previous IUPAC numbering system and the system used by Chemical Abstracts Service (CAS) are also shown. For radioactive elements that 
do not occur in nature, the mass number of the most stable isotope is given in brackets with the longest half-life. 

(2) The symbols for elements 104-111 used In this table are those proposed by the American Chemical Society and 112-118 proposed by lUPAC. 

(3) There is no general agreement on the metalloids. Almost every list includes Si, Ge, As, Sb and Te but some also include B, At and Po in the list. 
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The credit for this table cannot be given to any single 
person but it incorporates the modifications suggested by 
many scientists, especially Rang, Werner, Bohr, Bury, etc. 
The table is most widely used these days and is also referred 
to as Bohr's table, since it follows the Bohr scheme of the 
arrangement of elements into four types based on electronic 
configuration of the elements. This table is just a graphical 
representation of the aufbau principle. 

■ structural Features of the Long Form 
of the Periodic Table 

Like Mendeleev's periodic table, the long form of the 
periodic table consists of horizontal rows called periods and 
vertical columns called groups. These are described below: 

PERIODS : 

Periods are numbered as 1, 2, 3,4, 5, 6, and 7 from top to 
bottom. The period number corresponds to the value of 
n, i,e., principal quantum number for the outermost or valence 
shell of the atoms of the elements belonging to that period. 
Number of elements in each period is twice of the atomic 
orbitals available in the energy level that are being filled. 

1st Period : In the first period, the first main energy shell 
(K shell i.e., n = 1) is filled. As it has only one orbital which 
can accommodate only two electrons, i.e., only two elements 
are present. The first period consists of hydrogen (Is^) and 
helium (Is^). 

2nd Period : In the second period, the second energy 
shell (L-sheU i.e., n ~ 2) is completed. This energy shell has 
four orbitals, one 2s and three 2p orbitals, which can 
accommodate eight electrons and therefore, second period 
has eight elements from Li (2s^) to Ne (2s^2p^). 

3rd period : This period corresponds to the filling of 
third energy shell, i.e., n = 3. There are nine orbitals, one 3s, 
three 3p and five 3rf“Orbitals in this shell. However, on the 
basis of aufbau principle, the 3d orbitals are higher in energy 
than 4s orbital. Thus, 3d orbitals are filled after filling of 4s 
orbital. Hence, only four orbitals, one 3s and three 3p orbitals 
are filled in this period. Consequently, this period, contains 
8 elements from Na (3s^) to Ar (3s^3p^). 

4th period : The fourth period corresponds to the filling 
of fourth energy shell, i.e., n = 4. Out of 4s, 4p, 4d and 


4/-9rbitals, the energies of 4d and 4/ orbitals are higher than 
5s orbital. Thus, 4s and 4p-orbitals are filled. However in 
between 4s and 4p-orbitals, five 3d-orbitals are also filled as 
their energies lie in between those orbitals. Hence, nine 
orbitals, one 4s, five 3d and three 4p-orbitals are filled. The 
fourth period contains 18 elements from potassium (4s^) to 
krypton (3d^^4s^4p^). This period, therefore, includes first 
rf-block series from scandium (Z = 21, 3d 4s ) to Zinc (Z = 
30,3d^^4s^). Two s-block elements, ten d-block elements and 
six p-block elements are present. 

5th period : Like fourth period, it also accommodates 18 
elements as nine orbitals, one 5s, five 4rf and three 5p orbitals 
are filled. It includes elements from rubidium (5s^) to xenon 
(4rf^^5s^5p^). This period, therefore, contains second rf-block 
series from yttrium (Z = 39, 4rf 5s ) to cadmium (Z = 48, 
4rf 5s ). Two s-block, ten rf-block and six p-block elements 
are present in this period. 

6th period : The 6s, 4/, 5d and bp-orbitals {i.e., sixteen 
orbitals) are filled accomfhodating 32 elements from caesium 
(6s^) to radon (4/^^5rf^^6s^6p^). This period includes third 
rf-block series from lanthanum (Z = 57, 5d 6s —Here aufbau 
principle is violated) to mercury (4/^^5rf^^6s^). The filling of 
4/-orbitals begins from cerium (Z = 58,4/ 5d 6s ) and ends 
up at lutetium (Z = 71,4/^^ 5d^ 6s^), These fourteen elements 
constitute 4/-series (Lanthanides). As the period can 
accommodate to the maximum of 18 elements, these 14 
elements of 4/-serieS are separately placed in a horizontal 
row below the periodic table. 

7th penod : Like sixth period, seventh period is also 
expected to accommodate 32 elements corresponding to 
filling of sixteen orbitals, i.e., one 7s, seven 5f, five 6d and 
three 7p orbitals. However, at present this period is 
incomplete consisting 31 elements. One element of p-block 
bearing atomic numbers 117 is to be discovered to complete 
this period. The period includes two s-block elements, 
lOd-block elements, 14/-block elements and five p-block 
elements at present. 14 members of 5/-series (actinides) are 
also separately accommodated in a horizontal row below the 
periodic table like 4/-series. 

The number of elements and the corresponding orbitals 
being filled are given in the following table : 


Period 

Energy level 
being filled 

Orbitals being 
filled 

First 

member 

Last 

member 

Total number of electrons or 
elements in the period 

1 

n = 1 

Is 

H (Z = 1) 

He 

(Z = 2) 

2 

= 2 

2 

n = 2 

2s 2p 

Li (Z = 3) 

Ne 

(Z = 10) 

2 + 6 

= 8 

3 

n = 3 

3s 3p 

Na (Z = 11) 

At 

(Z = 18) 

2 + 6 

= 8 

4 

« = 4 

4s 3d 4:p 

K (Z = 19) 

Kr 

(Z = 36) 

2 + 10 + 6 

= 18 

5 

n = 5 

5s 4d 5p 

Rb (Z = 37) 

Xe 

(Z = 54) 

2 + 10 + 6 

= 18 

6 

n = 6 

6s 4/ 5d 6p 

Cs (Z = 55) 

Rn 

(Z = 86) 

2 + 14 + 10 + 6 

= 32 

7 

n = 7 

7s 5/ 6d 7p 

Fr (Z = 87) 

Uuo 

(Z = 118)^ 

2 + 14 + 10 + 6 

= 32* 


At present 31 elements are known. Element with atomic numbers 117 is yet to be discovered. 
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They are p-block elements and their number is quite low. Six 
of the nonmetals carbon, boron, phosphorus, sulphur, 
selenium and iodine are solids. Bromine is the only liquid 
nonmetal at room temperature. The remaining nonmetals— 
nitrogen, oxygen, fluorine, chlorine, hydrogen and noble 
gas^ are gases. Nonmetals are generally (i) brittle 

(ii) nonlustiptls' (iii) have low melting and boiling points 
(carbon boron are exceptions) (iv) nonconductors of 
heat (v) capable of forming acidic oxides (vi) do not evolve 
hydrogen from acids. 


Period 


n Reactive Metals Q Metalloids 
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Fig. 1.10 Blocks of elements representing similar 
properties in the periodic table 


Metalloids : 

There are some elements which do not fit completely into ♦ 
either metal or nonmetal class. Elements which have mixed 
properties of metals and nonmetals both are called semi¬ 
metals or metalloids. Silicon, germanium, arsenic, antimony 
and tellurium are metalloids. But some scientists include 
boron, polonium and astatine also in the list of metalloids. 

In most respects, metalloids behave as non-metals, both 
chemically and physically. However, in their most important 
physical property, the electrical conductivity, they somewhat 
resemble metals. Metalloids tend to be semiconductors; they 
conduct electricity, but not nearly so well as metals. This 
property, particularly found in silicon and germanium, is 
responsible for the remarteble pmgress made during the last 
fifty years in the field of solid-state electronics. The operations 
of every computer, audio system, TV receiver, DVD or CD 
player relies on transistors made from semicondiictois. 

In periodic table, the metallic character increases from 
top to bottom in a group while metallic character decreases 
from left to right along a period. 


■ Superiority of the Long Form of the Table 
over Mendeleev’s Periodic Table 


(i) This table is based on a more fundamental property, 
ie., atomic number. 

(ii) It correlates the position of the element with its 
electronic configuration more clearly. 


(iii) The completion of each period is more logical. In a 
period as the atomic number increases, the energy shells are 
gradually filled up until an inert gas configuration is 
reached. It eliminates the even and odd series of IV, V and 
VI periods of Mendeleev's periodic table. 

(iv) The position of VIII group is appropriate in this table. 
All the transition elements have been brought in the middle 
as the properties of transition elements are intermediate 
between s- and p-block elements. 

(v) Due to separation of two subgroups, dissimilar 
elements do not fall together. One vertical column aa:o- 
mmodates elements with same electronic configuration 
thereby showing same properties. 

(vi) In this table a complete separation between metals and 
nonmetals has been achieved. The'nonmetals are present in 
upper right comer of the periodic table. 

(vU) There is a gradual change in properties of the ele¬ 
ments with increase in their atomic numbers, i.e,, periodicity 
of properties can be easily visualised. The same properties 
of recurrence in properties occur after the intervals of 2,8,8, 
18, 18 and 32 elements which indicates the capacity of 
various periods of the table. 

(viii) This arrangement of elements is easy to remember 
and reproduce. 

■ Defects of Long Form of Periodic Table 

The long form of periodic table has following defects: 

(i) Position of hydrogen : The position of hydrogen is 
not fixed in this table also. It is placed either in lA or in VIIA 
group. 

(ii) Position of lanthanides and actinides : No 

individual places have been assigned to these 28 elements 
in the periodic table, 

(iii) This table does not reflect the exact distribution of 
electrons among all the orbitals of the atoms of aU the 
elements. 

■ 

1.III POSITION OF AN ELEMENT ON THE 

BASIS OF ELECTRONIC CONFIGURATION 

The block, period and group of an element can be easily 
decided from its electronic configuration of the element 
(Fig. 1.4). 

(i) The block of the element is decided on the basis of the 
type of the orbital on which the last electron is acco¬ 
mmodated. If the last electron enters into s-subsheU or 
p-subshell or d-subshell or /-subshell, then the element 
belongs to s-block or p-block or d-block or/-block respectively. 

(ii) The period to which an element belongs depends on 
the total number of orbits (shells) on which electrons are 
present. 

or 

The serial number of the period conesponds to the 
principal quantum number (p.q.no.) of the outermost shell 
on which the electrons are present. 
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Cl 17 2, 8, 7 

[Ne] 

belongs to 

Three orbits 

p.q.no. 3 

3rd period 

Pb 82 2, 8, 18, 32, 18, 4, 

[Xe] 4/ ^^5d^%s^6p^ 

belongs to 

Six orbits 

p.q.no. 6 

6th period 


(iii) To dedde about the group number (TUPAC), the 
number of electrons present on the outermost shell or / and 
penultimate shell [next to the outermost, i.e., (n -1) shell] are 
counted. 

(a) If the last orbit contains 1 or 2 electrons, the group 
number is 1 or 2 respectively (Helium is an exception which 
belongs to group 18). There should not be any d-orbital in 
the penultimate shell, i.e., in the penultimate shell either 2 
electrons [(n *- l)s^] or 8 electrons [in - Ds^p^] electror^ are 
present. 


1 

ns — 

1st 

group 

ns^ ——> 2nd 

group 

K 

19 

2, 8, 8, 0 

[At] 4s’ 

Group 1 

Sr 

38 

2, 8, 18, 8, [I] 

[Kr] 5s^ 

Group 2 

Be 

4 

2,0 

[He] 2s^ 

Group 2 

Li 

3 

2,[T] 

[He] 2s' 

Group 1 


(b) If the last orbit has 3 or more electrons, then the group 
number is the sum of electrons in the last orbit plus 10. Such 
an element belongs to p-block. 

S 16 2,8,6 [Ne] 6 + 10 = 16 

i,e„ 16th group 

Ge 32 2,8,18,4 [At] 4 + 10 = 14 ' 

Le., 14th group 

Xe 54 2,8,18,18,8 [Kr] 4£i’°5s%p‘ 10 + 8=18 

i.g., 18th group 

At 8 5 2,8,18,32,18,7 [Xel if*5d%shp^ 10 + 7 = 17 

i.e., 17th group 


enthalpy, valency, screening effect, effective nuclear charge 
and electronegativity are the properties of individual atoms 
and directly dependent on their electronic configurations. 

(ii) Properties of group of atoms : Properties such as 
melting point, boiling point, heat of fusion, heat of vapo¬ 
rization, density, atomic volume, etc., are the properties of 
group of atoms together and are indirectly related to their 
electronic configurations. 

All these properties which are directly or indirectly 
dependent on the electronic configuration of the elements 
are called atomic properties. 

Since electronic configurations of the elements are periodic 
function of atomic numbers of the elements, therefore, these 
atomic properties are also a periodic function of atomic 
numbers of the elements. On account of th^, atomic properties 
are also called periodic properties. 

■ Periodicity in Properties 

The rigid meaning of the word periodic is that a particular 
property is repeated in a system at regular intervals. The term 
periodicity in properties in the classification of elements 
means that same properties of the elements reappear at 
definite intervals when the elemente are arranged in the 
order of their increasing atomic numbers. In modern periodic 
table, these intervals are 2, 8, 8, 18, 18 and 32, i.e., similar 
properties are observed with elements belonging to the same 
subgroup which have been arranged in subgroups after the 
difference of either 2 or 8 or 18 or 32 in atomic numbers as 
similar valency-shell electronic configurations recur after 
certain regular intervals of atomic number. This is the cause 
of periodicity in properties. 

The real meaning of the word periodic in any classifi¬ 
cation of elements is that when the elements are arranged in 


(c) If the last orbit contains 1 or 2 electrons and 
in - l)d"Orbitals where electrons are present, then group 
number is equal to the sum of electrons in the last orbit and 
in - l)d“Orbitals. Such an element belongs to d-block. 

Cr 24 2,8,8 +5,1 [Ar] 3/4s^ 5 + 1 = 6 

6th group 

Cu 29 2,8,8 +10,1 [At] 3«i"4s^ 10 + 1 = 11 

i.e., 11th group 

Ru 44 2,8,18, 8 +7,1 [Kr] 4/5s* 7 + 1=8 

i.e., 8th group 

Hf 72 2,8,18, 32, 8 + 2,2 [Xe] 2 + 2 = 4 

i.e., 4th group 

1.^ ATOMIC PROPERTIES OR PERIODIC 
PROPERTIES OF ELEMENTS 


The physical properties of the elements can be divided into 
two categories: 

(i) Properties of individual atoms: Properties such as 
atomic and ionic radii^ ionisation enthalpy, electron gain 


order of their increasing atomic numbers in the same period 
or a group, there is gradual change He., increase or decrease) 
in a particular property. In a period, the gradual change is 
due to the gradual change of electronic configuration from 
member to member. Some of the properties which depend on 
electronic configuration of elements such as screening effect, 
effective atomic number, atomic radii, ionic radii, ionisation 
potential, electron affinity, electronegativity, etc., follow the 
general trend of periodicity. 

In a group, the chemical properties of the elements remain 
nearly the same due to same valence shell configuration. 
There is gradual change in physical properties due to 
gradual change in the size of atoms due to start of new energy 
shell. 

We shall discuss now the periodicity or periodic trends 
in some of the properties such as screening effect, effective 
nuclear charge, atomic and ionic radii, ionisation enthalpy, 
electron gain enthalpy, electronegativity, etc. We shall restrict 
our study specially in the case of s- and p-block (i.e., normal 
or representative) elements. 
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1.103 THE SCREENING EFFECT OR 
SHIELDING EFFECT 

In a miiltielectron atom, the electrons of the valency shell 
(outermost shell) are attracted towards the nucleus and also 
these electrons are repelled by the electrons present in the 
inner shells. On account of this, the actual force of attraction 
between the nucleus and the valency electrons is somewhat 
decreased by the repulsive forces acting in opposite 
direction. This decrease in the force of attraction exerted 
by the nucleus on the valency electrons due to the presence 
of electrons in the inner shells, is called screening effect or 
shielding effect. The magnitude of the screening effect 
depends upon the number of inner electrons, z.e., higher the 
number of inner electrons, greater shall be the value of 
screening effect. The screening effect constant is represented 
by the symbol 0. The magnitude of is determined by the 
Slater's rules. The contribution of inner electrons to the 
magnitude of '0' is calculated in the following ways: 

■ For ns or np Orbital Electrons 

(i) Write the electronic configuration of the element in the 
following order and group them as, 

(Is), (2s 2p), (3s 3pl (3d), (4s 4p), (4d 4/), (5s 5p), 
(5d 5/), (6s 6p), etc. 

(ii) Electrons to the right of the (ns, np) group are not 
effective in shielding the ns or np electrons and contribute 
nothing to 0. 

(iii) All other electrons in the (ns, np) group contribute to 
the extent of 0.35 each to the screening constant (except for 
Is for which the value is 0.30). 

(iv) All the electrons in the (n - l)th shell contribute 0.85 
each to the screening constant. 

(v) All the electrons in the (n - 2)th shell or lower contri¬ 
bute 1.0 each to the screening constant. 

■ For d- or f-electrons 

Rules (i) to (iii) remain the same but rules (iv) and (v) get 
replaced by the rule (vi). 

(vi) All the electrons in the groups lying left to (nd, nf ) 
group contribute 1.0 each to the screening effect. 

Example 1. Calculation of screening constants of alkali 
metals for valency electrons. 


Li 

2, 1 = 2 X 0.85 

= 1.7 

Na 

2, 8,^]L^8 X 0.85 + 2x1 

= 8.8 

K 

2, 8, 83 = 8 X 0.85 + 10 x 1 

= 16.8 

Rb 

2, 8, 18, 8, 1 = 8 X 0.85 + 28 x 1 

= 34.8 

Cs 

2, 8, 18, 18, 8,1 = 8 X 0.85 + 46 x 1 

= 52.8 


Example 2. Calculation of screening constants of members 
of second period for valency electrons. 

Li 2,1=2x0.85 =1.7 

Be 2, 2 = 0.35 + 2 x 0,85 = 2.05 
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B 

2,3 

= 2 X 0.35 + 

2x0.85 

= 2.40 

C 

2,4 

= 3 X 0.35 + 

2 x 0.85 

= 2.75 

N 

2,5 

= 4 X 0.35 + 

2 X 0.85 

= 3.10 

O 

2, 6 

5 X 0.35 + 

2 X 0.85 

= 3.45 

F 

2,7 

= 6 X 0.35 + 

2 X 0.85 

= 3.80 

Ne 

2,8 

= 7 X 0.35 + 

2 X 0.85 

= 4.15 


Example 3, Calculation of screening constants in zinc (a) 
for a 4s-electron (b) for a 3d-electron. 

(a) The electronic configuration of zinc (30) is, 

(Is)^ (2s 2pf (3s 3pf Od)^%s)^ 

0 = 10 X 1.0 + 18 X 0.85 + 1 X 0.35 = 25.65 

(b) For 3d-electron, 

0 = 18 X 1.0 + 9 X 0.35 = 21.15 

It is clear from the examples (1) and (2) that the magnitude 
of screening constant in the case of s- and p-block elements 
increases in a period as well as in a group as the atomic 
number increases. 

From the example (3), it is evident that the electrons in 
different orbitals are differently affected by the same 
nuclear charge depending upon their proximity to the 
nucleus. 

1.11| EFFECTIVE NUCLEAR CHARGE 

Due to screening effect the valency electron experiences less 
attraction towards nucleus. This brings decrease in the 
nuclear charge (Z) actually present on the nucleus. The 
reduced nuclear charge is termed effective nuclear charge 
and is represented by Z'*'. It is related to actual nuclear charge 
(Z) by the following formula: 

5f- 

Z = (Z -* 0 ), where 0 is screening constant. 

It is observed that magnitude of effective nuclear charge 
increases in a period when we move from left to right. 


n period 

Li 

Be 

B 

C 

N 

O 

F 

Ne 

Z 

3 

4 

5 

6 

7 

8 

9 

10 

0 

1.7 

2.05 

2.40 

2.75 

3.10- 

• 3.45 

3.80 

4.15 

Z* = (Z- a) 

1,3 

1.95 

2.60 

3.25 

3.90 

4.55 

5.20 

5.85 


In a subgroup of normal elements the magnitude of 
effective nuclear charge remains almost the same. 


Alkali group 

Li 

Na 

K 

Rb 

Cs 

Z’ 

3 

11 

19 

37 

55 

0 

1.7 

8.8 

16.8 

34.8 

52.8 

Z* = (Z - a) 

1.3 

2.2 

2.2 

2.2 

2.2 

IIA group 

Be 

Mg 

Ca 

Sr 

Ba 

Z 

4 

12 

20 

38 

56 

G 

2.05 

9.15 

17.15 

35,15 

53.15 

Z* = (Z- a) 

1.95 

2.85 

2.85 

2.85 

2.85 


1.1 si ATOMIC RADIUS 

An atom is assumed to be spherical in shape and, thus, the 
size of atom is generally given in terms of radius of the 
sphere and is called atomic radius. It is usually defined as 
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the distance between the centre of the nucleus and outer¬ 
most shell where electron or electrons are present. The exact 
measure of atomic radius is not easy due to following reasons: 

(i) The atom does not have well defined boundary. The 
probability of finding the electron is never zero even at large 
distances from the nucleus. 

(ii) It is not possible to get an isolated atom. The electron 
density around an atom is affected by the presence of 
neighbouring atoms, Le., the size of the atom changes in 
going from one set of environment to another. 

(iii) The size of an atom is very small, of the order of about 
1.2A, f.e,, 1.2 X m. 


An estimate of the size of the atom can,.however, be made 
by knowing the distance between the atoms in the combined 
state. The distance between the atoms, ie., bond lengths are 
generally measured by the application of techniques such as 
X-ray diffraction, electron diffraction, infrared spectroscopy, 
nuclear magnetic resonance spectroscopy, etc. However, 
bond lengths change with different type of bonding. Three 
types of radius are commonly used, i.e., (a) covalent radius 

(b) crystal radius (c) van der Waals' radius. 

(a) Covalent radius : Covalent radius is defined as half 
of the distance between two nuclei of two like atoms 
bonded together by a single 
covalent bond. Consider a homo- 
nuclear diatomic molecule A 2 , 
bonded together by single covalent 
bond. It is assumed that electron 
clouds of each atom touch each 
other. Let the bond length be Fig. 1.11 

4_>i. Then + r,i = 2r^. 



So 


^A = 


^A—A 

2 


In a hetero-nuclear diatomic AB molecule if both atoms 
are linked by a single covalent bond and have nearly same 
electronegativity, the bond length is equal to sum of 
covalent radius of the two atoms. 


B = 

Knowing the bond length and covalent radius of one of 
the atoms, the radius of the other atom can be determined. 
Covalent radius is used for non-metals. 

[When there is large difference in the electronegativity of 
two elemenfs A and B, the bond between A and B will have 
somewhat ionic character and the bond length B be 
shorter than expected. In such cases, the following relation¬ 
ship should be used : 

+ tb “ 0.09(X^ - Xg) 

and Xb are the electronegativities of elements A and 
B.] 

For example, 

(a) Bond length Wh—h) hydrogen molecule is 0.74A. 

0.74 

Covalent radius of hydrogen = — ~ —=— ~ —0.37 A 

(b) Bond length (da_^i) in chlorine molecule is 1.98A. 


Covalent radius of chlorine = = .— — = 0,99 A 

2 2 

(c) Bond length (dc-~c) diamond is 1,54A. 

dr—c 1-54 

/. Covalent radius of carbon = —^ 5 ^ 

(d) Bond length in carborundum is 1.93A. 

.*« d5j__(2 = Tqi + Tq 

or 1.93 = rsi + 0.77 rc = 0.77A) 

or rsi = 1.93 - 0.77 = l.lbA 

(e) Bond length {dc_^) in CCI 4 is 1.76A. 

Cl = + ^Ci 

or 1.76 = rc + 0.99 (*.‘ rc\ = 0.99A) 

or rc = 1.76 - 0.99 - 0.77A 

Note ; Elements may have multiple bonds in compounds 
which aie always shorter than single bonds. 

c—c, c = c, c = c 

1 . 54 A I.33A I.20A 

The double and triple bond radii are calculated in the similar 
fashion as single covMent radius. 

Double bond radius of carbon = 1.33/2 = 0.665A 

Triple bond radius of carbon = 1.20/2 ^ 0.60A 

The double and triple bond radii of an atom are approxi¬ 
mately 0.87 and 0.78 times the single bond radius respectively. 

(b) Crystal Radius : It is u^d for metal atoms which 
are assumed to be closely packed spheres in the metallic 
crystal, Le., atoms are supposed to touch one another; It is 
defined as one half the distance between the nuclei of two 
adjacent metal atoms in the metallic closed packed crystal 
lattice in which the metal exhibits a coordination number 
of 12. It is also called metallic radius. 

For example, the distance between the two adjacent 
potassium atoms in solid potassium is 4,62A. Therefore, the 
metallic radius of potassium is 4.62/2 = 2.31 A. 


A metallic radius is always longer than covalent radius. 


Metal 

Covalent radius (A) 

Crystal radius (A) 

Sodium 

1.54 

1.86 

Potassium 

2.03 

2.31 

Copper 

1.17 

1.28 

Barium 

i:98 

2.22 

Aluminium 

1.20 

1.43 


Atomic radius is expre^ed either in nanometre (1 nm = 10 ^ m) or 
in angstrom (1 A = 10“^^ m) or in picometre (1 pm = 10”^^ m). 


(c) van der Waals’ radius : It is half of the distance 
between the nuclei of two non-bonded neighbouring atoms 
of two adjacent molecules in solid state. 

^(covalent) 



^(van der Waals*) 

Fig. 1.12 Comparison of covalent and van der Waals' radius 
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The magnitude of the van der Waals" radius depends 
upon the packing of molecules of the element in solid state. 
For example, the distance between adjacent chlorine atoms 
of the two neighbouring molecules in solid state is 3.6A. 
Therefore, the van der Waals' radius of chlorine is 
3.6/2 = 1,8 A. 

van der Waals' radius of an element is always larger than 
its covalent radius. 

A comparison of three types of radius shows that covalent 
radius of an atom is shortest while van der Waals' radius is 
the longest. 

van der Waals' radius > Crystal radius > Covalent radius 

van der Waals" forces are weak, thus the distances 
between the atoms held by these forces are much larger than 
held by covalent bonding. A covalent bond is formed by 
overlap of two half filled atomic orbitals, thus a part of the 
electron cloud becomes common between two atoms. Due 
to these reasons van der Waals' radius is always higher than 
covalent radius. In case of a crystal, the valence electrons of 
the atoms are mobile, therefore, they are only weakly 
attracted. The metallic forces are thus weaker than covalent 
forces. On account of this, crystal (metallic) radius is larger 
than covalent radius. 

[van der Waals' forces < Metallic forces < Covalent forces] 

Note ; For simplicity, we may use the term atomic radius for both 
covalent or crystal (metallic) radius depending on whether the element is 
a non-metal or a metal However, the atomic radii of inert gases are 
usually expressed in terms of van der Waals' radii as they do not form 
chemical compounds. 

■ Variation of Atomic Radii 

(a) Variation in a Period: As we move from left to right 
across a period, there is regular decrease in atomic radii of 
the representative elements, TTiis is due to the fact that 
number of energy shells remain the same in a period but 
nuclear charge increases gradually as the atomic number 
increases. This increases the force of attraction towards 
nucleus which brings contraction in size. This can also be 
explained on the basis of effective nuclear charge which 
increases gradually in a period, i.e., electron cloud is attracted 
more strongly towards nucleus as the effective nuclear charge 
becomes more and more as we move in a period. The 
increased force of attraction brings contraction in size. 


Atomic radius - (Zeff, = Z ~ o) 

^eff. 

Zeff. = Effective nuclear charge; Z = Atomic number; 


G = Shielding effect 







2nd period 

Li 

Be 

B 

C 

N 

O 

F 

~ iZ - d) 

( 3 ~ L 7 ) (4 

-2.05) 6 

-2.40) (6 

- 2 . 75 ) (7 

- 3 . 10 ) (8 

- 3 . 45 ) (9 

- 3 . 80 ) 


= 1.3 

= 1.95 = 2.60 = 

= 3.25 = 

= 3.90 

4.55 

= 5.20 

Atomic 

1.23 

0.89 

0.80 

0.77 

0.75 

0.73 

0.72 


radius (A) 

(b) Variation in a Group : Atomic radii in a group 
increase as the atomic number increases. The increase in 
size is due to extra energy shells which outweigh the effect 
of increased nuclear charge. The following table illustrates 


the periodicity in atomic radii (covalent radii) of repre¬ 
sentative elements. The radii are in angstroms. 


Period/Group 

I 

II 

III 

IV 

V 

VI 

VII 

i 1 

H 








0.37 







2 

Li 

Be 

B 

C 

N 

O 

F 


1.23 

0.89 

0.80 

0.77 

0.75 

0.73 

0.72 

3 

Na 

Mg 

A1 

Si 

P 

S 

Cl 


1.54 

1.36 

1.20 

1.17 

1.10 

1.04 

0-99 

4 

K 

Ca 

Ga 

Ge 

As 

Se 

Br 


2.03 

1.74 

1.26 

1.22 

1.20 

1.16 

1.14 

5 

Rb 

Sr 

In 

Sn 

Sb 

Te 

I 


2.16 

1.91 

1.44 

1.41 

1.40 

1.36 

1.33 

6 

Cs 

Ba 

Tl 

Pb 

Bi 

Po 



2.35 

1,98 

1.48 

1.47 

1.46 

1.46 



Decreases 


The atoms of zero group elements do not form chemical 
bonds. Hence, their van der Waals' radii are considered 
which are always larger than covalent radii of halogens. 

He Ne Ar Kr Xe 

van der Waals' radii (A) 120 1.60 1.91 2.00 2.20 

The decrease in the size of transition elemente is small 
since the differentiating electrons enter into inner'd' levels. 
The additional electrons into in - \)d levels effectively screen 
much of increased nuclear charge on the outer ns electrons 
and therefore, size remains almost constant. 

Element Sc Ti V Cr Mn Fe Co . Ni Cu 

Atomic radius A 1.44 1.32 1.22 1.18 1.17 1.17 1.16 1.15 1.17 
(Covalent) 

However, in vertical columns of transition elements, there 
is an increase in size from first member to second member as 
expected but from second member to third member, there is 



Fig. 1,13 Variation of atomic radii (covalent) in a period 

very small change in size and sometimes sizes are same. This 
is due to Lanthanide contraction (in the lanthanide elements 
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differentiating electrons enter into 4/ levels. Since these 
electrons do not effectively screen the valency electrons from 
the increased nuclear charge, the size gradually decreases. 
This decrease is termed lanthanide contraction). 



Fig. 1.14 Variation of atomic radius (covalent) down a group 
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Fig. 1,15 Variation in atomic radii in periods 
(Metallic radii for metals and cx)valent radii for non-metals) 



Element Ce Pr Nd Pm Sm ... Tb ... Lu 

Atomic radius A 1.65 1.65 1.64 1.63 . 1.62 1.59 1.56 

(Covalent) 


The increase in size that arises due to period change in second and third transition series is almost compensated by the 
lanthanide contraction. 


1st Tr. series 



Sc 

Ti 


V 


Cr .... 


Cu 




At. radius A (Covalent) 


1.44 

1.32 


1.22 


1.17 


1.17 




2nd Tr. series 



Y 

2i 


Nb 


Mo .... 


Ag 




At. radius A (Covalent) 


1.62 

1.45 


1.34 


1.29 


1.34 




3rd Tr. series 



La 

Hf 


Ta 


W . . . , 


Au 




At. radius** A (Covalent) 


1.69 

1.45 


1.34 


1.30 


1.34 




The following table illustrates the metallic radii (Crystal radii) in 

angstroms: 






Li 

Be 













1.52 

1.12 













Na 

Mg 










A1 

Si 

P 

1.86 

1.60 










1.43 

1.32 

1.28 

K 

Ca 

Sc 

Ti 

V 

Cr 

Ml 

Fe 

Co Ni 

Cu 

Zn 

Ga 

Ge 

As 

2.31 

1.97 

1.64 

• 1,47 

1.35 

1.29 

1.37 

1.26 

1.25 1.25 

1.28 

1.37 

1.23 

1.37 

1.39 

Rb 

Sr 

Y 

Zr 

Nb 

Mo 

Tc 

Ru 

Rh Pd 


Cd 

In 

Sn . 

Sb 

2.48 

2.15 

1.82 

1.60 

1-47 

1.40 

1,35 

1.34 

1.34 1.37 

1.44' 

1.52 

1.67 

1.62 

■ 1.59 

Cs 

Ba 

La 

Hf 

Ta 

W 

Re 

Os 

Ir Pt 

Au 

Hg 

TI 

Pb 

Bi 

2.65 

2.22 

1.87 

1.59 

1.47 

1.41 

1.37 

1.35 

1.36 1.39 

1.44 

1.57 

1.70 

1.75 

1.70 


Conclusions 

(i) The alkali metals which are present at the extreme left 
of the periodic table have the largest size in a period. 

(ii) The halogens which are present at the extreme right 
of the periodic table have the smallest size. 

(iii) The sizes of the atoms of inert gases are, however, 
larger than those of preceding halogens because in inert gases 
van der Waals' radii are taken into consideration. 

(iv) In transition seri^, the decrease in size is small as 
the additional electrons in (n - l)d levels effectively screen 
much of the nuclear charge on the ns electrons. 


(v) In 4/-series, there is continuous decrease in size with 
increase in atomic number. This decrease is termed Lantha¬ 
nide contraction. 

(vi) In a group of normal elements, there is continuous 
increase in size with increase in atomic number. 

(vii) In a group of transition elements, there is an increase 
in size from first member to second member as expected but 
from second member to third member, there is very small 
change in size and sometimes sizes are same. This is due to 
Lanthanide contraction. 
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1.tli IONIC RADIUS 

Ionic radii are related to the ions present in ionic (crystalline) 
solids. Ions are formed when neutral atoms lose one or more 
electrons or gain one or more electrons. A positive ion results 
when a neutral atom loses one or more electrons. A positive 
ion is called cation. A negative ion is formed when a neutral 
atom gains one or more electrons. The negative ion is termed 
anion. The effective size of these ions is termed ionic radius. 
It is defined as the distance between the nucleus and 
outermost shell of an ion or it is the distance between the 
nucleus and the point where the nucleus exerts its influence 
on the electron cloud. 

Like atomic radii, the accurate measurement of ionic radii 
is also not easy. However, the internuclear distance between 
two oppositely charged ions in a crystal can be taken as the 
sum of the radius of cation and radius of the anion by 
assuming spherical shapes of the ions and both are touching 
each other. X-ray technique is used to measure the 
internuclear distances. Knowing the radius of one ion, the 
radius of the other ion can be calculated. 

For example, in NaCl crystal, the internuclear distance of 
two ions is 2.76A, The radius of Na"^ ion is 0.95A (Pauling 
theoretical method). Therefore, the radius of Cl” ion is 
2.76 - 0.95 = 1.81A. 

■ Comparison of the ionic Radii with 
Corresponding Atomic Radii 

(a) The radius of the cation is always smaller than the 
atomic radius of its parent atom. This is due to the fact that 
nuclear charge in the case of a cation is acting on a lesser 
number of electrons and pulls them closer, i.e., effective 
nuclear charge of a cation is always greater than the neutral 
atom and thus, etetron cloud contracts. 

(b) The radius of the anion is always larger than the 
atomic radius of its parent atom. In an anion as electron or 
electrons are added to the neutral atom, the nuclear charge 
acts on more electrons so that each electron is held less tightly 
and thereby the electron cloud expands, i,e., effective nuclear 
charge of an anion is always smaller than the neutral atom 
and thus, electron cloud expands. 


Comparative Sizes of Atoms and their Cations 


Atom 

Atomic radii 
(crystal. A) 

Corresponding 

cations 

Ionic radii 
(A) 

Li 

1.52 

LP 

0.59 

Na 

1.86 

Na"" 

0.99 

K 

2.31 


1.33 


1.60 


0.65 

Ba 

2.22 


1.35 

A1 

1.43 

Al^'^ 

0.50 

Pb 

1.75 


1.32 


Comparative Sizes of Atoms and their Anions 


Atom 

Atomic radii 
(covalent. A) 

Corresponding 

anions 

Ionic radii 

(A) 

p 

0.72 

F" 

1.36 

Cl 

0.99 

cr 

1.81 

Br 

1-14 

Br“ 

1.96 

O 

0.73 


1.40 

S 

1.04 

S^" 

1.84 

N 

0.75 


1.71 

P 

1.10 

p 3 - 

2.12 


In any particular group, the ions (cations or anions) 
increase in size on moving from top to bottom. This is due 
to an increase in the number of shells. For example. 


Li^ 

< Na’" < 

K" < 

+ 

A 

Cs^ 

0.59A 

0.99A 

1.33A 

r48A 

1.69A 

F 

< cr < 

V 

i 

m 

r 


1.36 A 

i.siA 

1.96A 

2.20A 



The size of the cations of the same element decreases with 
the increase of positive charge. For example, Pb^ is smaller 
in size than Pb^"^; Sn^ is smaller in size than Sn^"^; Fe^"^ is 
smaller in size than Fe^"^. 

0.67 A 0.72 0.64 

0.82 A Cu^ 0.96 Co^-" 0.82 

This can be explained on the basis of Z/c ratio 

Nuclear charge ^ _ 

of electrons * Whenever Z/e ratio increases, the size 

decreases and when Z/c ratio decreases, the size increases. 


Na 

Na^ 

Cl 

cr 



Z/e ™ 

= 1.0; = 1.1; 

II 

1.0; 11= 0.95; 

1^1 ro 

II 

1.08; 1.13 

So 

Na"*" < Na 


cr > Cl 


Fe^ < 


Isoelectronic species (ions or atoms) are those which have 
same number of electrons. For such species the size decreases 
with an increase of atomic number. This is illustrated in the 
following table: 


Atom or Ion 

Atomic 
number Z 

No. of 
electrons e 

z/e ratio 

Size in A 

c'*" 

6 

10 

0.6 

2.60 


7 

10 

0.7 

1.71 


8 

10 

0.8 

1.40 

w 

9 

10 

0.9 

1.36 

Ne 

10 

10 

1.0 

1.12 

Na’" 

11 

10 

1.1 

0.99 


12 

10 

1.2 

0.65 

Al®" 

13 

10 

1.3 

0.50 
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H**" and Cs^ are the smallest and largest cations respec¬ 
tively. 

H“ and F are the smallest and largest anions respectively. 

Conclusions 

(i) The radius of cation {positive ion) is always smaller 
than that of the parent atom. 

(ii) The radius of anion (negative ion) is always larger 
than that of the parent atom. 

(iii) The ionic radii in a particular group increase in 
moving from top to bottom. 

(iv) In a set of species having the same number of electrons 
(isoelectronic), the size decreases as the charge on the 
nucleus increases. 

(v) The size of the cations of the same element decreases 
with the increase of positive charge. 


1.1® IONISATION ENTHALPY OR 
IONISATION POTENTIAL 


The electrons in an atom are attracted by the positive charge 
present on the nucleus. To remove an electron from an atom, 
energy has to be supplied to overcome the force of attraction 
towards nucleus. A quantitative measure of the tendency of 
an atom of an element to lose electron is given by its ionisation 
enthalpy. It is defined as the minimum amotmt of energy 
required to remove most loosely bound electron from an 
isolated atom in the gaseous state of an element so as to 
convert it into gaseous monovalent positive ion. It is also 
known as first ionisation enthalpy or energy. The process 
can be represented as : 

M(g) . ■ > M'^(g) + e 


or M(g) + JEi or -> M^(g) + e 

Ionisation enthalpy is also called as ionisation potential 
as it is the minimum potential difference in a discharge 
tube required to remove the most loosely bound electron 
from an isolated gaseous atom to form gaseous cation. 

Ionisation enthalpy (or potential) is expressed either in 
terms of electron volts per atom (eV/atom) or kilocalories 

^ _-I 

per mole (kcal mol ) or kilojoules per mole (kj mol ). 

1 electron volt (eV) per atom 

= 3.83 X 10“^® cal per atom = 1.602 x 10^^^ J per atom 
= 3.83 X 10"^“ X 6.023 x 10^^ cal moF* 

= 23.06 kcal moF^ 

= 1.602 X 10"^^ X 6.023 x 10^ J moF^ 

= 96.49 kJ moF^ 

1 eV per atom = 23.06 kcal moF^ = 96.49 kJ moF^ 

Like the removal of first electron from isolated gaseous 
atom, it is possible to remove second, third and successive 
electrons from positive ions one after the other. The amounts 

of energies required are termed second, third, fourth. 

ionisation enthalpies respectively. These processes can be 
shown as: 

Al+lg) + A,Ha or lEz = M^^(g) + e 
+ AjHa or IE 3 = + e 

M^^(g) + AiHi or IE4 = M'^ig) + e 

It is observed that AjH2(IE2) has higher value than 
AjH|(/Ei). is higher than A/H 2 and so on, z.e., 

AA<A^H2.<4H3<4H4 

The successive ionisation enthalpies of first ten elements 
are given in the following table: 


Successive Ionisation Energies of the First Ten Eiements (kJ/moi)'^'^ 


Element 

Electronic configuration 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

H 

Is' 

1312 







He 

ls2 

2372 

5250 






Li 

Is^ 2s' 

520 

~] 7298 

11,815 





Be 

Is^ 2s^ 

899 

1757 

14,848 

21,006 




B 

Is^ 2s^2p' 

801 

2427 

3660 1 

25,025 

32,826 



C 

Isl 2 s^2p^ 

1086 

2353 

4620 

6222 [_ 

37,829 

. 47,276 


N 

Is^ 2s^2p^ 

1402 

2857 

4578 

7475 

9445 

53,265 

64,358 

0 

Is^ 2s^2p* 

1314 

3^8 

5300 

7469 

10,989 

13326 

1 15,160 

F 

Is^ 2s^p^ 

1681 

3374 

6020 

8407 

11,022 

15,164 

17,867 

Ne 

Is^ 2s^2p^ 

2081 

3952 

6122 

9370 

12,177 

15,238 

19,998 


**Ionisation energi^ to the right of a vertical line correspond to removal of electrons from the core of the atom. 


The increase in the values of successive ionisation 
enthalpies can be explained on the basis that effective nuclear 
charge increases from M(g) to electrostatic 

attraction between the nucleus and the remaining electrons 
in the cation (especially the outermost electron in the cation) 


increases. This requires higher energy to remove the electron 
from the cation in comparison to neutral atom. The energy 
increases as the charge on the cation increases gradually. 
Thus, successive ionisation enthalpies have higher values. 


'H ^presents enthalpy and AH, change in enthalpy. It is given positive sign if energy is required and negative sign if it is released. 
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an endoergic process and will be given a positive sign. 
Similarly, higher electron gain enthalpies are positive. For 
example, when an electron is added to an oxygen atom to 
form 0“ ion, energy is released. However, when second 
electron is added to 0“ ion to form O^" ion, energy is absorbed. 

0(g) + e —^ 0“(g); 1st AHgg = -141 kj moF^ 

(Energy released) 

0~ig) + e-> d^~ig); 2nd AHeg = +780 kJ moF^ 

(Energy absorbed) 

Similarly for sulphur atom, the second electron gain 
enthalpy is positive. 

S(g) + e-^ S"(^); 1st AHeg = -200 kJ moF^ 

Sr(g) + e -^ S^"(g); 2nd AHgg = +590 kJ moF^ 

The magnitude of electron affinity depends on a number 
of factors such as: 

(i) Size of the atom : Smaller the size of the atom, 
stronger is the attraction for the added electron towards 
nucleus. Thus, smaller the size of atom, greater is the electron 
affinity. 

(ii) Nuclear charge: Greater the nuclear charge, stronger 
is the attraction for the added electron towards nucleus. 
Thus, elalron affinity increases as nuclear charge increases, 

(iii) Electronic configuration : The elements having 
stable configuration (half filled or fully filled valence 
subshells) have very little or no tendency to accept additional 
electron; hence, electron affinities are low or zero in these 
cases. 

■ Variation of Electron Gain 
Enthalpies in Periodic Table 

In general, the electron gain enthalpy becomes less 
negative in going from top to bottom in a group and more 
negative in going from left to right in a period. However, 
electron gain enthalpy do^ not show a regular trend along 
a period or a group. The electron gain enthalpies of normal 
elements are given in the following table in kJ moF^: 

Period i 1 2 13 14 15 16 17 18 

Group 


H 

-73 

Li 

Be 

B 

C 

N 

O 

F 

He 

+48 

Ne 

-60 

+ 66 

-83 

-122 

+31 

-141 

-328 

+ 116 

Na 

Mg 

A1 

Si 

P 

S 

Cl 

Ar 

-53 

+67 

-50 

-119 

-74 

-200 

-349 

+96 

K 

Ca 

Ga 

Ge 

As 

Se 

Br 

Kr 

-48 

- 

-36 

-116 

-77 

-195 

-325 

+ 96 

Rb 

Sr 

In 

Sn 

Sb 

Te 

1 

Xe 

-47 

- 

»29 

-120 

-101 

-190 

-295 

+77 

Cs 

Ba 

T1 

Pb 

Bi 

Po 

At 

Rn 

-46 


-30 

-101 

-110 

-174 

-270 

+68 


From the table, the following trends are observed: 

(i) The electron gain enthalpies, in general, become less 
negative in going down from top to bottom in a group. This 
is due to increase in size on moving down a group. This 
factor is predominant in comparison to other factor, le., 
incre^e in nuclear charge. 


Na > 

K > 

Rb > 

Cs 

-53 

-48 

-47 

-46 kJ moF^ 

Cl 

Br 

I 

At 

-349 

-325 

-295 

-270 kl moF^ 


(ii) The electron gain enfiialpies of oxygen and fluorine, 
the members of the second period, have less negative values 
than the elements sulphur and chlorine of the third period. 

This is due to small size of the atoms of oxygen and 
fluorine. As a result, there is a strong inter-electronic 
repulsion when extra electron is added to these atoms, Le,, 
electron density is high and the addition of electron is not 
easy. Thus, the electron gain enthalpies of third period 
elements, sulphur and chlorine, have more negative values 
than corresponding elements oxygen and fluorine. 

O -141 kJ moF^ F -328 kJ moF^ 

S -200 kJ moF^ Cl -349 kJ moF* 

Similar trend is observed in nitrogen and phosphorus. 

N +31 kJ moF’ 

P -74 kJ moF^ 

(ui) In general, electron gain enthalpy becomes more and 
more negative from left to right in a period. This is due to 
decrease in size and increase in nuclear charge as the atomic 
number increases in a period. Both these factors favour the 
addition of an extra electron due to higher force of attraction 
by the nucleus for the incoming electron. 

(iv) Electron gain enthalpies of some of the memters of 
alkaline earth metals, noble gases and nitrogen are positive. 

This is because they have stable configurations. Alkaline 
earth metals have stable configurations due to completely 
filled ns orbital while nitrogen has extra stability due to half 
filled p-orbitals (Is^, 2s^ 2pl 2py 2pl), Le,, symmetrical 
configuration. These atoms resist the addition of extra 
electron as they do not want to disturb their stability. 

Noble gases have ns^np^ configuration, Le., no place for 
incoming electron. In case the extra electron is to be 
accommodated, it will occupy its position on a new principal 
shell, Le,, it will be weakly attracted towards nucleus. Such 
anion will be extremely unstable. Helium has also a stable 
configuration and cannot accommodate the incoming 
electron. 

(v) Halogens have highest negative electron gain enthal¬ 
pies. Following two factoid are responsible for this: 

(a) Small atomic size and high nuclear charge of halo¬ 
gens in a period. 


6 
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(b) Halogens have the general electronic configuration of 
le., one electron less than stable noble gas in^np^) 
configuration. 

Thus, halogens have a very strong tendency to accept an 
additional electron and their electron gain enthalpies are, 
therefore, high. 


M Importance of Electron Gain Enthalpy 


Certain properties of the elements can be predicted on the 
basis of values of electron gain enthalpies. 

(i) The elanents having high negative values of electron 
gain enthalpy are capable of accepting electron easily. They 
form anions and thus form ionic (electrovalent) compoimds. 
These elements are electronegative in nature. 

(ii) The elements having high negative electron gain 
enthalpies act as strong oxidising agents, for example, F, Cl, 
Br, O, S, etc. 

On the basis of the general trend of ionisation enthalpy 
and electron gain enthalpy, the following properties can be 
predicted: 

(i) MetaDic nature decreases in a period while non- 
metallic nature increases. Metallic nature increases in a group 
while non-metallk nature decreases. The arrow (i) represents 
a group and (->) represents a period. 


Metallic 


Metallic 


(Electro +ve) 

Increases 


> Increases ; Non-metallic 
(Electro -ve) 


Non-metallic 

^ Incres^es 


Decreases 


(ii) Stability of metal increases while activity of the metal 
decreases in a period and in a group stability decreases 
while activity increases. 


isolated ga^ous atom while electronegativity is concerned 
with the atom in combination. Electronegativity conc^t 
was introduced by Pauling in 1932. An arbitrary value of 
4.0 has been assigned to fluorine (most electronegative 
element) and the electronegativities of other elements have 
been calculated against this standard by the application of 
following formula: 

1 i 

^ Xb = 0 . 208 [E^_b - + Eb^b)] 2 


where X^ and Xb are the electronegativities of two atoms A 
and B and Ea>-b/ and Eb—b are bond energies of 

molecules A - B, A 2 and B 2 , respectively in kcal moF^ or 

- Xb = 0.102 [Ea-b - |(Ea-a + Eb_b)]1 if the bond 

energies are taken in kj moF^, 

Mulliken regarded electronegativity as the average 
value of ionisation potential and electron gain enthalpy of 
an atom when both are taken in electron volts. 


Electronegativity = 


IP>hEA 

2 



[IP = Ionisation enthalpy; EA = Electron gain enthalpy] 


However, it was found that Mulliken valu^ were 2,8 times 
greater than Pauling values. 


Thus, electronegativity in Pauling scale 


IP+EA 

2x2.8 

IP+EA 

5.6 


Electronegativity of an atom on Pauling scale if the values 


are taken in kcals per mole 


IP+EA 

2x2.8x23.06 


Stability of the metal 


Stability 


of the metal 

Decreases 


^ Increases ; Activity of 
the metal 


Activity of the metal 

> Decreases 


Increases 


This trend is observed especially in lA, IIA and IIIA 
elements. 

(iii) The basic nature of the oxides decreases in a period 
while acidic nature increases. In a group, basic nature 
increases while acidic nature decreases. 


Basic nature of oxides Acidic nature of oxides 


Basic nature 
of oxides 


Decreases ; Acidic nature 
of oxides 


Increases 


Increases 


Decreases 


ELECTRONEGATIVITY 

This is the property of a bonded atom. The relative tendency 
of an atom to attract the shared electron pair towards 
itself is called electronegativity. Electron gain enthalpy and 
electronegativity both measure the power of attracting 
electrons but electron gam enthalpy is concerned with an 


Electronegativity of an atom on Mulliken scale if the 

1 IP+EA 

values of IP and EA are taken in kJ moH =- 

2x96.48 

Thus, electronegativity of an atom on Pauling scale 

IP+EA _ IP+EA 
“ 2x96.48 x 2.8 “ 540 

On Allred and Rochow scale, the electronegativity is 
calculated by applying the following formula, 

X A =0.144+ 

where Zeffective = Effective nuclear charge at periphery 
of element A. 

r = radius of the element A in A. 

In general, the electronegativity values are high for 
smallest elements and low for bigger atoms. 

The electronegativity values of representative elements on 
the pauling scale are given in the foUowing table: 
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Group —^ 

lA 

I period 

H 


2.1 

IT period 

Li 


1.0 

in period 

Na 


0.9 

IV period 

K 


0.8 

V period 

Rb 


0.8 

VI period 

Cs 


0.7 


2 

13 

14 

IIA 

IIIA 

IVA 


Be 

B 

C 

1.5 

2.0 

2.5 

Mg 

A1 

Si 

1.2 

1.5 

1.8 

Ca 

Ga 

Ge 

1.0 

1.6 

1.8 

Sr 

In 

Sn 

1.0 

1.7 

1.8 

Ba 

T1 

Pb 

0.9 

1.8 

1.9 


15 16 17 

VA VIA VIIA 


N O F 

3.0 3.5 4.0 

P S Cl 

2.1 2.5 3.0 

As Se Br 

2.0 2.4 2.8 

Sb Te I 

1.9 2.01 2.5 

Bi Po At 

1.9 1.76 2.2 

> Increases 


In a period from left to right, the value of electro¬ 
negativity increases while in a group from top to bottom, 
the value of electronegativity decreases. 

The electronegativity of any given element is not constant 
but is dependent on the following factors: 

(i) State of hybridization : For example, in the case of 
carbon, electronegativity decreases from sp state to $p^ state. 

sp > sp^ > sp^ 
electronegativity decreases 

(ii) Oxidation state of the element : With increase of 
oxidation state, electronegativity increases. Fe^"^ (EN = 1.96) 
has higher electronegati\dty than Fe^"^ (EN = 1.83). 


Importance of Electronegativity 

The following predictions can be made from values of 
electronegativity: 

(i) Nature of the bond between two atoms can be predic¬ 
ted by the electronegativity difference of the two atoms. 

(a) When difference - Xb = 0, ie., X^ = Xg, the bond is 
purely 03valent. For example, H 2 , CI 2,02 and N 2 molecules 
are purely covalent and non-polar. 

(b) The difference Xj[ - Xb is small, f.c., X^ > Xg, the bond 
is polar covalent. 

(c) The difference X^ - Xg is 1.9, the bond is 50% covalent 
and 50% ionic. 

(d) The difference X^ - Xg is very high, the bond is more 
ionic and less covalent. The molecule will be represented in 
such case as BAiB^A^). 

Percentage ionic character may be calculated as: 

Percentage of ionic character 

=16(X^-Xg) + 3.5(X4-XB)2 

where X^ and Xg represent electronegativity of bonded 
atoms A and B. 

This relation was given by A.L. Allred (1961). 

(M) The elements having low values of electronegativity 
are f^e|'als whOe the elemente having high values of 


electronegativity are non-metals. Fluorine with highest 
ela:tronegativity is the most non-metallic and caesium with 
lowest electronegativity is the most metallic element of the 
periodic table. 

(iii) (Xq “ X^) difference predicts the nature of the oxides 
formed by the element A. Xq is electronegativity of oxygen. 

Xq - X^ is large, the oxide shows basic nature (e.g,, Na20). 

Xq - X^ is small, the oxide shows acidic nature (e,g,, SO 2 ). 


Difference between Electron Gain Enthalpy 
and Electronegativity 


Electron Gain Enthalpy 


Electronegativity 


1. It is the tendency of an isolated 
atom to attract electron. 

2. It can be measured experi¬ 
mentally. 

3. Its units are electron volts per 
atom or kilojoules per mole or 
kilocalories per mole. 

4. It is a constant quantity for a 
particular element. 

5. Its periodicity is not. regular in 
a period or a group. 


It is the tendency of an atom in a 
combined state, i.e., in a molecule 
to attract the shared pair of 
electrons. 

It is a relative number and mnnot 
be determined experimentally. 

It has no units but merely a 
number. 

Electronegativity of an element is 
not constant. It depends on a 
number of factors such as hybri¬ 
dised state, oxidation state, etc. 
The periodicity is regular in a 
period but not so regular in groups. 


1.1?i SOME OTHER PROPERTIES IN WHICH 
PERIODICITY IS OBSERVED 

(i) Atomic volume: Atomic volume incroases in a group 
from top to bottom. The increase is due to the increase in 
the number of energy shells. 

In a period from left to right, atomic volume varies 
cyclically, i.e., it decreases at first for some elements, becomes 
minimum in the middle and then increases. The following 
two factors explain this trend: 

(a) Atomic radii decrease due to increase of nuclear 
charge. 

(b) The number of valency electrons increases in a period. 
As to accommodate all the valency electrons, the volume 

increases. These two factors oppose each other. The effect of 
Brst factor is more on the left hand side and that of the second 
factor is more on the right hand side. 


Li 

Be 

B 

C 

N 

0 

F 

-Ne 

13 

5 

5 

5 

14 

11 

15 

17 

Na 

Mg 

AI 

Si 

P 

S 

Cl 

Ar 

24 

14 

10 

12 

17 

16 

19 

24 

K 

Ca 

Ga 

. Ge 

As 

Se 

Br 

Kr 

46 

26 

12 

13 

16 

16 

23 

33 


The maximum value of atomic volume (87) is observed in 
the case of francium (last member of alkali group). 

(ii) Density : The dei^ity of the elements in solid state 
varies periodically with their atomic numbers. At first, the 
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density increases gradually in a period and becomes 
maximum somewhere for the central members and then 
starts decreasing afterwards gradually. 


Li 

Be 

B 

C 

N 

0 

F 

0.5 

1.8 

2.3 

2.2 

— 


— 

Na 

Mg 

A1 

Si 

P 

S 

Cl 

1.0 

1.7 

2.7 

2.3 

1.8 

2.1 

— 

K 





Se 

Br 

0.9 





■4.8 . 

3.1 

Rb 





Te 

I 

1.5 





6.2 

4.9 


Cs 

1.9 

In solids, osmium has the highest density (22.6) and in 
liquids, Hg has the highest density (13.6). 

(iii) Melting and boiling points: The melting points of 
the elements exhibit some periodicity with rise of atomic 
number. It is observed that elements with low values of 
atomic volumes have high melting points while elements 
with high values of atomic volumes have low melting points. 
Jjx general, melting points of elements in any period at first 
increase and become maximum somewhere in the centre 
and thereafter begins to decrease. The melting points of the 
elements of second and third periods are given in the table: 



Li 

Be 

B 

C 

N 

0 

F 

Ne 

M.pt.(K) 

454 

1550 

2303 

4000 

63 

54 

53 

24 


Na 

Mg 

Al. 

Si 

P 

S 

Cl 

Ar 

M.pt,(K) 

370.8 

924 

933 

1693 

317 

392 

172 

83.6 


The boiling points of the elements also show similar 
trends, however, the regularities are not striking as noted 
in the melting points. The boiling points of the elements of 
third period are given below: 

Na Mg A1 Si P S Cl Ar 

B.ph(K) 1165 1396 2075 2815 557 717.6 238 87 

In moving down the group, the melting and boiling points 
do show regular gradation, however, the pattern of variation 
is different in different groups. For example, in alkali group, 
the melting and boiling points decrease in moving from top 
to bottom but among halogens, there is increase in moving 
from top to bottom. 


Element 

Li 

Na 

K 

Rb 

Cs 

M.pt.(K) 

454 

370.8 

335 

312 

302 

B.pt.(K) 

1609 

1165 

1063 

973 

943 

Element 

F 

Cl 

Br 

I 


M.pt.(K) 

53 

172 

266 

386 


B.pt.(K) 

85 

238 

332 

456 



Tungsten has the maximum melting point (3683K) 
amongst metals and carbon has the highest melting point 
(4000K) amongst non-metals. Helium has the lowest melting 
point (3K). The metals Cs, Ga and Hg are known in liquid 
state at 303K. 


m Periodicity in Chemical Properties 

(I) VALENCY 

The combining capacity of an element is termed the 
valency. The valency of an element is linked with the number 
of electrons present in the outermost energy shell of the atom. 
The electrons present in the outermost shell are, therefore, 
termed as Valence electrons. 

In the case of representative elements, the valency is 
generally equal to either the number of valence electrons or 
equal to eight minus number of valence electrons. However, 
the transition elements show variable valency involving 
valence electrons and ^ electrons of the penultimate 
energy shell. The common valence of transition metals are 
either 2 or 3. 


Variation in a period : In the case of representative 
elements, the number of valence electrons increases from 1 
to 8 from left to ri^t in a period. 


Group 1 

2 

13 

14 

15 

16 

17 

18 

Number of 1 

valence electrons 

2 

3 

4 

5 

6 

7 

8 

Valence on 1 

hydrogen scale 

2 

3 

4 

3 

2 

1 

0 

Valence on 1 

oxygen scale 

2 

3 

4 

5 

6 

7 

0 


On hydrogen scale, the valency increases from 1 to 4 
and then decreases from 4 to 0, while on oxygen scale, it 
increases from 1 to 7. 


1 

2 

13 

14 

15 

16 

17 

NaH 

MgH 2 

AIH 3 

SiH4 

PHs 

H 2 S 

HCl 

1 

2 

3, 

4 

3 

2 

1 

Na 20 

MgO* 

AI 2 O 3 

SiOi 

P 2 O 5 

SO 3 

CbOs 

1 

. • 2 

3 

4 

5 

6 

7 


Variation in a group : In a group, all the elements have 
same number of valence electrons and hence, all the elements 
show same valency. For example, the elements of group 1 
(alkali metals) show monovalency while the elements of 
group 2 (alkaline earth metals) show divalency. 

(ID NATURE OF OXIDES 

In a period, the nature of the oxides varies from basic to 
acidic as stated earlier, 

Na20 MgO AI 2 O 3 Si02 P2O5 SO 3 CI2O7 

Strongly Basic Amphoteric Weakly Acidic Strongly Strongly 
basic acidic acidic acidic 

In a group, basic nature increases or acidic nature 
decreases. Oxides of the metals are generally basic and oxides 
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of the non-metals are acidic. The oxides of the metalloids are 
amphoteric. The oxides of Al, Zn, Sn^ As and Sb are 
amphoteric. We can summarise that as the electronegativity 
of element increases, acidic character of oxides increases. 

When an element forms a number of oxides, the acidic 
nature increases as the percentage of oxygen increases. 


N 2 O 

NO 

N2O3 

NO 2 

N2O5 


Neutral 

Neutral 


^ u 





MnO 

M112O3 

MnG2 

Mn 03 

]V[n207 


Basic 

Basic 

Neutral 

Acidic 

Acidic; 


CO, N 2 O, NO-and H 2 O are neutral oxides. The o)dd^ 
CO 2 , N 2 O 5 , P 2 O 3 , P 2 O 5 , SO 2 , SO 3 , CI 2 O 7 , etc., are called 
acid anhydrides as these combine with water to form oxy- 
acids. 


C 02 - 

H 2 C 03 

P 203 - 

-^HsPOs 

S 03 - 

-^H2S04 

N 205 - 

HNO 3 

P 205 — 

H 3 PO 4 

C 1207 - 

HCIO 4 

N 203 — 

-^HN02 

S 02 - 

H 2 SO 3 


(Ill) NATURE OF OXY-ACIDS 


In a period, the strength of the oxy-acids formed by non- 
metals increases from left to right. 

n period H 3 BO 3 jH 2 C 03 HNO 3 

--i-- —-4 Strength increases 

in period HzSiOj H 2 SQ 4 |itfC 104 

-*-— Ht-t : ! -> Strength increases 

In a group, the ^eAtl^ of j^hdjpjxy-iacids ofjnon-metals 
decreases. ' r ‘ 

V group HNO 3 H 3 P 64 H 3 AS 64 

-- > Strength decrea^s 

vn group Ha 04 HBr 04 HIO 4 

---> Strength decreases 

If a non-metal forais a number of oxy-adds, the strength 
increases with the increase of percentage of oxygen. 

Sulphur forms two oxy-acids H 2 SO 3 and H 2 SO 4 .H 2 SO 4 is 
stronger add than H 2 SO 3 - 


Chlorine forms a number of oxy-acids: 


HCIO HCIO 2 HCIO 3 HCIO 4 
- -> Stiength increases 

. —^- > Stability increases 

> Oxidising nature 

decreases 

Greater is the oxidation state of central atom; more will be 
the acidic strength. 


(IV) NATURE OF HYDRIDES 


The nature of the hydrides changes from basic to acidic 
in a period from left to right. 


NH 3 H 2 O 

Weak base Neutral 


HF 

Weak add 


PH 3 H 2 S HCl 

Very weak base Weak add Strong acid 

In a group, the acidic nature of the hydrides of non-metals 
increases. The reducing nature also increases but stability 
decreases from top to bottom. 


HF HCl HBr HI 

-:- > Strength of the add iacreases 

—^^- > Stability decreases 

- > Reducing nature increases 

(V) ANOMALOUS BEHAVIOUR OF THE 
ELEMENTS OF SECOND PERIOD 

It has been observed that in the case of representative 
elements, the first element in each group, Le., lithium in the 
first group, beryllium in the second group and boron to 
fluorine in the groups 13 to 17, differ in mmy respects from 
the other members of their respective groups. The anomalous 
behaviour of the first member of each group is attributed to 
following reasons: 

(a) small atomic radius of the atom and ionic radius of its 
ion> 

(b) high electronegativity. 

(c) non-availability of d-orbitals in their valence shell. 

(d) tendency to form multiple bonds by carbon, nitrogen 
and oxygen. 

(e) high charge/radius ratio. 

The abnormal properties will be discussed in detail in 
respective groups. 
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Problem 1. The diagram given below is a part of the 
periodic table. Study the table and answer the questions that 
follow: 


2 

















2 

He 

3 

4 











5 

6 

7 

8 

9 

10 


Be 














0 



11 

12 











13 

14 

15 

16 

17 

18 














SI 


S 



19 

20 

21 

22 

23 

24 

25 

26 

27) 

28 

29 

30 

31 

321 

33 

34 

35 

36 


Ca 




Cr 












Kr 


(z) Name two elements in the same group of the periodic table, 
in) Name a transition metal 
iiii) Name an element whose oxide is basic, 
iiv) Name an element whose oxide has a very low melting point 
iv) Name an element which reacts vigorously with water, 
ivi) Name an element which forms a colourless solid chloride 
XCI 2 , where X = the element 

ivii) Name the element which is gaseous at room temperature, 
iviii) Name a metallic element which has a high melting point, 
iix) Name two elements which would react with each other to 
form a single compound, 

(x) Give the atomic number of an element which is an alkali 
metal 

(xi) How many atoms of element-35 can combine with an atom 
of element-20? 

(xii) Give the atomic number of an element which is inert 

Solution: 

(i) The elements placed vertically one below another 
belong to the same subgroup. Thus^ Be and Ca belong to the 
same subgroup. 

(ii) First transition seii^ starts from element-21 and ends 
at element-30. Thus, chromium-24 is a transition metal. 

(Mi) The oxides formed by the elements on left hand side 
of the periodic table are basic. Thus, calcium forms basic 
oxide. 

(iv) Sulphur forms a gaseous oxide whose melting point 
is low. 

(v) Alkali and alkaline earth metals react vigorously with 
water. Thus, calcium reacts vigorously with water. 

(vi) Calcium belongs to second group. It shows divalency 
and forms solid chloride of the type XQ 2 . 

(vii) Oxygen is known in gaseous state at room 
temperature. 

(viii) Transition metals have high melting points. Thus, 
chromium possesses high melting point. 

(ix) Be and oxygen react together to form one oxide, BeO. 


(x) Alkali metals belong to first group. Thus, elements 
with atomic number 3,11 and 19 are alkali metals. 

(xi) The element-35 is a halogen, its valency is one and 
the valency of element-20 (calcitim) is two. Thus, one atom 
of element-20 combine with two atoms of element-35. 

(xii) The atomic number of an inert gas is 36 (Kr). 

Problem 2. Among the elements with atomic numbers 
9,12 and 36, identify by atomic number of an element which is: 
(a) highly electronegative 
ib) an inert gas 

(c) highly electropositive and give reasons for your choice. 

Solution: 

The electronic configuration of the elements with atomic 
numbers 9,12 and 36 are: 

Atomic number 9; 2,7 

Atomic number 12; 2,8,2 

Atomic number 36; 2,8,18,8 

The element with atomic number 9 can accept one more 
electron to have 8 electrons in the outermost orbit, thm it is 
an electronegative element. 

The element with atomic number 12 loses two electrons 
to acquire inert gas configuration, thus it is electropositive 
in nature. 

The element with atomic number 36 has 8 electrons in the 
outermost orbit, hence it has no tendency either to lose or 
accept el^^rons. Thus, it is an inert gas. 

Problem 3* Two elements A and B have atomic number 16 
and 19, respectively. 

ii) Write down the electronic configurations of A and B in terms 
of s, p, d and f, 

(ii) Which element belongs to s-block of modern periodic table? 
iiii) Which element belongs to p-block? 
iiv) Which element is a powerful reducing agent? 
iv) Write down the formula of compound formed between A and 
B. 

Solutioh: 

(i) A= ls^,2s^2p^,3s^3p^ (six electrons in valency shell). 

B=ls^,2s^2p^,3s^3p^,4s^ (one electron in valency shell), 
(n) B belongs to s-block as the last electron is accommo¬ 
dated on ns, 

(Mi) A belongs to p-block as the last electron is accommo¬ 
dated on np, 

(iv) B has a tendency to lose valency electron easily, thus 
it acts as a powerful reducing agent. 

(v) The valency of B is 1 and that of A is 2. Thus, the 
formula of the compound formed is B 2 A. 

Problem 4. An element A has an atomic number 11. 
ii) Represent its electronic configuration, 

(ii) To which group of perbdic table does it belong? 
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(Hi) What is its valency? 

(iv) Write the formula of its oxide. 

Solution: 

(i) Electronic configuration = Is^, 2 s^ 3s^. 

(ii) As one electron is present in the outermost energy 
shell, it belongs to first group of the periodic table. 

(iii) Its valency is 1. 

(iv) The formula of its oxide is A 2 O. 

Problem 5, Name the groups and periods of the elements 
having atomic number 18 and 26. What are the possible valencies 
of the above elements? [M-L.N.R. 1990] 

Solution: 

Electronic configurations of the elements are: 

(A) At. no. 18 2, 8,8 3s^ 3p^ 

(B) At. no. 26 2 , 8 , 8 + 6 , 2 3d^, 45 ^ 

A belongs to third period and zero group. 

B belongs to fourth period and eighth group. 

A is an inert gas, its valency is zero while B is a transition 
metal. It can show variable valency. Its possible valencies are 
2, 3 and 6 . 

Problem 6 . The first ionisation energy of carbon atom is 
greater than that of boron atom, whereas reverse is true for the 
second ionisation energy. Explain. 

Solution: 

The electronic configwations of carbon and boron are as 
follows: 

C : Isl 2^ 2pl 2pl ; B : Isl 25^ 2pl 

Due to higher nuclear charge in carbon, the force of 
attraction towards valency electron is more in carbon atom 
and hence the first ionisation energy is greater than boron 
atom. After loss of one electron, the monovalent cations have 
the configurations as follows: 

B+:1s2,2s 2 ; C+: Isl 25^ 2p^^ 

The B'*' configuration is a stable one and hence the removal 
of electron is difficult in comparison to C'. Hence, second 
ionisation potential of boron is higher than carbon. 

Problem 7. The formation of F" (g) from F(g) is exothermic 
whereas that of 0^~(g) from 0(g) is endothermic. Explain. 

Solution: 

The addition of an electron to a neutral atom is an exoergic 
process. 

F + e- > F“ + energy 

0 -\- e - > 0~ + energy ...(i) 

The addition of second electron to a monovalent anion 
O", as to make it 0^~ is difficult because both have the same 
charge and experience a lot of repulsion. Thus, the addition 
of an electron to O” requires energy to overcome the force of 
repulsion. 

CT + e + energy- > O^" ...(ii) 


The energy absorbed in (ii) step is more than the energy 
released in the (i) step. Hence, the formation of O^" from O is 
endothermic in nature. 

Problem 8. (a) Why chlorine has higher negative electron gain 
enthalpy than F? 

(b) Why N has higher 1st ionisation enthalpy than O~atom? 

(c) Why Mg has higher 1st ionisation enthalpy than 
Al-atom? 

Solution: 

(a) The size of fluorine atom is small and thus electron 
density is high. This resists the addition of electron, hence 
electron gain enthalpy of fluorine is less. 

(b) The electronic configurations of nitrogen and oxygen 
are as follows: 

N : Isl 2 s2 2pl 2pl 2p\ 

O : Isl 2 s 2 2p2 2pl 2pl 

In N, p“Orbitals are half filled and hence, its structure is 
stable. It requires more energy to remove an electron. Hence, 
the IE of nitrogen is higher than oxygen atom which has a 
less stable structure. 

(c) The electronic configurations of Mg and A1 are as 
follows: 

Mg : Is^, 2s^ 2p^, 3s^ 

A1: Is^, 25^ 2p^, 3s^ 3p^ 

It is difficult to remove an electron from 3s in comparison 
to 3p (3s paired and 3p singly occupied). Hence, IE of Mg is 
higher than Al. 

Problem 9. The elements with atomic numbers 117 and 120 
are yet to be discovered. In which family/group would you place 
these elements when discovered? Give their expected electronic 
configurations of the outermost shells and lUPAC names. 

Solution: 


Atomic 

number 

Name 

Symbol 

Electronic 

configuration 

Group/family 

117 

Ununseptium 

Uus 

7s^7p^ 

17/Halogen 

120 

Unbinilium 

Ubn 

8s2 

2nd/Alkaline 
earth metals 


Problem 10. Which of the following species will have the 
largest and smallest size? 

Mg, Al, 

Solution: 

Mg and Al, both belong to same period. 

Mg Al 

Atomic number 12 ; 13 

Atomic size decreases from left to right across the period. 
Thus, Mg atom is larger in size than Al atom. 

Cation is smaller than its neutral atom. Mg^'*' ion is smaller 
than Mg atom and Al^'*' ion is smaller than Al atom. Thus, 
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ion is smallest and Mg atom is largest in size among 
the given sparies. 

Problem 11. Arrange the following in order of increasing 
radii: 

(f) iii)QN,ShP 

{in) 0^“ Ne, {iv) Fe, Fe^"", Fe^^ 

Solution: 

(i) i+<i<r 

53 53 53 

zfe ^ — zfe decreases, hence size increases, 

DZ Ov) CKt 

(ii) N < C < P < Si (a) Effective nuclear charge in 

nitrogen is higher than in 
carbon, hence N < C. 

(b) Effective nuclear charge in 
phosphorus is higher than in 
silicon, hence P < Si. 

(c) C and Si both belong to same 
group. 

C 2$^2p^ (Two orbits) 

Si Is^, 2s^2p^, 3s^3p^ (Three 
orbits) C < Si 

(iii) Mg2+<Ne<F'“<0^” 

1210 9 8 

To 10 10 10 decreases, hence size increases. 

(iv) Fe3+<Fe2+<Fe 

Oft 

2:/e TTj z/e decreases, hence size increases. 

23 24 26 

Problem 12. Give the formula of a species that will be 
isoelectronic with the following atoms or ions: 

(OAr (ii)F- (iii)K+ (iv) 

Solution: 

Isoelectronic species are those which have same number 
of electrons. 

(i) At has 18 electrons. Therefore, the species P^, S^", 
Cr, K"^, Ca^"^, etc., are isoelectronic to Ar. 

(ii) F“ has 10 electrons. Therefore, the species N^, 
0^“, Ne, Na“^, etc., are isoelectronic to F“. 

(iii) K"^ has 18 electrons. Therefore, the species P^, S^“ Cl” 
, Ar, Ca^"^, etc., are isoelectronic to K^. 

(iv) Sr^"^ has 36 electrons. Therefore, the species Br“, Kr, 
Rb^, etc., are isoelectronic to Sr^"^. 

Problem 13. Answer the following: 

(i) How many elements can be accommodated in the present set 
up of the long form of periodic table? 

(ii) What are superheavy elements? 

ini) What would be lUPAC names and symbols with atomic 
numbers 126,134 and 150? 

Solution: 

(i) There are seven periods in the present long form of 
periodic table. In the last period 7s, 5/, 6 d and 6p orbitals are 
to be filled, i.e., it can accommodate 32 electrons cones- 


ponding to 32 elements. Upto the end of sixth period 86 
elements have been accommodated. Thus, the present long 
form of periodic table can accommodate 86 + 32 = 118 
elements, 

(ii) Elements with atomic number higher than 100 having 
high densities are called superheavy elements. 

(iii) The names and symbols of the elements with atomic 
numbers 126, 134 and 150 are: 


z 

Name 

Symbol 

126 

Unbihexium 

Ubh 

134 

Untriquadium 

Utq 

150 

Unpentnilium 

Upn 


Problem 14. Which of the elements Na, Mg, Si and P would 
have the greatest difference between the first and second ionisation 
enthalpies? Explain. 

Solution: 

Among these elements, sodium is an alkali metal and has 
the electronic configuration, Is^, 2s^ 2p^, 3s^. EKie to the 
presence of only one electron in the valence shell the first 
ionisation enthalpy is very low. After the removal of this 
electron, the Na^ ion has inert gas configuration, i.e., Is^, 2s^ 
2p^. To remove the electron from this configuration, v cry high 
energy is required. Therefore, the second ionisation enth^py 
is expected to be very high. Consequently, the difference 
between first and second ionisation enthalpies would be 
greatest in sodium atom. 

Problem 15. The ionisation enthalpy of lithium is 520 
kJmol~^.Calculate the amount of energy required to convert 140 
mg of lithium atoms in gaseous state into LP ion. 

Solution: 

Mass of lithium = 140 mg 

= 140 X 10-^ g 
= 14 X 10”2 g 

No. of moles of Hthium = 

= 2 X 10“^ mole 

Energy required to convert 2 x 10“^ mole atoms of lithium 
into Li+ ions = 520 x 2 x 10-^ = 10.4 kj 

Problem 16. The amount of energy when million atoms of 
iodine are completely converted into J“ ions in the vapour state 
according to the equation, 

% + e-^ 4.9 X 10-^^ /. 

Calculate the electron gain enthalpy of iodine in terms of 
kJ moP^ and eV per atom. 

Solution: 

The electron gain enthalpy of iodine is equal to the energy 
released when 1 mole of iodine atoms in vapour state are 
converted into I” ions 


4.9 xl0~^^x 6.023x10^ 
10^ 


= 29.5x10“^ J = 295kJ 
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Thus electron gain enthalpy of iodine = -295 kj moF^ 

We know that 1 eV per atom = 96.49 kj moH 
Electron gain enthalpy of iodine in eV per atom 
^ 295 

" 96.49 ^ 

Problem 17. Assign the position of the element having outer 
electronic configuration 

(i) ns^p^ for n = 3 
in) in - for n = 4 

iiii) in - 2)fhn - l)d^'ns^ for n = 6 
in the periodic table. 

Solution: 

(i) The element belongs to 3rd period in = 3) and poup 16 
(10 + 2 + 4 = 16). 

(ii) The element belongs to 4th period and group 4 (2 + 2 
= 4). 

(iii) The elanent belongs to 6th period and poup 3. It is a 
member of lanthanide series and placed with lanthanum. 

Problem 18. Ttm first and second ionisation enthalpies ikj 
mol'^) of three elements I, II and III are given below: 

I II m 

Afli 403 549 1142 

A^2 . 1060 2080 

Identify the elemeint which is likely to be: 
ia) non-metal ib) an alkali metal 
ic) an alkaline earth metal 
Solution: 

(a) Element (III) is a non-metal because its A^Hi is highest 
among the three. 

(b) Element (I) is an alkali metal as its first ionisation 
enthalpy is lowest and second ionisation enthalpy is very 

high. 

(c) Element (II) is an alkaline earth metal because its first 
ionisation enthalpy is near to enttalpy of element (I) and 
second ionisation enthalpy is not very high. 

Problem 19. How would you justify the presence of 18 
elements in the 5th period of the periodic table? 

Solution: 

Each period in the periodic table starts with the fiUing of 
a principal energy shell, i.e., 5th period begins with the filling 
of 5s-orbitaL Each period is completed by filling of 
Hp-orbitals, ie., 5th period is completed when 5p-orbitals 
attain 6 electrons. Between 5s and 5p-orbitals, 4d-orbitals 
are also filled as their energies are hi^er than 5s and 
lower than 5p-orbitals. Therefore, in fifth period the electrons 
can be filled only in 5s, 4d and 5p-orbitals, ie., 9 orbitals 
are filled accommcKiating 18 electrons. Hence, 5th period 
has 18 elements. 

• Problem 20. How would you react to the statement that 
electronegativity of N on Pauling scale is 3.0 in all the nitrogen 
compounds? 

Solution: 

The statement that electronegativity of N on Pauling scale 


is 3.0 in all nitrogen compoimds is not correct as electro¬ 
negativity of any atom is not a constant quantity. It varies 
with state of hybridkation and the oxidation state of the 
element. 

Problem 21. Answer the following: 

ia) Why do elements in a group show similar chemical 
properties? . 

ib) Alkali metals have very high second ionisation enthalpy 
values. Why? 

Solution: 

(a) In a poup, all the elements have same number of 
electrons in the valence sheU and the chemical properti^ 
mainly depend on the valence electror^. Therefore, the 
elements belonging to the same poup show similar chemical 
properties. 

(b) The general electronic configuration of alkali metals is 
ns^. By losing this electron, they acquire the configuration of 
the nearest noble gas element. It is a stable configuration and 
to remove the electron from this configuration is difficult, ie., 
r^uires a large amount of energy. Therefore, the second 
ionisation enthalpy values of alkali metals are high. 

Problem 22. In terms period and group, where would you 
locate the element with Z = 113? Give the lUPAC name and 
symbol of the element. 

Solution: 

The last member of 6th period is radon (Z = 86). In 7th 
period, 7s, 5/, 6 d and 7p subsheUs are filled. The maximum 
capacity of th^e subshells is 2,14,10 and 6 respectively. 

Atomic number difference with radon is =113-86 

= 27 

Thus, the electronic configuration of the element, Z = 113, 
7s^ 5/^'* 6d'^° 7p^ 

It, therefore, belongs to 7th period and group 13 of the 
periodic table. Its lUPAC name is Ununtrium and symbol is 
Uut. 

Problem 23. What are the main factors due to which the 
ionisation enthalpy of the main group elements tend to decrease 
down the group? 

Solution: 

The ionisation enthalpy of the elements decreases down 
the group due to following two factors: 

(i) There is increase in the number of main energy shell 
in moving from element to element, i.e., atomic size 
increases gradually at each succeeding element, thereby the 
force of attraction of the nucleus towards valence electrons 
decreases. 

(ii) There is increase in the magnitude of the screening 
effect on account of increase in the inner electrons from one 
member to another and thus, the force of attraction of the 
nucleus towards valence electrons decreases and hence, the 
ionisation enthalpy decreases. 
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D SUMMARY AND IMPORTANT POINTS TO RCMeMBER □ 


1 . Mendeleev's periodic table was based on atomic masses of 
the elements. When Mendeleev presented the periodic table, 
only 63 elements weie known. He left 29 places in the table 
for unknown elements. 

2. Modem Mendeleev periodic table is ba^ on atomic 
numbers of the elements. The modem periodic law is: 
^The physical and chemical properties of the elements are 
periodic function of their atomic numbers/' 

The horizontal row in the periodic table is caEed a period 
and vertical column is called a groups There are seven 
periods and nine groups in the modem Mendeleev periodic 
table. 

3. The long or extended form of periodic table consists of 
seven periods and eighteen vertical columns (groups or 
families). The elements in a period have same number of 
energy shells, principal quantum number (n). Tl^e are 
numbered 1 to 7, . 


1 st period 

Is 

orbital filled 

2 elements 

2 nd period 

2 s2p 

orbitals filled 

8 elements 

3rd period 

3s3p 

orbitals filled 

8 elements 

4th period 

4$3d4p 

orbitals filled 

18 elements 

5th pericxl 

5s4d5p 

orbitals filled 

18 elements 

6 th period 

6s4f5dep 

orbitals filled 

32 elements 

7th period 

7s5f6d7p 

orbitals fiUed 

32 elements 

Total *118 elements 

At present 117 elements are known. 

In a vertical column (group), the elements have Similar 


valence shdl electronic configuration and therefore exhibit 
similar chemical properti^. 

4. There aie four blocks of elements : s-, p-, d- and /-blocks 
depending on the orbital which gets the last electron. The 
general electronic configuration of these blocks are: 
s-block : [Noble gas]ns^ However, hydrogen has 1 $^ 
configuration. 

p-block : [Noble gas]n$^np^~^ 
d-block : [Noble gas] (n - ^ 

/-block : [Noble gas] (n - - l)d^ W 

s-block elements occupy IA(1) and IIA(2) groups, i.c,, extreme 
left portion of the periodic table. 

p-block elements occupy IIIA{13), IVA(14), YA{15), VIA{16), 
VIIA(17) and VIIIA{18) groups, ie., right portion of the 
periodic table. 

d-block elementa occupy IIIB(3), IVB(4), VB(5), VIB(6), 
VnB(7), VinB{8,9 and 10), IB(ll) and nB(12) groups, ie, 
central portion of the periodic table. There are four i-block 
series, i.e., 3d series, 4d series, 5d series and 6 d series, each 
consisting of ten elements, Le., in all, forty rf-block elements 
are present in periodic table. 

/-block elementa are accommodated in two horizontal rows 
below the main periodic table, each row consists of 14 


elements, i.e., 28 /-block elements are pr^ent in periodic 
table. The elements in first row are termed ^-elements or 
rare earths or lanthanides while the elements of second row 
are termed 5/-elements or actinides. 

5. The elements aie broadly divided into three types : 

(i) Metals comprise more than 78% of the known ele¬ 
ments. s-block, d-block and /-block elements are metals. 
The higher members of p-block are also metals. 

(ii) Non-metals are less than twenty. (C, N, P, O, S, Se, H, 
F, Q, Br, I, He, Ne, Ar, Kr, Xe, Rn and Uuo are non- 
metals) 

(iii) Elements which lie in the torder line between metals 
and non-metals are caOed semimetals or metalloids. B, 
Si, Ge, As, Sb, Te, Po and At am mgarded metalloids. 

6 . lUPAC has given a new scheme for assigning a temporary 
name to the newly discovered elements. The name is derived 
directly from the atomic number of the ekment. However, 
lUPAC has accepted the following names of the elements 
from atomic numbers 104 to 110. 

Rutherfordium (Rf), Dubnium (Db), 

104 105 

Bohrium (Bh), Hassium (Hs), 

107 108 

Clarmstadtium (Ds) 

no 

The temporary names of the elements discovered recently 
are: 

Unununium (Uuu), 

111 

Ununtrium (Uut), 

113 

Ununpentium (Uup), 

115 

Ununoctium (Uuo) 

118 

7. The recurrence of similar propalies of the elements after 
certain definite intervals when the elements are arranged 
in the order of increasing atomic numbers in the periodic 
table is termed periodicity. The cause of periodicity is the 
repetition of similar electronic configuration of the atom 
in the valence shell after certain definite intOTals, These 
definite intervals are 2, 8, 8, 18,18 and 32. 

Periodicity is observed in a number of properties which are 
direcdy or indirectly linked with electronic configuration. 

(i) Effective nuclear charge irtcrea^ across each period, 

(ii) Atomic radii generally decrease acro^ the periods. 

(iii) Atomic radii gener^y increase on moving from top 
to bottom in the groups. 

(iv) Atomic radius is of three types : 


Seaborgium (Sg), 
106 

Meitnerium (Mt), 
109 


Ununbium (Uub), 
112 

Ununquadium (Uuq), 
114 

Ununhexium (Uuh), 
116 
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(a) Covalent radius : It is half of the distance between 
the centres of the nuclei of two similar atoms joined 
by a single covalent bond. This is generally used 
for non-metals. 

(b) Cjystal or metallic radius : It is half of the 
intemuclear distance between two nearest atoms in 
the metallic lattice. It is generally used for metals. 

(c) van der Waals' radius: It is half of the intemuclear 
distance between two nearest atoms belonging to 
two adjacent molecules in solid state. 

van der Waals' radius > Metallic radius > Covalent 

radius 
(for an atom) 

(v) Cations are generally smaller than anions. 

<vi) Cations are smaUer and anions are larger than neutral 
atoms of the elements. 

Cation < Neutral atom < Anion 
size size size 

(vii) Elements of 2nd and 3rd transition series belonging to 
same vertical columns are similar in size and properties 
due to lanthanide contraction. 

(viii) The first element is each group of the representative 
elements shows abnormal properties^ i.e,, differs from 
other elements of the group because of much smaller 
size of the atom. 

(ix) The ions having same number of electrons but different 
nuclear charge are called isoelectronic ions. 

Examples, 

(a) N3-, O^" F, Na^ Al^ 

(b) a' Sc*"" 

In isoelectronic ions, the size decreases if zje increases, 
i,e., greater the nuclear charge, smaller is the size of the 
ion. 

(x) The energy required to remove the most loosely held 
electron from the gaseous isolated atom is termed 
ionisation enthalpy. 

(xi) Ionisation enthalpy values generally increase across the 
periods. 

(xii) Ionisation enthalpy values generally decrease down the 
group. 

(xiii) Removal of electron from filled and half filled shells 
requires higher energy. For example, the ionisation 
enthalpy of nitrogen is higher than oxygen. Be, Mg and 
noble gases have high values. 

The following trend is observed in the first ionisation 
enthalpy of the elements of second and third periods. 
Second period Li<Be>B<C<N>0<F<Ne 
or Li<B<Be<C<0<N<F<Ne 
Third period Na < Mg >Al<Si<P>S<Cl<Ar 
or Na < A1 < Mg < Si < S < P < Cl < Ar 

(xiv) Metals have low iohfeation enthalpy values while non- 
metals have high ionisation enthalpy values. 

(xv) Successive ionisation enthalpies of an atom have higher 
values. 


lEj < EEjj < IE|u. 

The largest jump in between first ionisation enthalpy 
and s«:ond ionisation enthalpy is in the case of alkali 
metals as ns^ configurations change into inert gas confi¬ 
gurations. 

The largest jump in between second ionisation enthalpy 
and third ionisation enthalpy is in the case of alkaline 
earth metals. 

(xvi) The enthalpy change taking place when an electron is 
added to an isolated gaseous atorn of the element is 
called electron gain enthalpy. The first electron gain 
enthalpy of most of the elements is negative as energy 
is released in the process but the values are positive or 
near zero in case of the atoms having stable confi¬ 
guration such as Be, Mg, N, noble gases, etc. 

(xvii) Electron gain enthalpy becomes more negative from left 
to right in a period and less negative from top to 
bottom in a group. 

(xviii) Successive electron gain enthalpies are always positive. 

(xix) The elements with higher ionisation enthalpy have 
higher negative electron gain enthalpy. 

(xx) Electronegativity is the tendency of an atom to attract 
the shared pair of electrons towards itself in a bond. 

(xxi) Electronegativity increases across the periods and 
decreases down the groups, 

(xxii) Metals have low electronegativities and non-metals 
have high electronegativities. 

(xxiii) Metallic character decreases across the periods and 
increases down the group. 

(xxiv) Valency of an element belonging to s- and p-block 
(except noble gases) is either equal to the number of 
valence electrons or eight minus number of valence 
electrons, 

(xxv) The reducing nature of the elements decreases across 
the period while oxidising nature increases. 

(xxvi) The basic character of the oxides decreases while the 
acidic character increases in moving from left to right 
in a period. 

^ SOME IMPORTANT FACTS ABOUT ELEMENTS 

(i) Bromine is a non-metal which is liquid at room 
temperature. 

(ii) Mercury is the only metal that is liquid at room 
temperature. 

(iii) Gallium (m.pt. 29.8®C), caesium (m.pt. 28.5^) and 
francium (m.pt. 27^0 are metals having low melting 
points. 

(iv) Tungsten (W) has the highest melting point (338(FC) 
among metals. 

(v) Carbon has the highest melting point (4100°C) among 
non-metals. 

(vi) Oxygen is the most abundant element on the earth. - 

(vii) Aluminium is the most abundant metal. 

(viii) Iron is the most abundant transition metal. 
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(ix) Highest density is shown by osmium (22.59 g cm"^) or 
iridium (22.61 g 

(x) Lithium is the lightest metal. Its density is 0.54 g cm~^. 

(xi) Silver is the best conductor of electricity. 

(xii) Diamond (carbon) is the hardest natural substance, 
(xiii) Francium has the highest atomic volume. 

(xiv) Boron has the lowest atomic volume. 

(xv) The most abundant gas in atmosphere is nitrogm. 

(xvi) Fluorine is the most electronegative element. 

(xvii) Chlorine has the maximum negative electron gain 
enthalpy. 

(xviii) Helium has the maximum ionisation enthalpy. 

(xix) Caesium or francium has the lowest ionisation 
enthalpy. 

(xx) Helium and francium are smalest and larg^t atoms 
respectively. 

(xxi) H" and F ions are the smaUest and largest anions 
respectively. 

(xxii) H"^ and Cs"^ ions are the smallest and larg^t cations 
respectively. 

(xxiii) Caesium is the most electropositive element, 

(xxiv) Element kept in water is phosphorus, P4 (white or 
yellow). 

(xxv) Elements kept in kerosene oil are Na, K, Rb, Cs, etc. 
(xxvi) Iodine is the element which sublimes. 

(xxvii) Hydrogen is the most abxmdant element in the universe, 
(xxviii) Only ozone is the coloured gas with garlic smeO. 
(xxix) Metalloids have electronegativity values closer to 2.0. 
(xxx) First synthetic (f.e., man-made) element is technetium 
(At. no. 43). 

(xxxi) Most poisonous metal-Plutonium. 

(xxxii) Rarest element in earth's cmsFAstatine. 

(xxxiii) The elements coming after uranium are called 
transuranic elements.The elements with Z = 104 - 116, 
and 118 are called transactinid^ or superheavy 
elements. All these demoits are synthetic, i.c., man¬ 
made elements. These are radioactive elements and not 
foimd in nature. 

(xxxiv) The elements ruthenium (Ru), germanium (Ce), 
polonium (Po), francium (Fr) and americium (Am) were 
named in honour of the counfries named Ruthenia 
(Russia), Germany, Poland, France and America, 
respectively. 

The Swedish town of Ytterby has the distinction of 
having four elements named after it. These elements 
are : erbium (Er), ytterbium (Yb), yttrium (Y) and 
terbium (Tb). An element has been named californium 
(CO after an American state California. Few elements 
have been named after some faimous scientists/people 
but none of scientist/people discovered the element 
named after them. These elements are : 
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1. Samarium (Sm) 

3. Curium (Cm) 

5. Fermium (Fm) 

7. Nobelium (No) 

9. Rutherfordium (RO 
11. Bohrium (Bh) 

13, Rontgenium (Rg) 

The following elements have been named after planete 
and stai^. 

1. Mercury (Hg) 2. Uranium (U) 

3. Neptunium (Np) 4. Plutonium (Pu) 

5. Titanium (Ti) 6. Zirconitim (Zr) 

7. Cerium (Ce) 

(xxxv) The memtes of the actinide series are radioactive and 
majority of them are not found in nature. 

(xxxvi) The element rutherfordium (Rf, 104) is also caUed 
Kurchatovium (Ku) and element dubnium (Db, 105) is 
also called hahnium. 

(xxxvii) Promethium (Pm, 61) a member of lanthanide series is 
not found in nature. It is a synthetic element. 

(xxxviii) Special names are given to the members of these groups 


in periodic 
Group 1 

table. 

or 

lA 

Alkali metals 

Group 2 

or 

BA 

Alkaline earth metals 

Group 15 

or 

VA 

Pnictogens 

Group 16 

or 

VIA 

Chalcogens 

Group 17 

or 

VBA 

Halogens 

Group 18 

or 

VIIIA 

Inert or noble gases 

Group 11 

or 

(zero) 

IB 

Coinage metals 


(xxxix) Element having maximum number of isotopes—Sn 
(10 isotope) 

(xL) Least conductor among metals — Pb (Lead) 

(xLi) Heavi^t naturally occurring element — 

(xLii) Liquid radioactive element — Fr 
(xLiii) Element with highest tensile str^ — B 
(xLiv) Number of gaseous elements in the periodic table = 12 
(H2, He, N2, 02. ^2/ CI2, Ne, Ar, Xe, Kr, Rn and Uno) 
(xLv) Most maUeable metal — Au 

(xLvi) Carbon has the maximum tendency for catenation. 
(xLvii) Out of 117 known elements, 90 are found in nature. 
These are from atomic numbers 1 to 92 with the 
exception of technetium (43Tc-'a transition element) and 
promethium (^^Fm-a member of lanthanide series). 
Traces of two posturanic elements neptunium (At. No. 
93) and plutonium (At. No. 94) are foimd in nature in 
pitchblende ore. 


2. Gadolinium (Gd) 

4. Einsteinium (Es) 

6. Mendelevium (Md) 
8. Lawrencium (Lr) 
10. Seaborgium (Sg) 

12, Meitnerium (Mt) 
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•••- PRACTICE PROBLEMS -^^*1 


■ Subjective Type Questions 

Answer the following: 

(a) Name the scientist who presented 'Law of octave'. 

(b) Name the scientist who pr^ented modified periodic 
law. 

(c) What is the basis for modem Mendeleev's periodic table 
and long form of periodic table? 

(d) Name the anomalous pairs. 

(e) Name the pairs showing a diagonal relationship. 

(f) What are inner-transition elements? 

(g) How many elements are present in each of the 3d, Ad 
and 5d-series ? 

(h) Which is the long^t period in the long form of periodic 
table? 

(i) Which is the shortest period in the long form of periodic 
table? 

(j) How many incomplete periods are there in the long 
form of periodic table? 

(k) Write the general electronic configuration of ^^-blcx:k 
elements. 

(l) Write the general electronic configuration of /-block 
elements. 

(m) Which element has the highest ionisation enthalpy 
value? 

(n) Which element has the highest negative electron gain 
enthalpy value? 

(o) Which element has the highest electronegativity? 

(p) For what type of ions the ionic radius is less than the 
atomic radius? 

(q) What are the units of ionisation enthalpy or electron 
gain enthalpy? 

(r) Name the species (atoms or ions) having same number 
of electrons. 

(s) Name three elements that exist in liquid state. 

(t) How many more elements are to be discovered to 
complete the last period of the periodic table? 

(u) How many metals and non-metals are known? 

(v) Name the extreme left and extreme right groups of the 
extended form of the periodic table. 

(w) What name is given to the elements belonging to third 
period of Mendeleev's periodic table? 

(x) How many inner-transition elements are known? 

Arrange the following in increasing order of the property 

indicated: 

(i) F, Cl, Br and I (electron gain enthalpy) [LI.T. 19931 

(ii) Mg^^ Na*, F" and (ionic size) [I.I.T. 1991J 

(iii) Cr, S^~, Ca^* and Ar (size) 

(iv) Mg, Al, Si and Na (ionisation enthalpy) 

(v) Br'^, Br and Br’ (size) 

(vi) Pb, Pb^-" and Pb^'" (size) 

(vii) HCl, HF, HI and HBr (acid strength) 


(viii) % F2, Br2 and CI2 (reactivity) 

(ix) Li, Be and B (ionisation enthalpy) 

(x) Li, .Na, K, Rb and Cs (hydrated radii) 

(xi) Si02, P2O5, SO3 and CI2O7 (addic nature) 

(xii) F, Cl, Br and I (electronegativity) 

(xiii) Na, Cu and Zn (electropositive characte) 

(xiv) Na, Al, Fe and Pb (density) 

(xv) C, N, O and F (2nd ionisation enthalpy) 

3. With reference to periodic table, indicate: 

(a) an element that is in group IRA and third period. 

(b) an element with an atomic number greater than 16 and 
chemically similar to the element with atomic number 
10 . 

(c) first transition element of fourth period. 

(d) the inert gases placed in the 2nd and 5th period. 

(e) the group which accommodates lanthanides and 
actinides. 

(f) the group all members of which are metals. 

(g) position of most electropositive element. 

(h) position of most electronegative element. 

(i) the group to which most abundant element belongs. 

(j) the groups of s-block elements. 

4. (a) Group the following elements (atomic numbers given) 

into various blocks noted below: 

12, 19, 17,25,31,42,54,23,38 

(i) S“block (ii) p-block (iii) d-block 

(b) Which of the following are transition elements? 

K, Mn, Ca, Cs, Fe, Cu, Pb 

(c) In how many blocks have the elements of long form of 
periodic table been divided? Name them. 

(d) The electronic configurations of some of the elements 
are given below: 

(A) Is^, 2^ 2p^ 3s^ (B) Is^ 2s^ 2 p^ 2s^ 2p^ 

(D) ls\ 2^ 2p^, 3s^ (E) Is^, 2s^ 

(i) Name the elements. 

(ii) Which of th^e has low ionisation enthalpy? 

(iii) Which is a halogen? 

(iv) Which , is an alkali metal? 

(v) Which is an inert gas? 

5. (a) From among the elements, choose the following: 

Cl, Br, F, O, AJ, C, Li, Cs and Xe 

(i) the element with highest elytron gain enthalpy. 

(ii) the element with lowest ionisation enthalpy. 

(iii) the element whose oxide is amphoteric. 

(iv) the element which has smallest radius. 

(v) the element whose atom has 6 electrons in the 
outermost shell. 

(vi) the element which belong to zero group, 

(vii) the element which forms largest number of 
compounds. 

(viii) the element which shows diagonal relationship 
with Mg. 
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(ix) the element which is in liquid state under 
ordinary atmospheric conditions. 

(b) The elements Na, Mg, Al, Si, P, S, Cl and Ar are arranged 
in the periodic table in the increasing order of their 
atomic numbers. 

(i) Which element is the most electronegative? 

(ii) Which element is the most electropositive? 

(iii) Which element is the least reactive? 

(iv) Which elements are gases at room temperature? 

(v) Which element is the most abundant metal? 

(vi) Which element is the strongest oxidising agent? 

(vii) Which element has the electronic configuration? 

Isl 2s^ 2/, 3s^ 3pl 3pl 3pl 
(viii) Which element shows +6 oxidation state? 

(c) Pick up from the elements Na, Cl, Si and Ar, 

(i) the element with highest ionisation enthalpy. 

(ii) the element with highest electron gain enthalpy. 

(iii) the element with smallest size. 

(iy) the element with larg^t radius. 

(v) the element with lowest ionisation enthalpy. 

(d) A, B and C are the elements of a short period of a 
periodic table containing one, two and three electrons 
in their outermost shell, respectively. 

Arrange A, B and C in the increasing order of: 

(i) their ionisation enthalpy 

(ii) basic character of their oxides 

(iii) covalent character in their chlorides and 

(iv) melting points of their chlorides. 

6. (a) Give the electronic configuration of third alkali metal. 

(b) Give the electronic configuration of fifth element of first 
transition series. 

(c) Give the electronic, configuration of ninth element of 
first transition series. 

(d) Give the names and atomic numbers of the first and 
last members of the lanthanide series. 

(e) Give the names and atomic numbers of the first and 
last members of the actinide seri^. 

7. Answer the following: 

(a) Name of the groups of elements classified as s-, p~ and 
^“blocks. 

(b) In terms of electronic configuration, what the elements 
of a given period and a group have in common? 

(c) Name the groups whose elements are called represen- 
tative elements. 

(d) Write the general electronic configuration of s-, p-, 
d- and /-block elements. 

8 . Explain: 

* -y, 2 

(a) Mg ion is smaller than O “ ion although both have 
same electronic configuration. 

(b) Why nitrogen has slightly positive electron gain 
enthalpy? 

(c) Sulphur has more negative electron gain enthalpy than 
oxygen. 

(d) In a period of normal elements, which element has 
lowest ionisation enthalpy and which element has 
highest enthalpy? 
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9. The element 119 has not b^n discovered. What would be 
lUPAC name and symbol for this element? On the basis of 
the periodic table, predict the electronic configuration of 
this element and also the formula of its most stable chloride 
and oxide. 

10. Predict the formulae of stable binary compounds that would 
be formed by the following pairs of elements: 

(a) element 114 and fluorine 

(b) element 120 and oxygen. 

11. Write short notes on: 

(i) Dobereiner's triads 

(ii) Law of octaves 

(iii) Lother Meyer's curve 

(iv) The periodic law 

(v) Groups and periods in modem Mendeleev's periodic 
table 

(vi) (Srodps and periods in extended form of periodic 
table 

(vii) Representative elements 
(viii) Transition elements 

(b<) Lanflianides 

(x) Actinides 

(xi) Defects of Mendeleev's periodic table 

(xii) Merits of extended form of periodic table 
(xiii) Isoelectronic species 

(xiv) Screening effect 

(xv) .Effective nuclear charge 

(xvi) Ionisation enthalpy 
(xvii) Electron gain enthalpy 
(xviii) Electronegativity 

(xix) Covalent radii 

(xx) Ionic radii 

12. Explain the following : 

(i) There are only 14 lanthanides and only 14 actinides. 
[Hint : In lanthanides and actinides, the diflerentiating 

electron enters to in - 2)/“Subshell. The maximum 
capacity of /-subshell is of 14 electrons. Thus, there 
are only 14 lanthanides (4/^"^'^) and only 14 
actinides 

(ii) Why argon (at. m^s 39.94) has been placed before 
pol^sium (at. mass 39,10) in the periodic table? 

[M.L.N.R. 19901 

[Hint : In modern periodic table, elements have been 
placed in order of their increasing atomic numbers. 
The atomic number of argon is 18 and that of 
potassium is 19. Thus, argon has been placed 
before potassium.] 

(iii) 3d, 4d and 5d series consists of 10 elements each. 
(Hint : In 3d, 4d and 5d series, the differentiating electron 

enters to (n - l)d-subshell. The maximum capacity of 
ri“subshell is of 10 electrons. Thus, there are 10 
elements each in 3d, 4d and 5d series [(m - l)d^”^®]-] 

(iv) There are 2, 8 and 8 elements in first, second and third 
periods of periodic table respectively. 

(Hint : In first period !s is completed. Its capacity is of 
two electrons. In second period 2s 2p and in third 
period 3s 3p are completed. The capacity of these 
shells is of 8 electrons each. Thus, 2, 8 and 8 
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elements are present in tot, second and third 
periods respectively.] 

(v) Why /-block elements are so called? 

[Hint : The differentiating electron enters to in - 2)/-sub- 
shell.] 

(vi) Why zero group elements are inert? 

[Hint : Zero group elements are inert because they have 
completely filled outermost shells. Neither they 
have a tendency to lose or gain or share electron/ 
electrons with other elements.] 

(vii) The radius of a cation is lesser than atom while that 
of an anion is greater than the atom. 

[Hint : In a cation, the nuclear charge acts on lesser number 
of electrons and thus, the electron cloud contracte. 
Hence, the net result is decrease in size. In an anion, 
the nuclear charge acts on larger number of 
electrons and thus, the electron cloud expands. 
Hence, the net result is increase in size. TWs can 
also be explained on the basis of zje ratio. In cation 
zjt ratio increases, hence size decreases while in 
an anion zje ratio decreases and so the size 
increases.] 

(viii) Why the second ionisation enthalpy of an element is 
higher than the first? 

[Hint t The electrostatic attraction increases in unipc^itive 
ion than in a neutral atom.] 

(ix) First ionisation enthalpy of nitrogen is higher than the 
fkst ionisation enthalpy of oxygen. 

[Hint : Nitrogen has stable configuration as p-orbitals are 
half filled. 2s^ Hence, more 

energy is required to remove an electron.] 

(x) Why are the electron gain enthalpies of halogens so 
high? 

[Hint : The electron is easily accommodated as halogens 
acquire inert gas configuration after gaming the 
electron.] 

(xi) Why noble gases have positive electron gain enthal¬ 
pies? 

[Hint : Noble gases have a stable electronic configuration. 
Hence, it is difficult to add the electron resulting 
in positive electron gain enthalpy.] 

(xii) Why most of the compounds of the transition 
elements are coloured? 

[Hint : The ions contain unpaired ^-electrons.] 

(xiii) Why the atomic radii of Bd transition elements is same 
as 4d transition elements? 

[Hint : The increase in size that arises due to period 
change is almost compensated by lanthanide 
• contraction.] 

(xiv) Chlorine can converted into chloride ion easily as 
compared to fluoride ion from fluorine, 

[Hint 1 Chlorine has higher value of electron gain enthalpy 
as compared to fluorine.] 

(xv) s-block elemente are very active. 

[Hint I s-block elements have low ionisation enthalpies and 
thus, easily form cations.] 

(xvi) Why Be and Mg atoms do not impart colour in a 
flame? 

[Hint : Be and Mg atoms are comparatively smaller and 
their ionisation energies are very high. Hence, their 
electrons are not excited by the energy’ of the flame 
to higher energy state. Therefore, these elements do 
not give any colour in flame.] 


(xvii) Why is potassium a strongly electropositive element? 
[Hint : The ionisation potential of potassium is low. Hence, 
it can lose an electron easily. Therefore, it is strongly 
electropositive ia nature.] 

(xviii) Why alkali metals do not form dipositive ions? 


[Hint j The alkali metals after loss of one electron achieve 
stable conjuration of inert gases. The removal of 
second electron requires very high energy, hence, 
alkali metals do not form dipositive ions.] 

13. How do the following properties vary in a period and in a 
group of periodic table? 

(a) Covalent radii (b) Ionic radii 

(c) Ionisation enthalpy (d) Electron gain enthalf^ 

(e) Electronegativity (f) Metallic and non-metallic 

nature 

14. Write down the main characteristics of : 

(a) s-block elements (b) p-block elements 

(c) d-block elements (d) /-block elements 

15. Calculate the electronegativity of fluorine from the 
following data: 

Eh_h = 104.2 kcal moF^ E^_p = 36.6 kcal moF', 

. Eh-^ = 134.6 kcal moF\ Xh = 2.1. [M.L.N.R. 1996] 


Solution : Let the electronegativity of fluorine be Xp. 
Appl)dng Pauling equation, 

Xp - Xh = 0.208 [Eh_f - j (Ef-f + Eh-h)] ^ 

In this equation, dissociation energies are taken in kcal moP^. 

Xp - 2.1 = 0.208 [134.6 - | (104.2 + 36.6)] 2 = 3.76 

16. Calculate the electronegativity of carbon from the following 
data: 

Eh—H = 104.2 kcal moF^, Ec—c = ^3-1 kcal mor\ 

Ec-h = 98.8 kcal moF^ Xh = 2.1. 

Solution : 

Let the electronegativity of carbon be Xc- 
Applying Pauling equation, ^ 

Xc - Xh = 0.208 [Ec-h - | (Ec-c + Eh-h)1 2 

1 

Xc - 2.1 = 0.208198.8 - i (83.1 + 104.2)] 2 
Xc = 2.5 

17. Ionisation enthalpy and electron gain enthalpy of fluorine 
are 17.42 and 3.45 eV respectively. Calculate the electro¬ 
negativity of fluorine. 

Solution : 


According to Mulliken equation, 
^ ^ lE+Eg 


Xp = 


g g when both IE and Eg are taken in eV. 
17.42+3.45 


5.6 


= 3.726 


18. The electron gain enthalpy of chlorine is 3.7 eV. How much 
energy in kcal is released when 2g of chlorine is completely 
converted to CF ion in a gaseous state? 

(1 eV = 23.06 kcal moF^) 


Solution : 


Cl + e 
35.5 


CF + 3.7 eV 
3.7 X 23.06 kcal 
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/. Energy released for conversion of 2g gaseous chlorine 
into Cr ions 

3.7 X 23.06 


35.5 


X 2 = 4.8 kcal 


19. Calculate the electronegativity of silicon using AUred- 
Rochow method. Covalent radius of silicon is 1.175 A. 
Solution : 

AUred-Rochow equation is, 


X = 0.359 




+ 0.744 


(Z^ is calculated on the basis of Slater's rules taking all the 
electrons.) 

2 2 6 2 2 

Electronic configuration of Si is Is , 2s 2p , 3s 3p . 

(0.35 X 4 + 0.85 X 8 + 2 X 1) = 3.80 
3.80 




X - 0.359 


+ 0.744 = 1.73 


(1.175)^ 

20. The first ionisation enthalpy of Li is 5.4 eV and the electron 
gain enthalpy of Cl is 3.6 eV. Calculate AH in kcal moP^ 
for the reaction, 

uig) + dig) —> lP + cr 

Carried out at such low pressure that resulting ions do not 
combine with each other. 

Solution : 

The overall reaction is written into two partial equations. 
Li(g) —^ LP + e AEi - 5.4 eV 

dig) + e — ^ cr AE 2 = -3.6 eV 

AH = AEi - AE 2 5.4 - 3.6 = 1.8 eV 

= 1 .8 X 23.06 kcal mol”^ = 41.508 kcal mol”^ 


21 . 


22 . 


23. 


Calculate the electronegativity value of chlorine on 
Mulliken's scale, given that IP = 13.0 eV and EA = 4.0 eV. 
Ans. 3.03 

Find the electronegativity of lead with the help of the given 
values. Screening constant (a) of Pb = 76.70, atomic number 
of lead = 82 and covalent radius of Pb = 5.3 A. 

Ans. 1.55 

The ionisation enthalpies of atoms A and B are 400 and 300 
kcal mol"^ respectively. The electron gain enthalpies of 
these atoms are 80.0 and 85.0 kcal mol"^ respectively. Prove 
that which of the atoms has higher electronegativity? 


300 + 85 
2x62.5 


= 3.08 ] 


24. 


[Hint : ^A=f^^^3.84; X 5 = 

Ans: A 

For the gaseous reaction, 

K + F-> K"*" + F“, AH was calculated to be 19 kcal under 

conditions where the cations and anions were prevented by 
electrostatic separation from combining with each other. 
The ionisation enthalpy of K is 4.3 eV. What is the electron 
gain enthalpy of F? 

[Hint : 


25 . 


: K-; 

F + e -; 

19.0 
23.06 " 
0.82 = 
E = 

many Cl 


K-^ 

F“ 


A£i 

A£2 


= 4.3 eV 
= - EeV 


AEi — AE 2 = 4.3 — E 
4.3 - E , 

3.48] 

How many Cl atoms can you ionise in the process 

Cl-> CP + e by the energy liberated. for the process 

Cl + e-> cr for one Avogadro number of atoms? Given 

IE = 13.0 eV and Eg = 3.60 eV. 

[Hint : Let n atoms be ionised. 


6.02 X 10^^ X Eg = n X IE 


6.02x10^^x3.60 
. 13 


= 1.667 X 10‘ 


,23 1 
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26. Give the name and atomic number of the inert gas atom in 
which the total number of d-electrons is equal to the 
difference in numbers of total p and s-electrons. 

[Hint : Inert gas atom is loypton. Its atomic number is 36- The 
electronic configuration of Kr-atom is: 

Is^ 2^ 2p^ 3s^ 3p^ 3d’°, 4s^ 4p^ 

Total s-electrons = 8 
Total p-electrons = 18 

Difference = 18 - 8 = 10 
Total d-eleCtrons = 10 ] 

■ Matching Type Questions 

Match the following: 

(A) (a) Normal element (i) Uranium 

(b) Noble gas (ii) Copper 

(c) Transition element (iii) Cerium 

(d) Lanthanide (iv) Radon 

(e) Actinide (v) Potassium 

(B) (a) Fluorine (i) Highest negative electron 

gain enthalpy 

(b) Helium (ii) Most electropositive element 

(c) Chlorine (iii) Most electronegative element 

(d) Caesium (iv) Strongest reducing agent in soln. 

(e) Lithium (v) Highest ionisation enthalpy 

(C) (a) s-block element (i) Sulphur 

(b) pblock element (ii) Argon 

(c) d-block element (iii) Neptunium 

(d) /-block element (iv) Iron 

(e) Inert gas (v) Radium 

(D) (a) lA (i) Liquid metal (1) Halogen 

(b) d-block (ii) Liquid non-metal (2) 3s^ 3p^ 

elements 

(c) Mercury (iii) Diamond (3) ns^ 

(d) Bromine (iv) VIA group (4) Variable 

valency 

(e) Carbon (v) Alkali metals (5) Coinage metal 

(f) Sulphur (vi) Noble metal ( 6 ) Amalgam 

(g) Gold (vii) Transition (7) Hardest 

metals substance 

(E) (a) A reactive non-metal; the atom (i) Sodium 

has a large negative electron affinity 

(b) A soft metal; the atom has low (ii) Antimony 
ionisation energy 

(c) A metalloid that forms an oxide (iii) Argon 
of the formula R 2 O 3 

(d) A chemically unreactive gas (iv) Chlorine 

(F) (a) A reactive, pale yellow gas; the (i) Oxygen 

atom has a large negative electron 
affinity 

(b) A soft metal that reacts with (ii) Gallium 
water to produce hydrogen 

(c) A metal that forms an oxide of (iii) Barium 
formula R 2 O 3 

(d) A colourless gas; the atom has (iv) Fluorine 
moderately large negative 

electron affinity 
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AnswersSubjective Type Questidhs 

1, (a) Newland; (b) Moseley; (c) Atomic numbeis of elements; (d) K, 

Ar; Co^ Ni; Te, I; Pa, Th; (e) Li^ Mg; Be, Al; B, Si; (f) Lanthanides 
and actinides; (g) Ten; (h) Sixth; (i) First; (j) one, i.e, 7th period; 
(k) (n - (1) (n - 2)/'"“ (n-l)d ° ^ ’ hs^; (m) HeUum; 

(n) Chlorine; (o) Fluorine; (p) Cations; (q) eV/atom or kcal/mol 
or kj/mol; (r) Isoelectionic; {s)Franciiim, mercury and bromine; 
(t) 4; (u) Out of 117 elements 94 metals and 23 non-metals; 

(v) I or lA (alkali group), zero group, 18 (inert or noble gases); 

(w) Bridge elements; (x) 28. 

2. (i) I < Br < F < Cl; 

(ii) Mg^^ < Na"^ < F~ < O^" < [Isoelectronic ions]; 

Oil) Ca^'" < Ar < Cr < S^'; (iv) Na < Al < Mg < Si; 

(v) Br'" < Br < Br"; (vi) Pb^ < < Pb; 

(vii) HF < HCl < HBr < HI; (viii) I 2 < Br 2 < Ci 2 < F 2 ; 

(ix) Li < B < Be; (x) Cs < Rb < K < Na < Li; 

(xi) Si 02 < P 2 OS < SO 3 < CI 2 O 7 ; (xii) I < Br < Cl < F; 

(xiii) Cu < Zn < Na; (xiv) Na < Al < Fe < Pb; 

(xv)C<N<F<0. 

3.. (a) Al; (b) Ar; (c) Sc; (d) Ne, Xe lespectively; (e) IBB; if) IIA; 
(g) lA group, Vlth . period, (h) VIIA group, 2nd period; (i) VIA 
group (oxygen); (j) lA and IIA groups. 

4. (a) (i) 5 -block—12, 19, 38, (ii) p-block—17, 31, 54, (iii) d-block— 
25, 42, 23; (b) Mn, Fe, Cu; (c) Four blocks—(i) s-block, (ii) p-block, 

(iii) d-bl(xic, (iv) /-block; (d) (i) (A) Mg (B) Ne (Q N (D) Na (E) F 
(ii) D, (iii) E, (iv) D, (v) B. 

5. (a) (i) Q, (ii) Cs, (iii) Al, (iv) F, (v) O, (vi) Xe, (vii) C, (viii) Li, 

Ox) Br. 

(b) (i) a, (ii) Na, (iii) Ar,(iv) d; Ar, (v) Al, (vi) Ci, (vii) P, 
(viliF S. 


(c) (i) At, (ii) Ci, (iii) Cl, (iv) Ar, (v) Na. 

(d) (i) A < C < B, (ii) C < B < A, (iii) A < B < C, (iv) C < B < A. 

6 . (a) K—Is^, 2s^p^ 3sV' 4s’' 

(b) Mn—Is^, 2s^p* 3shp^, 4s^ 

(c) Cu—Is^, 2s^p* 3s^p*3il’®> 4s’ 

(d) Ce (Z = 58), Lu (Z = 71) 

(e) Th (Z = 90), Lr (Z = 103) 

7. (a) 5-block = groups 1, 2 

p-block = groups 13 to 18 
d-block = groups 3 to 12 

(b) For elements in a period, the number of energy shells is equal 

and for elements in the group, the number of electrons in the valence 

shell (outermost shell) is the same. 

(c) groups — 1 , 2, 13-18 

(d) 5-block : ns p-block : ns^np^~^ 
d-block : (« - l)d’-’‘’«s‘'-^; 

/-block : (B - 2 )/’"’*(n - l)d°"’ns^ 

8 . (a) Nuclear charge in Mg^'" is more than 

(b) N has stable configuration since it has half filled 2p-orbitals. 

(c) O has much smaller size than S. The electron density is high 
in oxygen and thus, addition of electron is difficult 

(d) Alkali metal has the lowest and noble gas has the highest 
ionisation enthalpy in a period. 

9. Ununennium; 2, 8 , 18, 32, 32, 18, 8 , 1; MQ; M 2 O. 

10. (a) Element 114 belongs to carbon family. Hence, the formula with 
fluorine will be AF 4 , where A repr^ents the element 114. 

(b) Element 120 belongs to alkaline earth metal's family. Hence, 
its formula of the oxide will be MO, where M represents 
element 120 . 
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ILLUSIWIONS OF OBJECTIVE QUESTIONS 


1 . What is the atomic number of last member of the seventh 
period of the extended form of periodic table? 

(a) 116 (b) 118 

(c) 120 (d) 122 

Ans. <b) 

[Hint : The last member of the sixth period is radon. Its atomic 
number is 86. In the seventh period energy shells 7s, 5/, 
6d and 7p are completed, i.e., 2 + 14 + 10 + 6 = 32 
electrons are to be accommodated. Thus, in the 7th 
period, 32 elements will be present. So, the atomic number 
of the last member will be 86 + 32 = 118.1 

2 . An element 'X' with atomic number 114 has recently been 
discovered. Its lUPAC name is: 

(a) Eka-lead (b) Ununfortium 

(c) Ununquadium (d) Bohrium 

Am. (c) 

[Hint : Un - tm - quad - ium] 

1 1 4 

3. The process requiring absorption of energy is: 

(a) F-(b)H-L 

(c) Cl-> cr (d) o —»o^- 

Ans. (d) 

[Hint : Second electron gain enthalpy is an endothermic process 
as the second electron is added to a negatively charged 
particle. Energy is needed to overcome force of repulsion.] 

4. Which transition involves maximum amount of energy? 

(a) M-(g)-> M(g) + e 

(b) M^(g) ->M%) + 2£ 

(c) M%)->M2+(g) + e 

(d) + e 
Ans. (d) 

[Hint : 3rd I.P. > 2nd LP. > 1 st I.P.1 

5. Na'^, Al^tand are isoelectronic ions. Their ionic 

size follows the order: 

(a) Na+ < Mg^-' < < Si'^ 

(b) Na* < Mg^+ < A13+ > Si*^ 

(c) Na* < Mg^'*' > Al^'^ > Si"*^ 

(d) Na+ > Mg^-^ > A13+ > Si^^ 

Ans. (d) 

[Hint : I Na* = 1.1, = 1.2, aP* = 1.3 and = 1.4 

As I increases, size decreases.] 

6 . (i) There are four d-block series. 

(ii) Total deblock elements are 40. 

(iii) Last d-block seri^ starte with element actinium. 

, (iv) All members of d-block series are stable elements and 
foimd in nature. 

The correct statements are: 

(a) (i), (ii) and (iii) (b) (i) and (iii) 

(c) (i) and (iv) (d) All 

Ans. (a) 


7. The formula of the binary compound formed by the 
element with atomic number 120 and sulphur is: 

(a) XS (b) X 2 S (c) XS 2 (d) X 3 S 

Ans. (a) 

[Hint : The electronic configuration of the element X with atomic 
number 120 is [Uuo] 8s^. Thus, it belongs to ^ond group 
and its valency is 2.] 

8 . Elements A, B, C, D and E have the following efectronic 
configurations: 

(A) 2^ 2p^ (B) Is^, 25^ 2p^ 3s^ 

(C) Is^ 2s^ 2p^, 3s 2 3p3 (D) Is^, 25^ 2p% 3^ 3p^ 

(£) Is^ 2 s^ 2 p^ 3 s 2 3p^ 4si 

The elements which belong to the same group of the 
periodic table are; 

(a) (A) and (C) (b) (A) and (B) 

(c) (A) and (D) (d) (A) and (E) 

Ans. (b) 

9. In the long form of periodic table, the number of jperiod 
indicates the value of: 

(a) atomic number 

(b) atomic mass 

(c) principal quantum number 

(d) azimuthal quantum number 
Ans. (c) 

[Hint : The serial number of the period indicates the principal 
quantum number (w) which is the value of the valence 
shell of the atoms of the elements present in that period.] 

10. Which one of the following statements is incorrect in 
relation to ionisation enthalpy? 

(a) Ionisation enthalpy increases for each successive 
electron 

(b) The greater increase in ionisation enthalpy is 
experienced on removal of electron from core noble gas 
configuration 

(c) End of valence electrons is marked by a big jump in 
ionisation enthalpy 

(d) Removal of electron from orbitals bearing lower n value 
is easier than from an orbital having higher n value 

Ans. (d) 

[Hint : Removal of electron from orbitals bearing lower value of 
n is difficult than from the orbital having higher value of 
K.l 

11 . The correct order regarding electronegativity of hybrid 

orbitals of carbon is: {C.B.S.E. 2005 ] 

(a) sp < sp^ < sp^ (b) $p < sp^ > sp^ 

(c) sp > sp^ < sp^ (d) sp > > $p^ 

Ans. (d) 

[Hint : Electronegativity increases as s-character in hybrid orbital 
increases.] 
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12. The electronic configurations of four elements are : 

(i) [Xe] 6s^ (ii) [Xe] . 

(iii) [Ar] 4sHp^ (iV) [Ar] 

Which one of the following statements about these 
elements is not correct? 

(a) (i) is a strong reducing agent 

(b) (ii) is a ii-block element 

(c) (iii) has high negative electron gain enthalpy 

(d) (iv) shows variable oxidation state 
Ans. (b) 

EHinl : (ii) is a last member of lanthanide series, ie., 4/-element.l 

13. Which of the following ions is most unlikely to exist? 

(a) Li- (b) 

(c) r (d) F- 

Ans. (a) 

[Hint : Metals are electropositive, they do not fonn anion.] 

14. The element having very high ionization enthalpy but zero 
electron gain enthalpy is: 

(a) H . (b) F 

(c) He id) Be 

Ans. (c) 

[Hint : Inert gases have zero electron affinity.] 

15. The ^cond ionization energy is maximum for : 

(a) boron (b) beryllium 

(c) magnesium (d) aluminium 

Ans. (a) 

(Hint : Bj-> Is^ Is^, 2p' 

Second electron is to be removed from completely filled 
s-subshell, which is difficult.] 
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16. The radii of F, F', O and are in the order : 

(a) 02 ->f->F>Q (b)F“>02->E>0 

(c) O^- > O > F- > F (d) O^-’ > F" > O > F 

Ans. (d) 

DHUnt : Anions are larger than neutral atoms. Oxygen is larger 
than fluorine as the nuclear charge is less.] 

17. In the sixth period, the orbitals are filled as : 

(a)6s5f6d6p (b) 6s 4f 5d 6p 

ic)5s5p5d6p (d)6s6p6d6f 

Ans. <b) 

18. In the periodic table, which of the foUovdng trends is correct 
in a period ? 

(a) Electron affinity decreases 

(b) Electronegative character decreases 

(c) Electropositive character increases 

(d) Non-metallic nature increases 
Ans. (d) 

19. The atomic radius of elements of the following series should 
be nearly the same : 

(a) Na, K, Rb, Cs (b) Na, Mg, Al, Si 

(c) Fe, Co, Ni, Cu (d) F, Cl, Br, I 

Ans. (c) 

{Hint : Transition metals of the same series have nearly the same 
atomic radius.] 

20. In the following, the element with the highest ionisation 
energy is : 

(a) [Ne] 3^ 3p^ (b) [Ne] 3$^ 3p^ 

(c) [Ne] 3s^ (d) [Ne] 3s^ 3p^ 

Ans. (b) 

[Hint : [Ne] 3s^ 3p^ is a symmetrical configuration. Thus, this 
atom has extra stability.] 
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OBJECTIVG QUESTIONS 


This set contains questions with single correct answer. 

12 . 



The ^Law of triads^ was enunciated by: 

(a) Mendeleev □ (b) Newland □ 

(c) Lother Meyer □ (d) Dobereiner □ 

2. The group number of an element in periodic table indicates: 

(a) valency with respect to hydrogen □ 

(b) the atomicity □ 

(c) the number of electrons in the outermost shell □ 

(d) none of the above □ 

3. Which of the following statements is not correct about 
Lother Meyer's classification in the form of curve? 

(a) The elements present at the peaks are chemically very 

active □ 

(b) Alkaline earth metals are present at the descending 

portions of the curve □ 

(c) Halogens occupy ascending portions of the curve □ 

(d) The elements present in the troughs are chemically very 
reactive and are known as representative elements □ 

4. Which element was named Eka-aluminium by Mendeleev? 

(a) Scandium □ (b) Gallium □ 

(c) Germanium □ (d) Indium O 

5. Without looking at the periodic table, select the elements 
of niA group of the periodic table (Atomic numbers are 
given): 

(a) 3,11,19, 37 □ (b) 5, 13, 21, 39 □ 

(c) 7, 15, 31, 49 □ (d) 5, 13, 31, 49 □ 

6 . The transition elements have a characteristic electronic 
configuration which can be represented as: 

O 
□ 
□ 
O 

7. The attempt for classifying elements by plotting the atomic 
masses of elements against the volumes was made by: 

(a) Dobereiner □ (b) Newland □ 

(c) Lother Meyer. □ (d) Mendeleev □ 

8 . Who presented the law of octave? 

(a) Dobereiner □ (b) Newland □ 

(c) Lother Meyer □ (d) Mendeleev □ 

9. How many elements, were known when Mendeleev 
presented the periodic table? 

(a) 63 □ (b) 80 ' □ 

(c) 92 □ (d) 102 □ 

10. The basis of periodic law presented by Mendeleev was: 

(a) valency □ (b) atomic mass □ 

(c) atomic number □ (d) atomic volume □ 

11 . The modem Mendeleev's periodic table consists of ..... 
groups: 

(a) seven □ (b) eight □ 

(c) nine □ (d) ten □ 


(a) in - - Ds^p^ns^ 


(b) (« 

(c) (« 


2)s^p^(f~^Hn 




Ds^p^d^^ ns^np^nd^ 


(d) (H - ^ 


13. 


14. 


15. 


The elements which occupy thek positions in periodic table 
just after the meml^rs of zero group are: 

(a) metals □ (b) gases □ 

(c) radioactive □ (d) alkali metak □ 

An element having electronic configuration [Ar] 3d^,4s^ 
belongs to: 

(a) d-block □ (b) /-block □ 

(c) s-block □ (d) p-block □ 

Elements belonging to same subgroup of periodic table 
have generally the same: 

(a) electronic configuration □ 

(b) number of electrons in the outermost shell □ 

(c) chemical properties □ 

(d) physical properties □ 

The number of elements in fifth period of periodic table is: 



(a) 8 

□ 

(b) 32 

□ 


(c) 18 

□ 

(d) 19 

□ 

16. 

An element whidr belongs to thkd period and fifth 

group 


has electronic configuration: 




(a) Is^ 2 s^ 2 p^ 3s^ 3p^ 

□ 

(b).ls^ 2 s^ 2p^ 

□ 


(c) Is^ 2 s^ 2 p^, 3s^ 3^"* 

□ 

(d) none of these 

□ 

17. 

Which of the following 

is a d-block element? 



(a) Fr 

□ 

(b) A1 

□ 


(c) Zn 

□ 

(d) Ge 

□ 

18. 

rf“block elements in long form of periodic table are placed: 


(a) on the extreme left 

□ 

(b) on the extreme right □ 


(c) at the bottom 

□ 

(d) none of these 

□ 

19. 

Ce (58) is a member of: 
(a) s-block 

□ 

(b) p-block 

□ 


(c) d^-block 

□ 

(d) /-block 

□ 

20 . 

Which of the following is not an actinide ? 
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(a) Curium 

□ 

(b) Californium 

□ 


(c) Uranium 

□ 

(d) Terbium 

□ 

21 . 

Europium is : 


ID.P.M.T. 

2005] 


(a) s-block 

□ 

(b) p-block 

□ 


(c) d-block 

□ 

(d) /-block 

□ 

22 . 

Variable valency is a general feature of: 



(a) s-block elements 

□ 

(b) p-block elements 

□ 


(c) d-block elements 

□ 

(d) none of these 

□ 

23. 

Which one of the following 

ions is paramagnetic? 



(a) Ag^ 

□ 

(b) 

D 


(c) 

□ 

(d) 

□ 

24. 

Mark the group which has maximum number of elements 


in Mendeleev's periodic table: 



(a) I 

□ 

(b) n 

□ 


(c) III 

□ 

(d) IV 

□ 


25. IHagonal relationship in periodic table is shown by 
elemente of ..... . and ...... periods : 
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(a) I and II □ (b) H and lU-s ::- .. □ 

(e) in and IV □ ^d) m^l\ ) ]i"' ' n \ 

26. An element (X) which ocan’s ,in;^|[tfe secQhd^^ 

outer electronic configuration s^/?^-what is the formula and 
nature of its oxide? 

(a) XO 3 , basic □ (b) X 2 O 3 , acidic □ 

(c) X 2 O 3 , basic □ (d) XG 2 , acidic □ 

27. An element of atomic mass 40 has 2, 8 , 8 , 2 as the electronic 
configuration. Which one of the following statements 
regarding this element is not correct? 

(a) It forms an amphoteric oxide □ 

(b) It belongs to IIA group □ 

(c) It belongs to IV period □ 

(d) It has 20 neutrons □ 

28. The most predominantly electrovalent compotmds will be 

obtained from the combination of elements belonging to: 
(a) I and VII groups □ (b) 11 and VI groups □ 

(c) III and V groups □ (d) none of these □ 

29. Which one of the following configurations represents a 
metallic character? 

(a) 2, 8 , 2 □ (b) 2, 8 , 4 □ 

(c) 2, 8 , 7 □ (d) 2, 8 , 8 □ 

30. The first ionisation enthalpies of Na, Mg, A1 and Si are in 
the order of: 

(a) Na < Mg > Ar< Si □ (b) Na > Mg > A1 > Si □ 

(c) Na < Mg < A1 > Si □ (d) Na > Mg > A1 < Si □ 

31. Ionisation enthalpy of K would numerically the same as : 


(a) Electronegativity of □ 

(b) Electron gain enthalpy of □ 

(c) Electron gain enthalpy of Ar □ 

(d) Ionisation enthalpy of Ca □ 

32. The electronegativity of the following elements increases 
in the order of: 

(a) Q N, Si, P □ (b) N, Si, C, P □ 

(c) Si, P, C, N □ (d) P, Si, N, C □ 

33. The order in which the following oxides are arranged 
according to decreasing basic nature is: 

(a) CuO, Na 20 , MgO, AI 2 O 3 □ 

(b) AI 2 O 3 , MgO, CuO, Na 20 □ 

(c) MgO, AI 2 O 3 , CuO, Na 20 □ 

(d) Na 20 , MgO, AI 2 O 3 , CuO □ 

34. The difference between ions and atoms is of: 

(a) relative size □ (b) configuration □ 

(c) presence of charge □ (d) all of these □ 

35. Na"^ is smaller than Na-atom because: 

(a) nucleus in each case contains different nucleons □ 


(b) sodium atom has an electron lesser t^an sodium ion 

(c) sodium atom has 11 electrons and sodium ion has 10 

electrons □ 

(d) the force of attraction is less in Na"^ than in Na-atom 

□ 

36. The highest valency of halogens with respect to oxygen is: 
(a) 1 □ (b) -1 □ 

(c) 2 □ (d) 7 □ 


37y: 

(a) normal elements" □ 

, . (b) noble elemeitts □ 

(c) transition elements .□ 

(d) inner-transition elements □ 

38. The ions O^ , F , Na^, Mg^"^ and Al^^ are isoelectronic. Their 

ionic radii show: [C.B.S.E. (P.M.T.) 2003] 

(a) an increase from O^ to F~ and then decrease from Na^ 

to Al^"‘ □ 

(b) a decrease from 0^~ to F~ and then increase from Na"^ 

to Al^'" • □ 

(c) a significant increase from 0 ^“ to Al^"^ □ 

(d) a significant decrease from 0 ^“ to Al^"^ □ 

39. Modem extended periodic table was given by; 

(a) Bohr □ (b) Lother Meyer □ 

(c) Mosley □ (d) none alone □ 

40. In the modem periodic table, one of the following does not 
have appropriate position : 

(a) inert gases □ 

(b) inner-transition elements □ 

(c) transition elements □ 

(d) fluorine □ 

41. Which one of the following grouping represent a collection 
of isoelectronic species? (At. numbers, Cs = 55 and Br = 35) 

[A.LE.E.E. 2003] 

(a) P- Na^ □ (b) Ca^^ Cs^ Br • □ 

(c) Be, Cr □ (d) Na^, Ca^^ □ 

42. The formation of starting from 0(g) is endothermic 

by 639 kj mor'. If electron gain enthalpy of 0(g) is -141 kj 
moP , the second electron gain enthalpy of oxygen would 
be : 


(a) 

- 780 kJ mor’ 

□ (b) + 780 kJ moP’ 

□ 

(c) 

+ 498 kJ mol”' 

□ (d) - 498 kJ moP’ 

□ 

[Hint; 0(g) + 2e~ — 

;AH = 639kJmoP 



0(g) + e — 

-4 0(g) ; AH = -141kJmoP 



Subtracting equation (ii) from equation (i) 

0(g)+^" ;AH = 639 + 141=780kJmorM 

43. Which of the following elements has the maximum electron 
gain enthalpy? 

(a) oxygen □ (b) chlorine □ 

(c) fluorine □(d) nitrogen □ 

44. The set representing the correct order of first ionisation 

enthalpy is: [LIT. (S) 2001] 

(a) K > Na > Li □ (b) Be > Mg > Ca □ 

(c) B > C > N □ (d) Ge > Si > C □ 

45. If we go from Li to F in the second period, there would be 
a decrease in: 

(a) atomic mass □ (b) atomic radii □ 

(c) ionisation enthalpy □ (d) electronegativity □ 

46. The element having electronic configuration [Kr] 4/^^, 
5s^ 5p^ 5rf\ 6 s^ belongs to: 

(a) s-block □ (b) p-block □ 

(c) rf-block □ (d) /-block □ 

47. The correct order of atomic radii is: [T IT. (S) 2000] 

(a) Na < Be < B □ (b) F" < O^' < N^ □ 

(c) Na < Li < K □ (d) Fe^^ < Fe^^ < Fe^-" □ 
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48. In going from left to right in a period: 

(a) the basic nature of the oxides increases □ 

(b) acidic nature decreases □ 

(c) the basic nature of the oxides decreases □ 

(d) no gradation in the nature of oxides is observed □ 

49. The elements with atomic numbers 58 to 71 are called: 

(a) normal elements □ (b) transition elements □ 

(c) lanthanides □ (d) aictinides □ 

50. An element R forms the high^t oxide K 2 C 5 . R belongs to: 

(a) IV group □ (b) V gioup □ 

(c) VI group □ (d) Vn group □ 

51. Transition metals are characterised by the properties except: 

(a) variable valency □ 

(b) coloured compounds □ 

(c) high melting and boiling points □ 

(d) no tendency to form complexes □ 

52. Ionisation enthalpy in the alkali group: 

(a) increases from Li to Cs □ 

(b) decreases from Li to Cs □ 

(c) remains the same □ 

(d) bears no gradation □ 

531 The ionisation enthalpy of isotopes of an element wOl be: 

(a) same □ 

(b) different □ 

(c) dependent on atomic masses □ 

(d) dependent on the number of neutrons present in the 

nucleus □ 

54. The ionic radius of a cation is always: 

(a) less than atomic radius □ 

(b) more than atomic radius , □ 

(c) equal to atomic radius □ 

(d) cannot be predicted □ 

55. The screening effect of 'd' electrons is : 

(a) much more than s-electrons □ 

(b) equal to s-electrons □ 

(c) equal to p-electrons □ 

(d) much less than s-electrons □ 

56. Which of the foUowing statements is incorrect? 

(a) Among all the elements, fluorine has the highest 

electron gain enthalpy □ 

(b) Among aU the elements, helium has the highest 

ionisation enthalpy □ 

(c) Elements of groups 1 , 2 , 13, 14, 15, 16 and 17 are called 

representative elements □ 

(d) An the d-block elements are metallic in nature □ 

57. Which of the following elements has the lowest ionisation 
-^enthalpy?' 

(a) H □ (b) Cl □ 

(c) He □ (d) Fr □ 


58. The first ionisation enthalpies of four consecutive elements 
present in the second period of the periodic table are 8,3, 
11.3, 14.5 and 13.6 eV respectively. Which one of the 
following is the first ionisation enthalpy of nitrogen? 

(um 20041 

□ (b) 14.5 □ 

□ (d) 8,3 □ 
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59 . Lowest ionisation enthalpy in periods is shown by: 

(a) inert gases : □ (b) halogens □ 

( 0 ) alkali metals □ (d) alkaline earth metals □ 

60. Which of the foUowing is basic? 

(a) F 2 * □ (b) CI 2 □ 

(c) Br 2 □ (d) I 2 □ 

61. Strongest reducing agent among the following is: 

(a) F”~ □ (b) Cr □ 

(c) Br” □ (d) F □ 

62. The elemente with atomic numbers 10, 18, 36, 54 and 86 am 
all: 

(a) light metals □ (b) inert gases □ 

(c) halogens □ (d) rare-earths □ 

63. The elements on the right side of the periodic table are: 

(a) non-metals □ (b) metals □ 

(c) transition elements □ (d) metalloids □ 

64. Which of the foUowing atoms has the largest atomic radius? 

(a) Cs . □ (b) Ba □ 

(c) Pb □ (d)Cu □ 

65. Which of the foUowing is the weakest acid? 

(a) HF □ (b) HCl □ 

(c) HBr □ (d) HI □ 

66. Electron affinity of : 

(a) carbon is higher than oxygen □ 

(b) sulphur is lesser than oxygen □ 

(c) iodine is higher than broixiine □ 

(d) chlorine is higher than fluorine □ 

67. The corr^t order of relative stability of half fiUed and 
completely filled shells is : 

(a) < p* □ (b) / > p^ > >/ □ 

(c) p^ < < rf® < p^ □ (d) ^<p^< (i“ < p® □ 

68. The electronic configuration of an element A is Is^, 2/ 2p®. 
The formula of substance containing only A will be: 

(a) A □ (b)A 2 □ 

(0 As □ (d)A7 □ 

69. The electronic configuration of element A is Is^, 2s^ 2p* 
3s^ while of the element B is Is^, 2s^ 2p®. The formula of 
the compound containing A and B will be: 

(a) AB □ (b) AzB □ 

(c) ABz □ (dlAzBft □ 


70. The valency shell of element A contains 3 electrons while 
the valency shell of element B contains 6 electrons. If A 
combines with B, the probable formula of the compovmd 


formed will be: 

(a) ABz □ (WAzB □ 

(c) A 2 B 3 D (d) A 3 B 2 D 

71. Which one of the following has the highest melting point? 

(a) Na □ (b) Mg □ 

(c) K □ (d) A1 □ 

72. Which one of the following is most addic? 

(a) AI 2 O 3 □ (b) NazO □ 

(c) MgO □ (d) CaO Q 

73. Which of the foUowing is an amphoteric oxide? 

(a) MgO □ (blAlzOs : 

(c) SiOz □ (d) P 2 O 5 □ 


(a) 13.6 
(c) 11.3 
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74. Which of the following is the correct statement? 

(a) SO 2 is anhydride of sulphuric acid □ 

(b) NO 2 is anhydride of nitric acid □ 

(c) CI 2 O 7 is anhydride of perchloric acid □ 

(d) P 2 O 5 is anhydride of orthophosphorus acid □ 

75. Which is the most acidic oxide? 

(a) CI 2 O □ (b) CI 2 O 3 O 

(c) CI 2 O 5 , O (d) CI 2 O 7 □ 

76; Which of the following halides is not oxidised by Mn 02 ? 
(a) F“ □ (b) Cr □ 

(c) Br’' □ (d) r O 

77. Which of the following orders is correct for the relative 
strength of the acids? 

(a) Ha 04 > HNO 3 > H 2 SO 4 > HQ □ 

(b) Ha 04 > HCl > HNO 3 > H 2 SO 4 □ 

(c) Ha 04 > H 2 SO 4 > HCl > HNO 3 □ 

(d) Ha 04 > HNO 3 > H 2 SO 4 > HCl □ 

78. The most non-metallic element among the following is: 

(a) Is^, 2s^ 2 p* O (b) Is^ 2 s^ 2p^ □ 

(c) ls\ 7 / 2p* □ (d) Is^ 2 s^ 2p^ □ 

79. The highest bond strength amongst the following, is of: 

(a) HF □ (b) HCl □ 

(c) HBr □ (d) HI □ 

80. An element M has an atomic number 9 and atomic mass 19. 
Its ion will be represented by: 

(a) M □ (b) ivf* □ 

(c) M' □ (d) □ 

81. The total number of elements known are: 

(a) 92 □ (b) 117 □ 

(c) 100 □ (d) 118 □ 

82. Atomic and ionic radii are exposed in: 

(a) an^trom umts □ (b) mm □ 

(c) cm □ (d) nm □ 

83. The atomic masses of Li and K are 7 and 39, respectively. 

According to law of triads the atomic mass of Na will be: 
(a>23 □ (b)32 □ 

(c) 46 □ (d)64 □ 

84. Atoms of which of the following groups lose electrons most 
easily? 

(a) Li, Na, K □ (b) Q, Br, I □ 

(c) O, S, Se □ (d) N, P, ^ □ 

85. The maximum ionisation enthalpy in a period is shown by: 

(a) alkali metals □ 

(b) inert gases □ 

(c) representative elements □ 

(d) halogens □ 

86 . The 14 elements have been placed in Vlth period and third 
group of the periodic table. They are. called: 

(a) alkaline earth metals □ (b) inert gases □ 

(c) alkali metals □ (d) rare“earth metals □ 

87. Which of the following electronic configurations represents 
most electropositive element? 

(a) [He] 2s^ □ (b) [He] 2^ □ 

(c) [Xe] 6 s’ □ (d) [Xe] 6s^ □ 
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88. 


89. 


In the series carbon, nitrogen, oxygen and fluorine, electron¬ 
egativity: 

(a) decreases from carbon to fluorine □ 

(b) remains constant □ 

(c) decreases from carbon to oxygen and then increases □ 

(d) increases from carbon to fluorine □ 

Ionisation energy of nitrogen is more than oxygen because: 


90. 


(a) nucleus has more attraction for electrons 

(b) half filled p-orbitals are more stable 

(c) nitrogen atom is small 

(d) more penetration effect 
Lanthanide contraction explains : 

(a) density of the series 

(b) atomic volume of the series 

(c) chemical activity of die series 

(d) size of the atoms of the series 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


91. The outermost electronic configuration of the most electron¬ 


egative element is: 
(a) ns^ np^ 


(c) ls^2s^2p*, 3s 


(d) Is^ 2s^ 2p^ 35^ 3p^ 3d’“, 4s’ 4p^ 


□ (b) ns^ np‘' □ 

(c) re" np= □ (d) ni np^ □ 

92. Amongst the foEowing elements (whose electronic config¬ 

urations are given below) the one having highest ionisation 
energy is: [IXT. 1990; .C3.SMAFM.T.) 20091 

(a) [Ne] 3s^ 3p’ □ (b) [Ne] 3s^ 3p® □ 

(c) [Ne] 3s^ 3p^ □ (d) [Ar] 4s^ 4p^ O 

93. The electronic configuration of the element which is just 
above the element with atomic number 43 in the same 
periodic group is: 

(a) Is^ 2s^ 2p^ 3s^ 3p^ 4s^ □ 

(b) Isl 2/ 2pt 3s^ 3p^ 3^’“ 4s^ 4p^ □ 

'3p®3d‘,4s’ □ 

□ 

94. The statement that is not correct for the periodic classi¬ 
fication of elements is: 

(a) The properties of elements are periodic functions of their 

atomic numbers □ 

(b) Non-metaUic elements are lesser in number than 

metallic elements □ 

(c) The first ionisadon energies of the elements along the 

periods do not vary in a regular manner with the 
increase in atomic number O 

(d) For transition elements the <i-subshells are filled with 

electrons monotonically with increase in atomic 
number □ 

95. If the atomic ntunber of an element is 33, it will be placed 
in the periodic table in the: 

(a) first group □ (b) third group □ 

(c) fifth group □ (d) sevendi group □ 

96. Which one of dte following ions l^s the smallest radius? 


(a) C"” □ (b) S^" 

(c) K* □ (d) 

97. The most electrop(»itive element is: 
(a) Cs □ (b) Ga 

(c) Li □ (d) Pb 


□ 

□ 

□ 
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98. Among the following, the element which is not liquid at 
room temperature (3(PC) is: 

(a) Ga n (b) Ge □ 

(c) Cs O (d) Br □ 

99. WMch of the block of elements does belong to inert gases? 

(a) s~block □ (b) p-block □ 

(c) ^i-block □ (d) /-block □ 

100. Which of the following elements has the lowest ionisation 
enthalpy? 

(a) Na O (b) K □ 

(c) Mg □ (d) A1 □ 

lOL Which one of the following is smallest in size? 

(a) Na^ □ (b) □ 

(c) □ (d) F" □ 

102. Which of the following has the lowest ioni^tion enthalpy? 

(a) 4s^ □ (b) 3d^ O 

(c) □ (d) □ 

103. Of the following elements, which one has the highest 
electronegativity? 

(a) I □ (b) Br □ 

(c) Cl □ {d)F O 

104. Which of the following is the smallest cation? 

(a) Na-" □ (b) □ 

(c) □ (d) Al^-" □ 

105. Among the following outermost configurations of tran¬ 

sition metals which shows the highest oxidation state, is: 
(a) 4/ □ (b) 3d^ 4s^ □ 

(c) 4s^ □ (d) 3d®, 4s^ □ 

106. Which of the following ions has the lowest magnetic 
moment? 

(a) Cu^-" □ (b) Ni^-^ □ 

(c) □ (d) □ 

107. Modem periodic table is based on the atomic number of 
the elanents. The experiment which proved the significance 
of the atomic numl«r was: 

(a) Millikan's oO drop experiment O 

(b) Moseley's work on X-ray spectra □ 

(c) Bragg's work on X-ray diffraction □ 

(d) Discovery of X-rays by Rontgen O 

108. Which of the following pairs has both members from the 
same group of the periodic table? 

(a) Na, Ca □ (b) Na, Cl □ 

(c) Ca, Cl □ (d) Cl, Br □ 

109. Which of the following set of ions represents a collection 

of isoelectionic species? IA,LE.E»E, 20061 


(a) Ba^*, K'", Ca^'" 

(c) O^- F- S"- 


(b) Cr Ga^^ 
(d) Li-", Na% 


110. Aluminium is diagonahy related to: 

(a) Li O (b) Si □ 

(c) Be □ (d) B □ 

111 , In the sixth period of the extended form of periodic table, 

the orbitals are filled as : . 

(a) 6s, 5/, 6d, 6 p □ (b) 5s, 5p, 5d, 6 p □ 

(c) 6s, 6p, 6 d, 6/ □ (d) 6s, 4/, Sd^ 6p □ 


112. Chloride of an element 'A' gives neutral solution in water. 
In the periodic table, the element 'A' belongs to: 

(a) first group □ (b) third group □ 

(c) fifth group □ (d) first transition series □ 

113. Which one of the following belongs to representative group 
of elements in the periodic table? 

(a) Lanthanum □ (b) Argon □ 

(c) Chromium □ (d) Aluminium □ 

114. An element of atomic number 29 belongs to: 

(a) s-block □ (b) p-block □ 

(c) ^i-block □ (d) /-block □ 

115. A trend common to both groups 1 and 17 elements in the 
periodic table as atomic number incre^es is: 

(a) increase in oxidising nature !□ 

(b) increase in atomic radius □ 

(c) increase in maximum valency □ 

(d) increase in reactivity with water □ 

116. Which of the following has largest radius? 

(a) O^- □ (b) Mg^^ □ 

(c) Na"" □ (d) F' □ 

117. Which one is the correct order of the size of the iodine 
species? 

(a) I > r > r □ (b) I > r > r o 

(c) c > r > 1 o (d) r > I > r □ 

118. Which of the following configurations represents atoms of 
element having a large difference between first and the 
second ionisation energy? 

(a) Isl 2^ 2p* □ (b) ls\ 2^ 2 »® □ 


(a) Is^ 2 ^ 2p^ 

(c) Is^ 2s^p®, 3s^ 


■ (b) 1 ^. 2p® 

(d) Is^ 2 shp^, 3^ 


119. In which of the following arrangements, the order is not 
according to the property indicated against it ? 

20051 

(a) Al^'*' < Mg^"*" < Na"*" < F“ increasing ionic size □ 

(b) B<C<N<0 increasing first ionisation enthalpy O 

(c) I < Br < F < Cl increasing electron gain enthalpy 

(with negative sign) □ 

(d) Li < Na < K < Rb increasing metallic radius □ 

120. A sudden large jump between the valu^ of second and third 
ionisation energies of an elei/ient would be associated with 
the electronic configuration: 

(a) Is^ 2s^ 2p®, 35^ □ (b) Is^ 2s^ 2^®, 3s^ 3p^ □ 


(c) Is^ 2/ 2 f®, 3s^ 3p^ □ (d) Is^ 2s^ 2?“, 3s^ □ 

121. In the long form of the periodic table, all the non-metals 
are placed with: 

(a) s-block O (b) p-block □ 

(c) d-block □ (d) /-block □ 

122. The lanthanide contraction is responsible for the fact that : 

[A.LEEE, 20051 

(a) Zr and Y have about the same radius □ 

(b) Zr and Nb have similar oxidation state □ 

(c) Zr and Hf have about the same radius □ 

(d) Zr and Zn have the Sc^me oxidation state □ 

123. Of cobalt and zinc salts, w hich are attracted in magnetic 

field? 

(a) Cobalt salts Zinc salts □ 

(c) Both □ None □ 
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124. The electronic configuration of an element is 2s^ 

3s^ 3p^. What is the atomic number of the element which is 
just below the above element in the periodic table? 

(a) 34 □ (b) 49 □ 

(c) 33 □ (d) 31 . □ 

125. Element X belongs to 4th period. It contains 18 and 1 

electrons in the penultimate and ultimate orbit. The X 
should be: 

(a) normal element □ (b) transition element □ 


(c) inert gas □ 

(d) inner-transition element □ 

126. Electron gain enthalpy of X would be equal to: 

(a) electron affinity of X" □ 

(b) ionisation potential of X” □ 

(c) ionisation pota:itial of X ^ 

(d) none of the above □ 

127. Element with atomic number 35 belongs to: 

(a) 3rd period □ (b) 18th group □ 

(c) 5th f^iiod O (d) 17th group □ 

128. Most of the man-made synthetic elements occur: 

(a) in actinide series □ (b) in lanthanide series □ 

(c) in coinage metals □ 

(d) in alkaline earth metals □ 

129. Which is the largest stable atom? 

(a) V □ (b) Na □ 

(c) A1 □ (d) Pb □ 

130. Which of the following is strongest base? 

(a) Be(OH )2 □ (b) MgfOHla □ 

(c) A 1 ( 0 H )3 □ (d) Si(OH )4 □ 

131. Which has largest atomic size? 

(a) A1 □ (b) □ 

(c) □ (d) Al-^ □ 

132. Alkaline earth metals form ions of the formula: 

(a) M* □ (b) M" □ 

(c) □ (d) M^~ □ 

133. Which one of these is basic? 

(a) CO 2 □ (b) Sn 02 □ 

(c) NO 2 □ (d) SO 2 □ 

134. Of cobalt and zinc salts, which are attracted in a magnetic 
field? 

(a) Cobalt salts □ (b) Zinc salts □ 

(c) Both (a) and (b) □ (d) None □ 

135. Which of the following species has the highest electron gain 
enthalpy? 

(a) F” □ (b) O □ 

(c) O" □ (d) Na^ □ 

136. Among the isoelectromc species, S^“, CF and Ca^^ the 
radii of the ions decrease as: 

(a) > K-" > a" > S^“ □ 

(b) a" > □ 

(c) ^"> cr > K'^ > □ 

(d) K”" > > S^~ > cr □ 

137. The incorra:± statement among the following is: 

(a) The first ionisation potential of A1 is less than the first 

ionisation potential of Mg □ 


138. 


139. 


140. 


141, 


142. 


143. 


144. 


145. 


146. 


147. 


148, 


(b) The second ionisation potential of Mg is greater than 

the second ionisation potential of Na □ 

(c) The first ionisation potential of Na is less than the first 

ionisation potential of Mg □ 

(d) The third ionisation potential of Mg is greater than third 

ionisation potential of A1 □ 

Element with atomic number 56 belongs to which block? 

[A,F.M,C. 2002 ] 

(a) s a (h)p □ 

(c) d □(d)/ □ 

Which of the following orders is wrong? [C.B.S.E, 2002] 

(a) NH 3 < PH 3 < AsHg - Acidic □ 

(b) Li < Be < B < C - JEi □ 

(c) AI 2 O 3 < MgO < Na 20 < K 2 O - Basic □ 

(d) LF < Na"^ < Ionic radius O 

Which is true alx)ut electronegativity order of the following 
elements? [B.V. (Pune) 2002] 

(a) P > Si □ ‘ (b) C > N □ 

(c) C > Br □ (d) Sr > Ca □ 

Eka-aluminium and Eka-silicon are known as: 

IM.LJLCKerala) 2002 ] 


(a) gallium and germanium □ 

(b) aluminium and silicon □ 

(c) iron and sulphur □ 

(d) proton and silicon □ 

Two elements whose electronegativities are 1.2 and 3.0, the 
bond formed between them would be: [F.E.T.fM.P.) 2002] 
(a) ionic □ (b) covalent □ 

(c) coordinate □ (d) metallic □ 

Chloride ion and potassium ion are isoelectronic. Then: 

[K,C,ET. 2002] 


(a) their sizes are same □ 

(b) cr ion is bigger than K"^ ion . □ 

(c) ion is relatively bigger □ 

(d) their sizes depend on other cation and anion □ 

Identify the least stable ion amongst the following: 

[I.LT.(S) imil 

(a) Li" □ (b) Be" □ 

(c) B" □ (d) C" O 

Increasing order of electron gain enthalpy is: 

tP.E.T.(Raj3 20031 

(a) N < O < Cl < Al □ (b) O < N < A1 < Cl □ 

(c)Al<N<0<a □ (d)Cl<N<0<Al □ 

Which of the following sets is of coinage metals? 

ID.P.M.T, 2CM)31 

(a) Cu, Ag, Hg □ (b) Zn, Cd, Hg □ 

(c) Au, Ag, Zn □ (d) Li, Na, K □ 

According to modem periodic law, variations in the 
properties of elements is related to their: [A.LEE.E. 2003] 
(a) atomic weights □ (b) nuclear weights O 


(c) atomic numbers □ (d) neutron-proton ratios □ 

Which of the following has maximum ionisation enthalpy? 

[EM,E (Fb.) 20031 
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(a) K □ (b) Na □ 

(c) Mg □ (d) Be □ 

149. The electronic configuration of transition elements is 

exhibited by: tP.M,T. (Pb.) 20031 

(a) n$^ □ (b) ns^ njP' □ 

(c) ns^ {n - l)d“ □ (d) (n - 1) ns“ ' ^ □ 

150. General electronic configuration of outermost and penulti¬ 
mate shell is (w - 1) (m -l)p*(« - 1) d’‘ ns^. K « = 4 and 
X = 5, then number of protons in the nucleus will be: 

[P.E.T. (M.P.) 2003] 


(a) > 25 □ (b) <24 □ 

(c) 25 □ (d) 30 □ 

151. Increasing order of density is: [P.E.T, (M.P.) 2003] 

(a) Li < K < Na < Rb < Cs □ 

(b) U < Na < K < Rb < Cs □ 

(c) Cs < Rb < K < Na < U □ 

(d) K < li < Na < Rb < Cs □ 

152. Outer electronic configurations of K, Cu and Cr are 

respectively: IB.H.U. 2003] 


(a) 4s\ 3d® □ (b) 4s^ 3d“ 3d^ O 

(c)4s^3d^3d^ □ (d)4s^3d®3d^ □ 

153. Identify the correct order of the size of the following: 

[C.B.S.E. 2007, 10] 


(a) Ca^”" < K’' < Ar < cr < S^' □ 

(b) Ar < Ca^* < < a“ < □ 

(c) Ca^*. < Ar < < Cr < S^" □ 

(d) Ca^'" < K'" < At < S^“ < CF □ 


154. With which of the following electronic configuration an 

atom has the lowest ionisation enthalpy? (C.B.S.E. 2007] 
(a) Is^ 2s^ 2p® □ (b) Is^ 2s^ 2p® 3s^ □ 

(c) Is^ 2s^ 2p® □ (d) ls‘ 2s^ 2p® □ 

155. In which erne of the following pairs the radius of the second 

species is greater than that of the first? fPJLT. (Kerala) 2007] 
(a) Na, Mg □ (b) N®" □ 

(c) Lf, Be^^ ' □ (d) Ba^-", Sr^^ □ 

(e) Al, Be □ 

156. The electronic configurations of four elements are given 
below. Arrange these elements in the correct order of the 
magnitude (without sign) of their electron affinity. 

(i) 2s^ 2p® (ii) 3s^ 3p® 

(iii) 2s^ 2 p* (iv) 3s^3p^ 

Select the correct answer using the codes given below: 

[P.M.T, (Kerala) 2007] 
(a) (i) < (ii) < (iii) < (iv) □ (b) (ii) < (i) < (iv) < (iii) □ 

(c) (i) < (iii) < (iv) < (ii) O (d) (iii) < (iv) < (ii) < (i) □ 

(e) (iii) < (iv) < (i) < (ii) □ 

157. The electronic configuration of the atom having maximum 
difference in first and second ionisation energies is: 

[P,M.T. (Kerala) 2007] 
(a) Is^ 2s^ 2p®, 3s^ □ (b) Is^ 2s^ 2p®, 3s^ □ 

(c) Isl 2s^ 2p^ □ (d) Is^, 2s^ 2p®, 3s^ 3p® □ 

(e) Is^ 2s^ 2p® □ 


158. Which of the following has lowest ionisation energy? 

[C.P.M.T. 2007] 


(a) Oxygen □ (b) Nitrogen □ 

(c) Fluorine □ (d) Sulphur □ 

159. The electronic configuration of the element with maximum 

electron affinity is: [P.E.T. (Kerala) 2008] 

(a) Is^ 2s^ 2p® □ (b) Is^ 2s^ 2p® □ 

(c) Is^ 2s^ 2p^ 3s^ 3p® □ (d) Is^, 2s^ 2p®, 3s^ 3p® O 

(e) Is^, 2s^ 2p®, 3s^ □ * 

160. The first ionisation energy of oxygen is less than that of 

nitrogen. Which of the following is the correct reason for 
this observation? [P.E.T. (Kerala) 2008] 

(a) Lesser effective nuclear charge of oxygen than nitrogen 

□ 

(b) Lesser atomic size of oxygen than nitrogen □ 

(c) Greater inter-electron repulsion between two electrons 

in the same p- orbital coxmter balances the increase in 
effective nuclear charge on moving from nitrogen to 
oxygen O 

(d) Greater effective nuclear charge of oxygen than nitre^en 


□ 

(e) Higher electronegativity of oxygen than nitrogen □ 

161. Column I Column II 

(A) He (i) High electron gain enthalpy 

(B) Cl (ii) Most electropositive element 

(C) Ca (iii) Strongest reducing agent 

(D) Li (iv) Highest ionisation energy 

The correct match of contents in Column I with those in 
Column n is: [P.IX (Kerala) 2008] 

(a) A—(iii), B—(i), C^iiX D—(iv) □ 

(b) B-(iii), C—(ii), D—(0 □ 

(c) AMii), Mv), C-^(i), D»~(iii) □ 

(d) A-^ai B^(ii), C-Kiii), I>-(iv) . □ 

(e) A—(iv), B-<i), C-~(ii), D-ini) □ 

162. An element X belongs to fourth period and fifteenth group 
of the periodic table. Which one of the following is true 
regarding the outer electronic configuration of X? It has: 

[P.M.T. (Kerala) 2008] 
(a) partially fiOed i^-orbitals and completely filled s-orbital 


(b) completely filled s-orbital and completely filled 

p-orbitals □ 

(c) completely filled s-orbital and half filled p-orbitals O 

(d) half filled d-orbitals and completely filled s-orbital O 

(e) completely filled s-, p- and if-orbitals □ 

163. The correct order of incm^ing electron affinity of halogens 

is: [P.E.T. (M.P.) 200B] 

(a) F < Cl < Br < I . □ (b) I < Br < F < Cl □ 

(c) I < Br < Cl < F □ (d) Br < I < F < Cl □ 

164. In which of the following arrangements, the sequence is not 

strictly according to the property written against it? 

f 2009] 

(a) CO 2 < Si 02 < Sn 02 < Pb 02 : increasing oxidising power □ 

(b) HF < HCl < HBr < HI : increasing acid strength □ 
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(c) NH 3 < PH 3 < AsHs < SbHs: increasing basic strength □ 

(d) B < C < O < N : increasing first ionisation energy □ 
165. The set representing the correct order of ionic radius is: 


[AJ,E.E.E, 2009] 


(a) U" > Be^" > Na" > Mg^" 

□ 

(b) Na" > Li" > Mg^" > Be^" 

□ 

(c) U" > Na" > Mg^" > Be^" 

□ 

(d) Mg^" > Be^" > Li" > Na" 

□ 


166. The correct order of ionisation energy of C, N, O, F is : 

[CEX (Karnataka) 2009] 
(a)F<N<C<0 □ (b)C<N<0<F □ 

(c)C<0<N<F □ (d)F<0<N<C □ 

167. Ionisation energy of He"^ is 19.6 x lO”^® J atom^\ The energy 
of the first stationary state (n = 1 ) of Li^"^ is : 


[A.LE.E,E, 2010] 

(a) 8.82 X 10“^^ J atom"^ □ (b) 4.41 x 10^^^ J atom'^ □ 
(c) -4.41 X J atom""^ □ (d) -2.2 x 10^^^ J atom*"^ □ 
[Hint : Eh (te H) x = I.E. 

Eh X 4 - LE, of = -19.6 x 10"^^ J 


or 


^ 19,6x10"’% 

Eh =-J 


4 


Ey2+ — Eh X 9 


19.6x10^^^ 


x9 


= -44.1 X J = -4.41 X 10"^^ J ] 


168. The correct sequence which shows decreasing order of the 
ionic radii of the elements is : IA.LE;E,E, 2010 ) 


(a) > F‘ 


> Na'" > > Al^'’ 


(b) > Mg^"- > Na"- > F" > 

(c) Na* > Mg^"- > Al®-’ > > F 

(d) Na"" > F" > Mg^"- > O^" > Al^-" 


□ 

□ 

□ 

□ 


(Him 


The ionic radii decreases in isoelectronic species as atomic 
number increases ie.^ z/e increases. 

Ions O^- F“ Na’' Ap'" 


z/e 


8 


^0.8 


: 1.2 


13 


= 1.3 ] 


9 11 12 

~ = 0.9 — = 1.1 

10 10 10 10 10 

169. Among the elemoits Ca, Mg, P, Cl, the orda: of increasing 

atomic radii is : (F.M.T,) 2010] 

(a) Mg < Ca < a < P □ (b) Cl < P < Mg < Ca □ 

(c)P<a<Ca<Mg □ (d)Ca<Mg<P<a □ 

170. Which of the following represents the correct order of 
increasing electron gain enthalpy with negative sign ? 

IC,B,S.E (EMX) 2010] 


(a)Ci<F<0<S □ (b)0<S<F<Cl □ 

(c) F < S < O < Cl □ (d) S < O < Cl < F □ 

171. In a periodic table, the basic character of oxides : 

IJ.EE. (W.B.) 2010 ] 

(a) increases from left to right and decreases from top to 

bottom □ 

(b) decreases from right to left and increases from top to 

bottom n 

(c) decreases from left to right and increases from top to 

bottom □ 

(d) darreases from right to left and da:reases from top to 

bottom □ 

172. Which of the following orders regarding ioidzation energy 

is correct ? 0 .EE (W,B 4 2010 ) 

(a) N > O > F □ (b) N < O < F □ 

(c)N>0<F □ (d)N<0>F □ 

173. The diagonal partner of element B is :l|*E»E» (Orissa) 2010) 

(a) Li □ (b) A1 □ 

(c) Si d (d) Mg □ 

174. The first (AiHi) and second (AiH 2 ) ionisation enthalpies 
(in kj moF^) and the electron gain enthalpy (AggH) in 
kj moF^ of elements I, H, III, IV and V are given below : 


Element 

Aft 

4 H 2 

4gH 

I 

520 

7^0 

-m 

II 

419 

3051 

-48 

III 

1681 

3374 

-328 

IV 

1008 

1846 

-295 

V 

2372 

5251 

+ 48 

The most 

reactive metal 

and least reactive 

non-metal of 


these are respectively : IP.E,T. (Kerala) 2010] 

(a) land V □ (b) V and H □ 

(c) n and V □ (d) IV and V □ 

[Hint : The values suggest that I is Li, II is K, III is Br, IV is I 
and V is He.) 

175. The electron affinity values of elements A, B, C and D are 
respectivdy -135/-60, -2(X) and -348 kJ moFl The outer 
electronic configuration of B is : lEA,M,d,T, (Engg,) 2010 ] 
(a) 3s^3p® □ (b) 3shp* □ 

(c) 3s^3p^ □ (d) 3s%p^ □ 


Set II: This set contains questions with two or more correct answers. 


176. Covalency is favoured in the following cases: 

(a) a smaller cation □ 

(b) a larger anion □ 

(c) large charges on cation and anion □ 

(d) a cation without noble gas configuration □ 

176, Stability of ions of Ge, Sn and Pb will be in the order: 

(a) Ge^"" < < Pb^-" □ (b) Ge*'" > Sn*" > Pb*" □ 

(c)' Sn*" > Sn^" □ (d) Pb^" > Pb*" □ 

178. Which of the following statements is/are correct? 

(a) Tl^’^salts are oxidising agents □ 

(b) Ga”*” salts are redudng agents □ 


(c) Pb^ salts are better oxidising agents □ 

(d) As^ salts are oxidising agents □ 

179. Which of the following oxides are amphoteric? 

(a) BeO □ (b) SnO □ 

(c) O (d)Al 203 □ 


180. Gn moving down the group from F to I, which of the 
properties decrease? 

(a) Ionic radius □ (b) Ionisation energy □ 

(c) Oxidising agent □ (d) Electronegativity □ 

181. The elements which exist in Hquid state at room tempera¬ 
ture are: 
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J'-' w Hg ■ r ' p _id)pa - - □ 

ISSiw^Whidii bf tfie ^aHbwmg“i§/are tfie Sbriec^df der of to 

(a) Li'' < Na'' < K'' □ (b) Na* < Mg^''' < Al^'' □ 

(c) Al®'' < Mg^'^ < Na'' □ (d) LP > Na-" > K* □ 

183. Stability order of +3 and +1 states of boron fanuly element 
is: 

(a) Ga^* < In^'- < Tl^ □ (b) Ga' > In" > Tl" □ 

(c) Ga'" < In" < Tl" □ (d) Ga^" > Ga" □ 

184. Which of the following pairs contain elemente with similar 
atomic radii? 

(a) Co, Ni □ (b) Zn, Mo □ 

(c) Rh, It □ (d) Hf, Ti □ 

185. Which of the following species h^ same number of 
unpaired electrons? 

(a) Cr^" □ (b) Mn^" □ 

(c) Fe^" □ (d) Cu^" □ 
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(d) Rf 


(b) ^®cr 


< 


186. Wuch of the foEowing elements belongs to halogen group? 

/ .□ 

<b) IsVis^ 2p^ 3^^ 

(c) [Ar] 3d“, 4s^ □ (d) [Kr] 4d“ 5s^ 5p® 

187. Which of the foEowing represents the same element? 

(a) 105 □ (b) Unnilpentium 

(c) Ha O 

188. Ionic radius of : 

(a)Tp"<Mn^" □ 

(c)K">Cr □ (d)P^">P^" 

189. Select the process/es which is/are endothermic in nature ? 

(a)H + e”->H" □ (b)0~ + e"- >C^~ □ 

(c) Ar + e”-^Ar” O (d) M->M" + e‘' □ 

190. Choose the pair in which lEj of the first element is greater 

than IE] of second element but in case of IE 2 . The order is 
reversed : 

(a) N,0 □ (b)F,0 □ 

(c) Be,B □ (d)P,S □ 


□ 

□ 


□ 
□ 

ri.I.T. 19991 
□ 
□ 
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185. (b,c) 
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187. (a,b,c) 
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189. (b,c,d) 

190. (a,c,d) 
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Objective Questions for IIT ASPIRANTS 


1. The pammagnetic sf^ies among the following is : 

Na-", Cu% 

(a) Na-^. (b) Zn^-" (c) Cu-" (d) Fe^-" 

[Hint : Paramagnetic species have at least one unpaired electron. 
Write the electronic configuration arid observe the unpair- 
ed orbital. 

Na'*' : 2s^ 2p^ — All paired ; 

( 11 ) 


: Is^ 2s^ 2p®, 3s^ 3p* 3d’“ 


Cu'" : l/, 2s^ 2p^ 3s^ 3p* 3d'° 


— All paired; 


All paired ; 


(29) 

Fe^ : Is^, 2s^ 3s^ Sp^ 3d^ — Unpaired orbitals] 

(26) 

2. The diamagnetic species among the following is : 

Cu^-" , Co®+, Cd^-" 

(a) (b) Cd^-" (c) Cr®-^ (d) Co^'" 

[Hint ; Diamagnetic species have all paired electrons. 

2s^ 2p^, 3s^ 3p^ 3d^ — Unpaired orbital ; 

(29) 

Cr^"^ : Is^, 2s^ 3s^ 3p^3d^ — Unpaired orbitals ; 


Is^, 2s^ 2p*, 35^ 3p^3d^ ■ 


: l/,2s^2p* 3s^3p® 


“ Unpaired orbitals; 


Is^ 2s^ 2pt 3s^ 3p® 3d“ 4s^ 4p* 4d*® 


All paired 


The correct decreasing order of electropc^itive character 
among the following elements is : 

Fe, Sc, Rb, Br, Te, F, Ca 

(a) Fe > Sc > Rb > Br > Te > F > Ca 

(b) Ca > Rb > Sc > Fe > Te > F > Br 

(c) Rb > Ca > Sc> Fe > Br > Te > F 

(d) Rb > Ca > Sc > Fe > Te > Br > F 

[Hint : Remember the following points : 

(i) Alkali and alkaline earth metals are most electro¬ 
positive. Alkali metals are more electropositive than 
alkaline earth metals. 

(ii) In ^i-block series, the elements near alkaline earth 
metals are more electropositive than rest of the 
members. 

(iii) MetaDoids are less electropositive than metals. 

(iv) Halogens (Non-metals) are least electropositive. In 
halogen group, electropositive character increases as 
atomic number increases.] 

The correct decreasing order of atomic size among the 
follovdng species is : 

At, Cr, 

(a) Ca^* > K* > Ar > a" > S^“ (b) K* > Ca^'" > Cl" > Ar > S^" 
(c) S^- > a" > Ar > R-" > Ca^'" (d) S^" > Ar > Cl" > 

[Hint i In isoelectronic ions, the atomic size decreases as ^ ratio 


5. If each orbital can take maximum of three electrons, the 
number of elements in the third period of the periodic table 
will be : 

(a) 12 (b) 6 . 

(c) 8 , (d) 24 

[Hint : In third period, 3s- and 3p"Orbitals are filled. Total orbitals 
to be filled = one s + three p = 4. Thus, number of elements 
=4x3 =12.] 

6 . The number of elements which can be acconimodafed in 

the present set-up of the long form of the periodic table is:, 
(a) 120 (b) 118 

(c)M22 (d) 124 

[Hint j In the. present set-up, on the basis of aujfbau principle 
and four blocks of elements, the last period, ie., 7th period 
is to accommodate 32 elements (7s^, 5/^^ 7p^). 

Thus, total elements can be accommodated 118 (86 up 
to 6th period plus 32 in the 7th period).] 

7. What would be the atomic number of the next halogen if 
discovered in future? 

(a) 115 (b) 119 

(c) 117 (d) 121 

[Hint : The next halogen will have 7s^7p^ outer configuration. 
Since, the filling of 7p-orbitals will begin after 5/- and 6d- 
orbitals, thus the atomic number of the new halogen will 
be 112 (up to the filling of 6d-orbitals) plus 5, ie., 117.] 

8. The energies of the electron in a hydrogen like ion are given 
by : 

~18 2 f I V ‘ ' ■' '■ 

= - (2.18 X 10 ) Z I ^ J / where n is principal quanturn 


number and Z is the atomic number of the element. The 
ionisation energy (in kj mol"^) of the Li^^ ion is: 


(a) 1.18 X 10^ 
(c) 0.118 x10® 


(b) 118 X 10^ 
(d) 11.8 X 10® 


[Hint j Ionisation energy = (2,18 x 10 ‘ 


X N J moF where 


N is the Avogadro number. 

For Li^-" = (2.18 x 10"’®) x 3^ (1) x 6.02 x lO^Jmol"’] 

9. First and second ionisation energies of magnesium are 
7.646 and 15.035 eV respectively. The amount of energy in 
kJ needed to convert all the atoms of magnesium into Mg^"^ 
ions present in 12 mg of magnesium vapours is : 

[Given : leV = 96.5 kJ mor'] 

(a) 1.1 (b) 1.5 

(c) 2.0 (d) 0.5 

[Hint : Total energy needed to convert one Mg atom into 
(gas) ion = fEi + lEji 

= 22.681 eV = 2188.6 kJ mol"’ 

12 mg of Mg = 0.5 X 10"® mole] 

10. Which of the following has highest electron gain enthalpy? 
(A) [Ne] 3s^ 3p® (B) [Ne] 3s^ 3p^ 


^ 16 


. Z Lb TX+ Z 
; Ar^=-jg ; K 


(A) [Ne] 3s^ 3p® 
(C) me]3s^3p^) 
(a) (A) 

(c) (C) 


(D) [Ne] 3s^ 3p^ 
(b) (B) 

(d) (D) 
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[Hint ; The element (C) will have highest electron gain enthalpy 
as it easily gains one more electron to achieve stable 
configuration of next inert gas.] 

It, The elemmt with atomic number 35 belongs to : 

(a) ^i'block (b) /-block 

(c) p-block (d) s-block 

[Hint : Write the electronic configuration on the basis of aufbau 
principle. 

Is^, 2s^ 2p^ 3s^ 3 / 3d“ 4s^ 4p® 

The last electron is accommodated on p-energy shell. ] 

12. The electronic configurations for some neutral atoms are 
given below : 

(A) ls^ 2s^2p^ 3s^ (B) Is^ 2s^ 2p^ 3s^ 

(C) is^ 2s^2p^3s^3p^ (D) Is^ 2s^ 2p^ 3s^ V 

Which of these is expected to have the highest second 
ionisation enthalpy? 

(a) (A) (b) (B) 

(c) (C) (d) (D) 


13. 


[Hint : B atom after losing outermost electron acquires noble gas 
configuration (stable configuration). It is difficult to 
remove the next electron from 2$^ 2p^) ion.] 

The amount of energy released when 10^ atoms of iodine 
in vapour state are converted to F ions is 4.9 x 10”^^ J. What 
is the electron affinity of iodine in eV per atom? 

(a) 2.0 (b) 2.5 

[Hint Amount of en^gy rele^ed for 1 m^e; oi'iodiite 


4.9x10^^: 
10^ 


X 6.02 X To- 


,23- 


= 29.5 X 10^ J = 295 kj mol"^ 

1 eV per atom = 96.3 kJ moF^I 

14. Match the following lists and select the correct answer: 


15. 


16 . 


List I 


List II 


(A) 2s^ 2p^, 3s^ 4s^ 

(B) ls\ 2s^ 2p^ 3s^ 3p® 

(C) Is^ 2s^ 2p^ 3s^ 3p^ 3dt 4s^ 

(D) lsl2s^2p® 


(1) d-block element 

(2) Halogen 

(3) Alkali metal 

(4) Noble gas 


ABC 

(a) 1 2 3 

(b) 3 4 1 

(c) 1 3 2 

(d) 2 4 . 3 


D 

4 

2 

4 

1 


Which of the following is the wrong statemait? 

(a) All the actinide elements are radioactive 

(b) Alkali and alkaline earth metals are s-^block elements 

(c) Chakogens and halogens are p-block elements 

(d) The first member of the lanthanide series is lanthanum 
Which of the following is the correct statement? 

(a) The second ionisation potential of an atom is always less 
than the first ionisation potential. 

(b) The addition of an electron to a neutral atom is an 
endothermic process 

(c) Fluorine has the maximum electronegativity 


(d) The size of the cation is always less than the size of the 
neutral atom 

17. iA)f (B) and (C) are elements in the third short period. Oxide 

of (A) is ionic, that of (B) is amphoteric and of (C) a giant 
molecule. (A), (B) and (C) have atomic number in the order: 
(a) (A) < (B) < (C) (b) (C) < (B) < (A) 

(c) (A) < (C) < (B) (d) (B) < (A) < (C) 

[Hint : A B and C are magnesium, alummium and silicon. 
Magnesium forms ionic oxide, MgO, aluminium forms 
amphoteric oxide, AI 2 O 3 and silicon forms a giant 
molecule, Si 02 .] 

18. Match the List I with List II and select the correct answer: 


List I 


List n 

(A) Most electronegative element 


(1) Chlorine 

(B) The element having highest 


(2) Hydro^n 

electron gain enthalpy 

(C) Most abundant element in 


(3) Nitrogen 

the universe 

(D) Most abundant gas in atmo^here 

(4) Fluorine 

A B C 

D 


(a) 1 2 3 

4 


(b) 4 3 2 

1 


(c) 4 1 2 

3 


(d) 2 3 4 

1 



19. The five successive ionisation energies of the element are 

. and 32824 kJ moF^ respectively. The 

number of valence electrons is : 

J,. ' ' . ■ 

(c) 4 (d) 2 

[Hint : Fourth ionisation energy abruptly increases. This shows 
that fourth electron is removed from inert gas core.] 

20. Which of the following species has the negative electron 
gain enthalpy? 

(a) F" (b) O 

(c) 0“ (d) Na^ 

[Hint : Energy is released when electron is added to O but energy 
is absorbed in rest of the cases when electron is added.] 

21. The ionic radius of Cr is minimum in which of the 
following compounds? 

(a) CrFs (b) CrCla (c) CT 2 O 3 (d) K 2 Cr 04 
[Hint : Cr has maximum oxidation number (+6) in K 2 Cr 04 and 
thus, has minimum ionic radius.] 

22. Arrange La^"^, Pm^"^ and Yb^"^ in increasing order of 
their size : 

(a) 

(b) < Yb^^ < < La^ 

(c) Yb^* < Pm^^ < La^^ < 

(d) Pm^'" < La^"" < < Yb^^ 

[Hint : Lantl\anide contraction is observed in these ions, i.e., ionic 
radius decreases as atomic number increases.] 

23. Which of the following statements related to the modem 
periodic table is incorrect? 

(a) The p-block has 6 vertical columns, ie., groups 

(b) The d~biock has 8 vertical columns 
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(c) Each block contains a number of columns equal to the 
number of electrons that can occupy that subshell 

(d) The block indicates value of azimuthal quantum 
number (1) for the last subshell that received electrons 
in btiilding up the electronic configuration. 

[Hint : d-block has 10 colinrms.] 

24. Following statements r^arding the periodic trends of 
chemical reactivity of the alkali metals and the halogens 
are given. Which of these statements gives the correct 
picture? 

(a) The reactivity decreases in the alkali metals but 
increases in halogens with increase in atomic number 
down the group 

(b) In both the groups, the chemical reactivity decreases 
with increase in atomic number down the group 

(c) In both the groups, the chemical reactivity increases 
with increase in atomic number down the group 


(d) In alkali group, the chemical reactivity increases but 
decreases in the halogens with increase in atomic 
number down the group 

25. The values of electronegativity of atoms A and B are 1.20 
and 4.0 respectively. The percentage ionic character of 
A — B bond is : 

(a) 50.0% (b) Z2.2% 

(c) 55.3% (d) 43.0% 

[Hint : % ionic character = 16(4 - 12) + 3.5(4 - 1.2)^ - 72.2] 

26. The element with atomic number 118 (Uuo) has been 
discovered recently. Which of the foUowing is not expected 
for this element? 

(a) It is radioactive and unstable element 

(b) It is a solid at room temperature 

(c) Its ionisation enthalpy is minimum in the group 

(d) It has 7s^7p^ outer shell configuration 




1. 

(d) 

2. 

(b) 

3. 

(d) 

4. 

(c) 

5. 

(a) 

6. 

(b) 

7. 

(c) 

8. (d) 

9. (a) 

10. 

(c) 

11. 

(0 

12. 

(b) 

13. 

(d) 

14. 

(b) 

15, 

(d) 

16. 

(c) 

17. 

(a) 

18. (c) 

19. (a) 

20. 

(b) 

21. 

(d) 

22. 

(a) 

23. 

(b) 

24. 

(d) 

25. 

(b) 

26. 

(b) 








Matrix Matching Questions forllT Aspirants 


1 . Match Listd with List-II: 

List-I LisHI 

(Group/Period)* (Element) 

(a) 7th period (p) Transition elements 

(b) niB group (q) Inner transition elements 

(c) lA (r) Hydrogen 

(d) VIIA (s) Halogens 

2. Match List~I with List-H: 

List-I List-II 

(a) (P + 1) > N (p) A1 

(b) (P 1) = 7 (q) Pb 

(c) (P 1) < N (r) C 

(d) (P + 1) = N (s) Si 

Here, P = Number of period. 

N = Number of valence electrons. 

[Hint :In p-block: 

(P + 1) > N; (P + 1) < M, (P + 1 ) = N ] 
respectively represent metal, non-'metal and metalloid. 

3. Match the atomic number in List~I, with the block in List-D 
and groups in List-Ill: 


list-I 

List-II 

List-Ill 

(Atomic number) 

(Block) 

(Group)* 

(a) 55 

(p)p 

(u) VIII 

(b) 45 

(q)/ 

(v) UIB 


(c) 81 (r) s (w)inA 

(d) 64 (s) d (x) lA 

4. Match List-I with List-II: 

List-I List-II 

(a) Halogen (p) (Dxygen 

(b) Chalcogen (q) Chlorine 

(c) Noble gas (r) Sulphur 

(d) Representative element (s) Neon 

5. Match List“I with List-II: 

List-I List-II 

(Element) (Information) 

(a) Rutherfordium (p) Z = 104 

(b) Kurchatovium (q) /-block 

(c) Thorium (r) d-block 

(d) Neptunium (s) Transuranic element 

6. Match List-I with LisMI: 

List-I List-II 

(a) Dobereiner (p) Law of octave 

(b) Alexander Newlands (q) Davy Medal 

(c) A.E.B. de Chancourtois (r) Law of triads 

(d) Dmitri Mendeleev (s) Based on atomic weights 


Modem Mendeleev's Periodic Table 
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7. Match L^H wth List-Er, v. 

-List-r''.; V-- Listen/ ' *'■ 

(a) Lahjh^de contracdpn . , (p) d-bloek f, .. l ■ , . 

(b) Diagonal relationship (q) Elements of 3rd period 

(c) Typical elements (r) /-block 

(d) Inner transition elements (s) Be~Al 

8 . Match the electronic configuration (List4) with the ioni¬ 
sation energy (List-II): 

List-I Lisbll 

(Electronic (Ionisation energy) 

configuration) kj / mol 

(a) ns^ (p) 2100 

(b) ns^np^ (q) 1400 

(c) ns^np^ ‘ (r) 800 

(d) ns^np^ is) 900 


9* Match the column-l with Colunm and Column-Ill: 


Coluinn-I r 

:Column-II ' 

; Golumn-III 

(Atomic number) 

, (Group)* 

(Period) 

(a) 13 

(p) fflA 

(u) 6 

(b) 35 

(q) VIIA 

(v) 5 

(c) 56 

(r) DA 

(w)3 

(d) 78 

(s) VIII 

(x) 4 


10, Match the elements in List-I with their properties in List-II: 
List-I List-II 

(a) Mercury (p) Metal 

(b) Bromine (q) Densest element 

(c) Osmium (r) Element with highest 

melting point 

(d) Wolfram (Tun^ten) (s) Liquid at room temp 




1. (a-^, q) 

(b-p, q) 

(c-r) 

(d-r, s) 

6. (a™r, s) 

(b-p, q, s) 

<c-s) 

(d-.s) 

2. (a-p, q) 

(b-q) 

(c-r) 

(d-s) 

7. (a-p, r) 

(b-s) 

(c~q) 

(d-r) 

3. (a-r-x) 

(b-q-r) 

(c-p-w) 

(d-q-.v) 

8. <a-s) 

(b-r) 

(c-q) 

(d-p) 

4. (a-q) 

(b-p, r) 

(c-s) 

(d-p, q, r) 

9. (a-p~w) 

(b-q-x) 

(c-r-u) 

(d-s-u) 

5. (a-p, r, s) 

(b-p, r, s) 

(c-q) 

(d-q, s) 

10. (a-p, s) 

(b-s) 

(c-p, q) 

(d-p, r) 



ssertion-Reason Type Questions 


The questions given below consist of an Assertion (A) and 
Reason (R), Use the following key to choose the correct answer. 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of the (A). 

(b) If both (A) and (R) are correct and (R) is not the correct 
explanation of (A), 

(c) If (A) is correct and (R) is incorrect. 


5. (A) Cu^^ is diamagnetic. 

(R) All the orbitals present in Cu^^ ion are doubly <x:cupied. 

6 . (A) The size decreases as Pb > > Pb^. 

z 

(R) ^ increases, i.e., force of attraction towards nucleus 
increases. 

7. (A) There are fourteen elements in the lanthanide series and 

fourteen elements in the actinide series. 


(d) If both (A) and (R) are incorrect. 

1. (A) Each tf-block series contains ten elements. 

(R) The maximum capacity of i-orbitals is of ten electrons 
as in each series i-orbitals are gradually filled up. 

2 . (A) Helium and beryllium have similar outer electronic 

configuration 

(R) Both are chemically inert- [A.LLMLS. 1994] 

3. (A) Electron gain enthalpy of oxygen is less than that of 

fluorine but greater than that of nitrogen. 

(R) Ionisation enthalpy is as follows : N > O- > F 

[A.LLM.S. 19981 

4. (A) The first ionisation energy of Be is greater than that of B. 
(R) 2p-orbital is lower in energy than 2s-orbital. [LI.T. 2001] 


(R) All the elements of the actinide series are radioactive. 

8 , (A) The group 18 consists of elements which are in gaseous 
state under ordinary atmospheric conditions. 

(R) All the elements of group 18 have stable configuration. 
9* (A) First ionisation energy of lutrogen is lower than oxygen. 
(R) Across a period effective nuclear charge decreases. 

{A.LLM.S. 2005] 

10 . (A) F atom has a less negative electron affinity than chlorine. 
(R) Additional electrons are repelled more effectively by 3p 

electrons in Q atom than by 2 p electrons in F atom. 

11 . (A) The ionic size of Mg^"^ is larger than Al^‘‘‘. 

(R) In isoelectronic species, greater the nuclear charge, less is 
the size. 




1. (a) 2. (c) 3. (c) 4. (a) 5. (d) 6. (a) 7. (b) 8. (b) 9. (d) 10. (c) 11. (a) 


*Modem Mendeleev's Periodic Table 
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THOUGHT TYPE QUESTIONS 


THOUGHT 1 

Numerous forms of the periodic table have been devis¬ 
ed from time to time, A modem version, which is most 
convenient and widely used is the long or extended form of 
periodic table. The aufbau principle and the electronic 
configuration of atoms provide a theoretical foundation for 
the periodic classification. The horizontal rows are called 
periods. There are altogether seven periods. The first period 
consists of 2 elements. The subsequent periods consist of 8, 
8,18,18 and 32 elements respectively. Ihe seventh period is 
incomplete and like the sixth period would have maximum 
of 32 elements. 

Elements having similar outer electronic configurations 
in their atoms are grouped in vertical columns. These are 
referred to as groups or families. According to the reco¬ 
mmendation of TUPAC, the groups are numbered 1 to 18 

replacing the older notation of groups 0, lA, IIA,.VILA, 

.VIIB. 

Each successive period in the periodic table is as^ciated 
with the filling up next higher principal energy level 
following aufbau sequence. The number of elements in 
each period is twice the number of atomic orbitals available 
in the energy level that is being filled. All the elements are 
classified into four blocks, i.e., s-block, p-block, d-block and 
/-block depending on the type of atomic orbitals that are 
being filled with electrons. 

An element belongs to group 17. It is present in third period 
and its atomic number is 17. What is the atomic number of 
the element belonging to same group and present in fifth 
period? 

(a) 25 (b) 33 

(c) 35 (d) 53 

2 . Elements in the same vertical group of the periodic table 
have generally the same : 

(a) atomic number 

(b) electronic configuration 

(c) atomic mass 

(d) number of electrons in the outermost shell of their 
atoms 

3. The element with atomic number 118 is likely to have the 
same outer shell configuration as the element with atomic 
number : 

(a) 18 (b) 28 

(c) 58 (d) 88 

4. What is the position of the element in the periodic teble 
satisfying the electronic configuration (n - 1 ) (f for 
n = 4? 

(a) 3rd period and 3rd group 

(b) 4th period and 3rd group 


(c) 3rd period and 2nd group 

(d) 4th period and 2nd group 

Elements A, B, C, D and E have the foUowing electronic 
configurations : 

M) ls\ 2s^ 2p’ (B) Is^ 2s^ 3s^ 3p’ 

(C) 1^, 2/ 2/, 3s^ 3p^ (D) Is^ 2s^ 2p^ 3s^ 3p^ 

(E) Is^ 2s^ 3s^ 3p^ 

Which among these will belong to same group in the 
periodic table ? 

(a) (A) and (C) (b) (A) and (D) 

(c) (A) and (B) (d) (A) and (£) 

6. The outer electronic configuration of an element is, 

(n - 2) fUn-1) ns^ 

To which block in the long form of the periodic table does 
this belong ? 

(a) s-block (b) p-block 

(c) d-block (d) /-block 

7. The elemente with atomic numbers 90 to 103 are known 
as : 

(a) d-block elemente (b) lanthanides 

(c) actinides (d) transition elements 

8^ In Mendeleev's p^odic table, silver belongs. tO; IB group. 
The ^oup to Which silver belongs in Idng form Sf periodic 
table is : 

(a) first (b) eleventh 

(c) tenth (d) sixteenth 

9. The elements in which 4/-orbitals are progressively filled 
are called as : 

(a) lanthanides (b) actinides 

(c) transition elements (d) chalcogens 

10. If aufbau rule is not foEowed, Ca-20 wEl be placed in 
......block. 

(a) s- (h)y^ 

(c) d- (d) /- 

[Hint : If aufbau rule is not foOowed, the electronic configuration 
of Ca-20 wiU be Is^, 2s^ 2p® 3s^ 3p^ 3d^ U, last electron 
will be accommodated on d- orbital.] 

THOUGHT ^ 

The minimum amount of energy required to remove the 
most loosely bound electron from an delated atom in the 
gaseous state is known as ionisation energy or first ioni¬ 
sation energy or ionisation enthalpy (lEi) of the element. 
TTie energy required to remove the second electron from 
the monovalent cation is called sa:ond ionisation enthalpy 
(J£2). Similarly, we have third, fourth ........... ionisation 

enthalpies. The values of ionisation energy depends on a 
number of factors such as (i) size of the atom (ii) screening 
effect (iii) nuclear charge (iv) half filled and fully fDled orbitals 
(v) shape of orbital. 
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In a group, the ionisation energy decreases from top to 
bottom- In a period, the value of ionisation energy increases 
from left to right with breaks where atoms have somewhat 
stable configurations. 

1 * Compared to the second ionisation energy (IE 2 ) of an atom, 
the third ionisation energy (lE^) is: 

(a) the same (b) greater 

(c) smaller (d) half 

2. In a peric^, the ionisation energy is lowest for the: 

(a) noble gases (b) halogens 

(c) alkaline earth metals (d) alkali metals 

3 . The electronic configurations of some neutral elements are 
given below : 

(A) Is^ 2s^; (B) Is^ 2s^ 2ph (C) Is^ 2s^2/ ; (D) Is^ 2shp^ 
which of these electronic configurations would be expected 
to have highest second ionisation energy {IE 2)1 
(a) (A) (b) (B) 

(c) (C) id) (D) 

4. The fii^t (lEx) and second (IE 2 ) ionisation energies 
(kJmoF^) of a few elements are shown below: 



lEi 

lEz 

(A) 

2372 

5251 

(B) 

520 

7300 

(C) 

900 

1760 

(D) 

1680 

3380 


Which of the above elements is likely to be a noble gas? 

(a) (A) (b) (B) 

(c) (C) (d) (D) 

5. In qu^tion no. 4, which of the element is likely to be a 
non-metal? 

(a) (A) (b) (B) 

(c) (C) (d) (D) 

6. Which of the order for ionisation energy is correct? 

(a)Be>B>C>N>0 (b)B<Be<C<0<N 

(c) B < Be < C < M < O (d) B < Be < N < C < O 

7. Which of the elements Na, Mg, Si and P would have the 
greatest differmce between the first and second ionisation 
enthalpies? 

(a) Na (b) Mg 

(c) Si (d) P 

8. The first ionisation energy of Mg, Al, P and S follows the 
order : 

(a) Mg < Al < P < S (b) Al < Mg < P < S 

(c) Al < Mg < S < P (d) Mg < Al < S < P 

THOUGHT 3 

The amotmt of energy released when an electron is 
added to an isolated gaseous atom to produce a monovalent 
anion is called electron affinity or first electron affinity or 
electron gain enthalpy- The first electron affinity is given a 
negative sign as the addition of an electron to a neutral atom 
is an exoergic process. The addition of electron to A“ requires 
energy to overcome the force of repulsion. Thus, the second 
electron affinity is an endoergic process. The magnitude of 
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electron affinity depends on a number of factors such as (i) 
atomic si2e (ii) effective nuclear charge (iii) screening effects (iv) 
half and fully filled orbitals and (v) shape of orbital 

In general, electron affinity increases as the atomic radii 
decrease in a period. However, there are exceptions when 
the atoms have stable configurations. In a group, electron 
affinity decreases as the size increases. However, the members 
of 3rd period have somewhat higher values than the members 
in the 2nd period of the same subgroups. 

1- What is the AH of the following reaction? 

Mg(g) + 2F(g) -> + 2F-(g) or MgFz ig) 

If electron affinity of F(g) = -328 kj moF^ and 

First ionisation energy of Mg = 737.7 kJ moF^ and 
Second ionisation energy of Mg = 1451 kJ moF^. 

(a) 1532.7 kJ moF’ (b) 1860.7 kJ moF’ 

(c) 2516.7 kJ moF’ (d) 2844.7 kJ moF’ 

[Hint: Mg(g)-> Mg^*(g) + 2e lE^ + /Ej = 2188.7 kJ moF* 

2F(g) + 2e -» 2F‘ = -2 x 328 = -656 kJ mol"' 

AH = 1532.7 kJ moF’] 

2. Which one of the following arrangements represents the 

correct order of electron gain enthalpy (with negative sign) 
of the given atomic species? [C.B.S.E. (P.M,T.) 2005] 
(a) F < Cl < O < S (b) S < O < Cl < F 

(c) O < S < F < Cl (d) Cl < F < S < O 

3. Which of the following has least electron affinity? 

(a) Oxygen (b) Argon 

(c) Nitrogen (d) Boron 

4. The electron affinities of halogens are: 

F = - 332, a = - 349 , Br = - 324,1 = - 295 kJ moF’ 

The higher value of Cl as compared to that of F is due to: 

(a) higher atomic radius of F 

(b) smaller electronegativity of F 

(c) weaker electron repulsion in Cl 

(d) more vacant p-subshell in Cl 

5. Which of the following species has the highest electron 
affinity? 

(a) F" (b) O" 

fc) Na'^ (d) O 

6. Which of the following processes is endoergic in nature? 

(a) O' + e -> O^' (b) Cl + e -> CF 

(c) S + e -^ S- (d) F + e -> F" 

THOUGHT 4_ 

The first (A,Hi) and the second (AjHa) ionisation enthal¬ 
pies in kJ moF^ and the electron gain enthalpy in kJ mol ■^of 
a few elements are given below : 


Elements 

A/Hi 

4 H 2 

AegH 

(A) 

520 

7300 

-60 

(B) 

419 

3051 

-48 

(C) 

1681 

3374 

-328 

(D) 

1008 

1846 

-295 
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(E) 2372 5251 +48 . ' 

(F) 738 1451 -40 

Answer the following questions. Only one alternative is 
correct. 

1 . Which one of the above elements is least reactive? 

(a) (C) (b) (D) 

(c) (E) (d) (F) 

2. Which one of the above elements is most reactive metal? 

(a) (A) (b) (B) 

(c) (F) (d) (D) 

3. Which one of the above elements is most reactive non- 
metal ? 

(a) (C) (b) (D) 

(c) (E) (d) (F) 

4. The metal which can form a stable binary halide of the 
formula MX 2 (X - halogen): 

(a) (A) (b) (B) 

(c) (F) (d) (D) 

5. Which one of above elements is least reactive non-metal? 

(a) (C) (b) (D) 

(c) (E) (d) (F) 

6. The metal which can form predominantly stable covalent 
halide of the formula MX (X = halogen): 

(a) (F) (b) (B) 

(c) (D) ' (d) (A) 

[Hint I (1) The element (E) having very high ionisation enthalpy 
and positive electron gain enthalpy would be a noble 
gas^ least reactive. 

(2) The element (B) would be most reactive metal as it 
has low ionisation enthalpy and low negative 
electron gain enthalpy. Probably it is an alkali metal. 

(3) The element (C) would be most reactive non-metal 
as it has high negative value of electron gain 
enthalpy. Probably it is a halogen. 

(4) Tlie element (F) would form stable MX 2 as it has 
first two ionisation enthalpies low and low value of 
electron gain enthalpy, i.e., it belongs to second 
group. 
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(5) The element (D) would be least reactive non-metal. 

(6) The element (A) has low first ionisation enthalpy but 
very high second ionisation enthalpy. It would be 
least reactive alkali metal, le., lithium which forms 
covalent MX.] 

THOUGHT 5 ... 

Atoms of metals have only a few electrons in their valence 
shells while atoms of non-metals generally have more 
electrons in their valence shells. Metallic character is closely 
related to atomic radius and ionisation enthalpy. Metallic 
character increases from top to bottom in a group and 
decreases from left to right in a period. Metallic character is 
inversely related to electronegativity. 

1. ¥/Mch of the following groups contains metals, nommetals 
and metalloids? 

(a) Group 1 (b) Group 17 

(c) Group 14 (d) Group 2 

2. Non-metals belong to: 

(a) s-block elements (b) p-block elements 

(c) d-block elements (d) /-block elements 

3. Considering the elements B, C, N, F and Si, the correct order 
of their non-metallic character is: 

(a)^B >C>Si>N>F (b)Si>C>B>N>F 

(c) F > N > C > B > Si (d) F > N > C > Si > B 

4. The electronegativities of the following elements increase 
in the order: 

(a) C, N, Si, P (b) N, Si, C, P 

(c) Si, P, C, N (d) P, Si, N, C 

5. Considering the elements B, Al, Mg and K, the correct order 
of their metallic character is : 

(a) B > Al > Mg > K (b) Al > K > B > Mg 

(c) Mg > Al > K > B (d) K > Mg > Al > B 

6. The element with maximum electronegativity belongs to: 

(a) period 2, group 17 (b) period 1, group 18 

(c) period 3, group 17 (d) period 2, group 16 



Thought 1 

l.(d) 

2. (d) 

3. (a) 

4. (b) 

5. (c) 

6. (d) 

7 , (c) 

8. (b) 

Thought 2 

l.<b) 

2. (d) 

3. (c) 

4. (a) 

5, (d) 

6. (b). 

7. (a) 

8, (c) 

Thought 3 

1. (a) 

2. (c) 

3, (b) 

4. (c) 

5. (d) 

6. (a) 



Thought 4 

1. (c) 

2. (b) 

3. (a) 

4. (c) 

5. (b) 

6. (d) 



Thought 5 

1. (c) 

2. (b) 

3. (d) 

4. Cc) 

5. (d) 

6. (a) 
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pii'; Ques-tion^ 


The answer to each of the folloiving questions is a single 
digit integer, rangmg from 0 to 9. 

1. Among the following, the numte of elements showing 
only one non-zero oxidation state is : 

O, a, F, N, P, Sn, U Na, Ti [LIT. 2010 ! 

2. How many groups are occupied by p-block elements in long 
form of periodic table? 

3* How many diagonal^ relationships, are pie^nt in 
Mendeleev's periodic table? 

4. If for an element (X), the values of successive ionisation 
energies Ij, Ij, I3, I 4 and I 5 are 800, 2427, 3658, 25024, 32824 
kj moF^ respectively, then the number of valence electrons 
present are : 


5. How many unpaired electrons are present in Co^*^ ion? 

6 . The first ionisation energy of lithium is 5.41 eV and electron 
gain enthalpy of chlorine is - 3,61 eV. The AH in kJmoF^ 
for the reaction : 

Li(g) + a(g) -> LP(g) + cr(g) is 1.737 x l(f kJ moF^ 

What is the value of x? 

7. In a period, the element with largest atomic volume belongs 
to which of the groups? 

8 . The ionistion energy of Hthium is 500 kJ moF^ The amoimt 
of energy required to convert 70 mg of lithium atoms in 
gaseous state into Li^ ions is: 



1 , (2) 
2 , ( 6 ) 

3. (3) 

4. (3) 

5. (4) 


Na exhibits +1 and F exhibits only -1 oxidation state. 

13, 14, 15, 16, 17 and 18th groups are occupied by p-block 
elements. 

Lix^ Be 

Mg A1 Si 

(i) <ii) (iii) 

As the difference between I 3 and I 4 is maximum, so the element 
(X) has three valence electrons as after losing three electrons, 
it acquires stable inert gas configuration. 

Co^—24 electrons are pre^nt. There are four unpaired 
electrons. 


X “X 


6 . (2) A H = I.P. of Li + Eg of Cl = 5.41 - 3.61 = 1.8 eV 

AH moF’ = 1.8 X 6.023 x 10^ eV 

= 1.8 X 6.023 X 10“ X 1.602 x lO'^’ x 10"^ kJ 

= 1.737 X 10^ kJ 

7. ( 1 ) In a period, alkali metal which belongs to group I shows largest 

atomic volume. 

70 X10”^ 

8 . (5) 70 mg = 70 X 10^ g = - - -= 1 x 10'^ mole 

Amount of energy required -lx lO*"^ x 500 kJ = 5 kJ 


Is^ 2s^ 2pt 3s^ 3p^ 
2 8 8 


3d 

nl Tit It It 
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INTRODUCTION 


From the small number of elements there are derived millions of known 
compounds, and there are an infinite number possible. This is because 
there are so many possible ways in which atoms combine to form 
molecules. This process seems similar to form words of a language from 
a small number of letters of alphabet. In the formation of words, there 
are rules of the language which govern the types of possible 
combination. In the case of atoms, the rules are based on the number 
and types of electrons which the atoms possess. 

Most of the substances are found in nature in the form of clusters or 
aggregates of atoms. Any such aggregation^ in which atoms are held 
together and which is electrically neutral is called a molecule. The 
molecules are made of two or more atoms joined together by some force 
acting between them. The force is termed as a chemical bond. Thus, a 
chemical bond is defined as a force that acts between two or more atoms 
to hold them together as a stable molecule or as a force that holds 
group of two or more atoms together and mak^ them function as a unit. 
For example, in water the fundamental unit is the H—O—molecule, 
which is described as being held together by the two O—H bonds. 

The beginning of our modern theory of 
bonding can be treated to the concept of 
valency introduced in 1850. The term 
valency has been derived from the Latin 
word 'valmtia' which means capacity. Each 
element was said to have a valency equal 
to ito combining capacity. The number of 
hydrogen or chlorine atoms with which 
another atom combines is called its 
combining capacity. The valency of these 
two elements was set as, one. Therefore, 
oxygen which reacts with hydrogen to form 
H 2 O, was said to have a valency of two. Mg 
combines with chlorine to form MgCl 2 , Mg 
was said to have a valency of two. By using 
this definitLon, it is found that elements may 
have multiple valencies and fractional 
valencies in certain compounds. For 
example, nitrogen forms a number of 



Linus Pauling (1901-1994) 
won the Nobel Prize in 
Chemistry in 1954 for his 
work in chemical bonding 
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compounds with hydrogen such as NH 3 , N 2 H 4 , N 3 H in 
whidi valencies of nitrogen come to 3 ,2 and 1 /3 respectively. 

Thus, the concept of valency as a mere number was very 
confusing. Later on, the defirution of valency was changed. 
Valency was termed as the number of chemical bonds 
formed by an atom in a molecule. 

The modem concept of valency deals with the interactions 
between atoms in light of the structure of atoms, f.e., electronic 
configurations of atoms. The modem concept believes that 
electrons are responsible for chemical combination. It 
provides tools to find out the answers to the following 
questions : 

(i) Why do atoms combine? 

(ii) How do atoms combine together? 

(iii) How can the properties of compounds be understood 
in terms of chemical bonds? 

^ CAUSE OF CHEMICAL COMBINATION 

The atoms interact with each other on accoimt of the 
following reasons: 

(I) Decrease In energy : It is a fundamental truth that 
all natural systems tend to lose potential energy and become 
more stable. Other things being equal, a system that has 
stored potential energy is less stable than a system that has 
none, it is an observed fact that a bonded state is more stable 
than unbonded state. This is due to the fact that the bonded 
state has lower potential energy than unbonded state Hence, 
when two atoms approach each other, they combine only 
under the condition that there is a decrease in potential 
energy. 

When two atoms approach each other, new forces of 
attraction and repulsion come into play. These forces are : 

(a) Electrons and nuclei attract one another. Attractive 
forces are energetically favourable, so an electron attracted 
to a nucleus is of lower energy and therefore more stable than 
a free electron. 


(b) Electrons repel each other, raising the energy and 
reducing the stability. 

(c) Nuclei repel each other, so reducing the stability ato. 


Electron 



Fig. 2.1 Electrostatic forces in hydrogen molecule 

If the net result is attraction, the total potential energy of 
the system decreases and a chemical bond results. No 
chemical bonding is possible if net result is repulsion. 

(H) Lewis octet rule : The noble gases are known for 
their lack of chemical activity. There are no known com¬ 
pounds of helium, neon and argon. Why are these elements 
so unreactive towards other elements? All these elements 
have electronic structures that consist of filled outermost 
shells. Except for helium, whose electronic configuration is 
Is^, the s-and p-subshells of the Highest energy level contain 
a total of eight electrons. It is, therefore, concluded that 
configuration in the outer energy level constitutes a structure 
of maximum stability and therefore, of minimum energy. 

The atoms of all elements when enter into chemical 
combination try to attain noble gas configuration, Le., they 
try to attain either 2 electrons (when only one energy shell) 
or 8 electrons in their outermost energy level which is of 
maximum stability and hence of minimum energy. The 
tendency of atoms to achieve eight electrons in their outermost 
shell is known as Lewis octet rule. Octet rule was the basis 
of electronic tiieory of valency. 


Noble Atomic 

gas number 


Electronic configuration 


Configuration of outer 
' energy level 


He 

2 


is' 

Ne 

10 

Is^ 2s^ 2p* 

2s' 2p® 

Ar 

18 

Is^ 2s^ 2p^ 3s^ 3p® ■ 

3s'3p® 

Fx 

36 

Is^ 2s^ 2p^ 3s^ 3p^ 3d’° 4s^ 4p* 

4s' 4p^ 

Xe 

54 

Is^ 2s^ 2p^ 3s^ 3p* 3d'“, 4s^ 4p* 4rf“ 5s^ 5p* 

5s' 5p* 

Rn 

86 

Is^ 2s^ 2p^ 3s^ 3p^ 3d'°, 4s^ 4p* 4d'° 4/ “ 5s^ 5p* 6s^ 6p* 

6s'6p* 
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2.3 ; LEWIS SYMBOLS OF ELEMENTS 

Chemical bonding mainly depends on the number of 
electrons present in the outermost energy level. These 
electrons are termed as valency electrons. The electronic 
configuration of sodium (Na) is 2, 8^ 1 and that of sulphur 
has (S) 2,8,6. Thm, sodium has one valency electron while 
sulphur has six valency electrons. In the case of re¬ 
presentative elements, the group number (Modem 
Mendeleev's periodic table) is equal to the number of 
valency electrons. 

The valency electrons in atoms are shown in terms of 
Lewis symbols. To write Lewis symbol for an element, we 
write down its symbol surrounded by a niunber of dots or 
crosses equal to the number of valency electrons. Paired and 
unpaired valency electrons are also indicated. The Lewis 
S 5 nnbols for hydrogen, ^dium, nitrogen, oxygen and chlorine 
may be written as: 

H* Na* .N. * 0 . :a* 

Generalised, Lewis symbols for the representative 
elements are given in the following table: 



1 

2 

13 

14 

15 

16 

17 

Group 

lA 

HA 

niA 

IVA 

VA 

VIA 

VIIA 


ns^ 

ns' 

ns^np^ 

• 

2 2 
ns np 

2 3 

ns np 

ns\p‘^ 

ns^np' 

# • 

Lewis symbol 

X* 

*X* 

•X. 

*X* 

• 

# 

•X* 

m m ' 

m 

*X* 

:x. 

# » 

« » 

Second period 

Li* 

•Be* 

*B* 

•C* 

*N* 

* m 

*6. 

«« 

m « 

Third period 

Na* 

•Mg. 

•A I* 

*Si. 

•P* 

•s* 

:a- 
* • 


2.4 ELECTRONIC THEORY OF VALENCY 

The electronic theory of valency owes its rise to the 
recognition of the existence of electrons in an atom. It was 
suggested that electrons themselves are responsible for 
chemical combination Kossel and Lewis formulated a 
comprehensive statement which was completed by 
Langmuir and called electronic theory of valency. The main 
points of the theory are: 

(i) Valency of an atom depends mainly on the number of 
electrons present in the outermost orbit. Hi^e electrons are 
termed as valency electrons. 

(ii) Electronic configuration of noble gases is stable, te., 
eight electrons are present in the outermost orbit (except 
helium having 2 electrons). These gases are chemically inert 
and do not form any compound. 


(iii) Atoms having less than 8 electrons in the outermost 
orbit are chemically active. It is the tendency of these atoms 
to achieve 8 electrons in the outermost orbit. [Hydrogen, 
lithium, beryllium try to achieve helium configuration.] The 
numbar of electrons which take p^rt determines the valency 
of the atom. 

(iv) There are two ways by which the atoms can acquire 
noble gas configuration or 8 electrons in the outermost 
energy level. 

(a) By losing or accepting electrons. 

(b) By sharing electrons. 

Sharing may be of two types: 

1. Equal contribution of electrons is made by two atoms 
and these electrons are then shared equally to form covalent 
bond, or 

2 . Contribution of an electron pair fe made by one atom 
and both the electrons are shared equally by the two atoms 
to form coordinate bond. The theory may be summarised in 
the following way. "'The union of two or more atoms 
involving redistribution of electrons in their outer shells 
(either by transference or sharing) in such a way so that all 
the atoms acquire the stable noble gas configuration of 
minimum energy is known as electronic theory of valency/' 

Corresponding to the above three ways, there are three 
types of bonds or linkage which hold the atoms together in 
a molecule. 

(i) Electrovalent or Ionic bond 

(ii) Covalent bond 

(iii) Coordinate bond 

2.5i ELECTROVALENT OR IONIC BOND 

The chemical bond formed between two or more atoms as a 
result of the transfer of one or more electrons from electro¬ 
positive to electronegative atom is called electrovalent bond. 
This bond is also called ionic or polar bond. 

The dectron transfer results in the formation of cations 
and anions. The cations are positivdy charged ions whereas 
anions are negatively charged ions. Oppositely charged ions 
are attracted to each other and a bond between them is 
formed. The bond existing between the oppositely charged 
ions is called an ionic or electrovalent or polar bond or the 
bond formed by the electrostatic attraction between positive 
and negative ions is called an ionic bond. Compounds 
containing ionic bonds are called ionic, electrovalent or polar 
compounds. 
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[Note : Electrovalent bond is not possible between similar atoms. 
This type of bonding requires two atoms of different 
nature, one atom should have the tendency to lose 
electron or electrons, ie., electropositive in nature and 
the other atom should have the tendency to accept 
electron or electrons, ie., electronegative in nature. 
Actually ionic bond is not a true bond but just electro¬ 
static attraction between closely packed ions. It is non- 
directional in nature.] 

H Examples of Electrovalent Bond 

(i) Potassium chlorid e : The free potassium atom has one 

1 

valency electron (electronic configuration 2, 8, 8,1), ie,r 4s 
whereas, the chlorine atom has seven valency electrons 
(electronic configuration 2, 8, 7), ie., 3s 3p , In forming an 
ionic bond, the potassium atom loses its valency electron 
which is accepted by chlorine atom. As a result potassium 
achieves noble gas configuration of argon (2, 8, 8) and 
becomes a positive ion (K‘^). Chlorine achieves noble gas 
configuration of argon (2, 8, 8) and acquires a negative 
charge (CF). The attraction between potassium ion and 
chloride ion is an ionic bond. 

A shorthand way of showing the formation of potassium 
chloride from potassium and chlorine atoms involves 
electron dot symbols. 

or K'^Cr 

(2, 8, 8, 1) (2, 8, 7) (2, 8, 8) (2, 8, 8) 

(ii) Sodium sulphide : Sodium combines with sulphur 
to form sodium sulphide, Na 2 S. Two sodium atoms, each 
loses its valency electron, are converted into sodium ions 
with neon like configuration (2, 8). Sulphur (2, 8, 6) which 
has six electrons in the valaicy shell gains two electrons to 
achieve the argon like configuration (2, 8, 8). • 

— 2 - 

or 2Na^S^'or NalS^' 

( 2 , 8 , 1 ) ( 2 , 8 , 6 ) ( 2 , 8 ) ( 2 / 8 , 8 ) 


Na^ 

Na? 


Na+ 

Na+ 


K’' 


ci; 




?ci: 


(iii) Magnesium fluoride : Magnesium combines with 
fluorine to form MgF 2 . Magnesium atom loses two electrons 
and is converted into magnesium ion (Mg”^"^) with neon like 
configuration (2, 8). 


Each fluorine atom having seven electrons in valency shell 
requires one electron to acquire neon configuration (2, 8). 


or Mg^^(Fl 2 


. . XX 

- 

- 

- 

:F- Mg 

:f^ 

Mg^^ 

?f: 

(2, 7) (2, 8, 2) (2, 7) 

(2, 8) 

(2, 8) 

(2, 8) 


In all ionic compounds, the electrons lost by one or more 
atoms in achieving the noble gas configuration of a cation 
are accepted by the requisite number of companion atoms to 
achieve noble gas configuration of the anions. Thus, 

(number of cations formed) X (number of electrons lost in 
forming one cation) == (number of anions formed) x (number 
of electrons gained in forming one anion). 

m Conditions for Forming Electrovalent 
or Ionic Bond 

The following conditions favour the formation of an 
electrovalent bond. 

(i) Number of valency electrons : One atom should 
possess 1, 2 or 3 valency electrons while the other atom 
should have 5, 6 or 7 valency electrons. The atom which 
changes into cation should possess 1,2 or 3 valency electrons, 
i:e., it should belong to group lA, IIA or IIIA, It should be 
metallic or electropositive in nature. The other atom which 
changes into anion should possess 5, 6 or 7 electrons in the 
valency shell, ie„ it should belong to group VA, VIA or VILA, 
It should be non-metallic or electronegative in nature. The 
atoms of transition metals can ^Iso lose electron or electrons 
and converted into cations. Thus,^hey can also form electro¬ 
valent bonds but do not acquire inert gas configuration 
always. 

(ii) Difference in electronegativity : The formation of an 
electrovalent bond will be easier if the difference in the 
electronegativities of the two atoms is high. A difference of 
about 2 is necessary for the fomtation of an electrovalent bond. 
The electronegativity of sodium is 0.9 and that of fluorine is 
4.0. Since the difference is 3.1 both will readily form an 
electrovalent.bond. 

(iu) Overall deci^ase in energy: In the formation of an 
electrovalent bond, there must be overall drarease in energy, 
Le., energy must be released. Energy changes are involved in 
the following steps: 

(a) Energy equivalent to ionisation energy is required to 
convert a neutral isolated gaseous atom into a cation. 

A + ionisation energy = e~ ...(i) 

Lower the value of ionisation energy of an atom^ greater 
will be the ease of formation of the cation from it, i,e„ one 
atom should have low value of ionisation energy. 

(b) Energy equivalent to electron affinity is released when 
an electron is added to a neutral isolated gaseous atom to 
make it univalent anion. 


,..(ii) 


B + e = B + electron affinity 
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Higher the value of electron affinity of the atom, greater 
the ease of formation of the anion from it, i,e., other atom 
should have high value of electron affinity* 

(c) Lattice energy : Cation and anion attract each other 
by electrostatic force of attraction to give a molecule A^B". 



Fig. 2.2 Crystals of ionic compounds 

Since the electrostatic field of a charged particle extends in 
all directions, a positive ion is surrounded by a number of 
negatively charged ions while each negative ion similarly 
surrounded by a number of positive ions. Th^e cations and 
anions arrange systematically in an alternating cation-anion 
pattern as shown in Fig. 2.2. This is called a crystal lattice. 
This process of clustering ions increases the force of attraction 
and thus potential energy decreases. The energy released 
when the requisite number of positive and negative ions 
are condensed into crystal to form one mole of the 
compoimd is called lattice energy (HI step). Higher the 
lattice energy, greater will be the ease of forming an ionic 
compoimd. If the energy released in steps (II) and (III) is 
greater than the energy used in step (I), the formation of an 
ionic compound will be favoured* 

The value of lattice energy depends on the charges present 
on the two ions and the distance between them. According 
to Coulomb^s law, the force of attraction (F) between two 
oppositely charged ions in air with charges equal to and 
^2 and separated by a distance d is given by, 

P 1 ^ 1^2 

^ 47l6rojK ^2 

where d is equal to sum of ionic radii of the two ions and 
K is dielectric constant of medium. 

_ Wz 

4iteQK + 


The value of f increases if (i) and qi are high and (ii) 
(ta*' + is smaU, 

The stability of the ionic compoimd and the strength of 
the ionic bond depends on the value of F. Higher the value 
of F, greater shall be the stability of the ionic compound and 
hence greater shall be the strength of the ionic bond. For 
example, HaCl is more stable than CsCl as + ^a"") is 
less than (rcs^ + ref). MgO is more stable than NaCl as the 
product qxq 2 is four times more in MgO than NaCL 

The lattice energy can abo be defined as the energy 
required to separate one mole crystal of an ionic compound 
into gaseous ions. 

TheoreticaUy, lattice energy is given by Bom-Lande 
equation. 


nj 

where No == Avogadrob number 

M = Madelung constant (depends on crystal 
structure) 

and ZT = Charges on cation and anion 
e= charge on the electron, 
r = (radius of cation) -f r" (radius of anion) 
n = Bom constant (depends on the electronic 
configuration of ions) 

Note : In a number of cases, the results obtained kom Bom- 
Lande equation are different than experimental values. 
Thus, the Bom-Lande equation is not perfect and needs 
modification. 

Conclusions 

(i) An ionic bond is purely electrostatic in nature. 

(ii) Its formation is favoured by: 

(a) Low ionisation potential (I.Pd of the element 
that forms a cation on losing electron(s). The element should 
be metal, i.e., electropositive in nature. 

(b) High election affinity (E.A.) of the element that 
forms an anion on gaining electron(s). The element shoixld 
be non-metal, i.e., electronegative in nature. 


L.E.: 


NoMZ-^Z'e^ 
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(c) High lattice eneigy (L.E.) : The energy released when 
isolated ions form a crystal. The value of lattice energy 
depends on the charges present on the two ions and distance 
between them. It shall be high if charges are high and ionic 
radii are smaU. 

(d) The summation of three energies should be negative, 
i.e., energy is released. 

LP. + E.A. + L.E. = -ive 

(iii) Highly electropositive elements of groups I and 11 
combine with highly electronegative elements of VI and VII 
(or 16th and 17th) groups to form electrovalent or ionic 
compounds. Halides, oxides, sulphides, nitrides and 
hydrides of alkali and alkaline earth metals are generally 
ionic. 

(iv) Greater the difference of electronegativity between 
two atoms, higher will be the possibility of ionic bond 
formation. 

(v) mectrovalency : The capacity of an element to form 
electrovalent or ionic bond is termed as electrovalency. 
The capacity is measured in terms of the electrons lost or 
accepted. Thus, electrovalency of an element is equal to the 
number of electrons lost by an atom of the element or gained 
by the atom of the element as to acquire inert gas 
conHguration. The elements which lose electron or electrons 
show positive electrovalency and the elements which gain 
electron or electrons show negative electrovalency. Generally 
positive and negative signs are not used in practice and only 
the number is taken to represent electrovalency. 


Btement 

Nor of ele¬ 
ctions lost 
or gained 
by an atom 

--- 

Electro- 

valency 

Change in electronic 
configuration 

Na 

1 (lost) 

1 (Monovalent) 

2, 8, 1 to 2, 8 (Na*) 

K 

1 Oost) 

1 (Monovalent) 

2, 8, 8, 1 to 2, 8, 8 (K*) 

Mg 

2 (lost) 

2 (Divalent) 

2, 8, 2 to 2, 8 (Mg**) 

Ca 

2 aost) 

2 (Divalent) 

2, 8, 8, 2 to 2, 8, 8 (Ca""^) 

A1 

3 (lost) 

3 (Trivalent) 

2, 8, 3 to 2, 8 

F 

1 (gained) 

1 (Monovalent) 

2, 7 to 2, 8 (FI 

Cl 

1 (gained) 

1 (Monovalent) 

2, 8, 7 to 2, 8, 8 (Cl“) 

O 

2 (gained) 

2 (Divalent) 

2, 6 to 2, 8 (0”1 

S 

2 (gained) 

2 (Divalent) 

2, 8, 6 to 2, 8, 8 (S'”) 

N 

3 (gained) 

3 (Trivalent) 

2, 5 to 2, 8 (N"""") 


DETERMINATION OF LATTICE ENERGY 

The lattice energy of an ionic solid is determined experi¬ 
mentally by a process known as Bom«Haber cycle. This cycle 
is based on Hess's law, Le,, the formation of an ionic crystal 
may occur either by direct combination of the elements or by 
an alternate process in which the following steps are 
involved. In both cases energy involved is the same. 

(i) The reactants are converted into gaseous state. 

(ii) The gaseous atoms are converted into ions. 

(iii) The gaseous ions are combined to form ionic 
compound. 

For example, the formation of KF can occur either directly 
or in steps. 

Direct Combination 

Kis)+^F 2 (g) - >ms) 

Mi or heat of formation = -562.6 kj moF^ 

in Steps: 

(i) Conversion of soMd potassium into gaseous state. 

- Kis) - >Kig) 

H.A. or heat of atomisation = +89,6 kJ moF^ 

(ii) Formation of a cation. 

iC(g)—-+ iCig) + 

LP. or first ionisation potential = +419.0 kJ moF^ 

(iii) Conversion of molecular fluorine into gaseous atomic 
fluorine. 

1/2 H.D. or 1/2 (heat of dissociation) 
= + 1 /2 (158.2) = 79.1 kJ moF^ 

(iv) Formation of anion. 

F(g) + e~ - > F~(g) 

E.A. or first electron affinity =-332.6 kJ moF^ 

(v) Combination of K *(g) and f “(g) to form KF(s). 

K^(g) + F-(g) -»KF(s) 

L.E. or lattice energy = -U kJ moF^ 

On the basis of Hess's law 

-562.6 = 89.6 + 419.0 + 79.1 - 332.6 - U 
(/= 817.7 kJmoF\ 

i.e., lattice energy of KF=-817.7 kJ moF^ 
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Born-Haber cycle for formation of KF{s) may= be 
repr^ented as: 



Lattice energies of some ionic compounds : 


Name of the 
compoimd 

Lattice energy 
in kj mol"^ 

Name of the 
compound 

Lathee energy 
in kJ moF^ 

NaCl 

769 

NaBr 

732 

KCl 

701 

CaBr2 

2132 

MgCl2 

2326 

Lil 

730 

BaCla 

2033 

Nal 

682 

Na20 

2481 

Mgl2 

1944 

MgD 

3795 

! Bal2 

1831 

CaO 

3414 

CaF2 

2630 

BaO 

3029 

!' ’‘Alas 

5492 


From the above table, it is clear that lattice energy is 
affected by both the charge and size of the ions. Compounds 
with higher charges have large lattice energies and lattice 
energy decreases as the size of one or both the ions, ie,, cation 
and anion, increases. In general, the compounds having high 
values of lattice energy possess the following characteristics: 

(i) High stability 

(ii) High melting points 

(iii) Low solubility in water (If lattice energy is higher 
than hydration energy). 



TYPES OF JONS 


The following types of ions are encountered. 

(i) Ions with inert gas configuration : The atoms of the 
representative elements of group I, II and III by complete Ic^s 
of their valency electrons and the elements of group V, VI 
and VII by gaining 3,2 and 1 electrons respectively form ions 
either with ns^ configuration or ns^p^ configuration. 

(a) Ions with Is^ (He) configuration: H“, Li^, Be^^, etc. 
The formation of Li"^ and Be^”^ is difficult due to their smaU 


size and high ionisation energy. 

(b) Ions with ns^p^ configuration : More than three 
electrons are hardly lost or gained in the ion formation. 


Cations : Na^, etc. 

Anions : Q”, 0^“, N^, etc. 



(ii) Ions with pseudo inert gas configuration; The Zn^^ 
ion is formed when zinc atom loses its outer 4s electrons. The 
outer shell configuration qf Zn^”^ ion is 3s^3p%d^^. The 
ns^np^n(f^ outer shell configuration is often called 
pseudonoble gas configuration which is considered as stable 
one. 

Examples: Zn^^ Cd^% Hg^^, Cu^ Ag^ Au^ Ga^^ etc. 

(iii) Exceptional configuration : Many d- and /- block 
elements produce ions with configurations different thm 
the above two. Ions like Fe^"^, Mn^^, etc., attain a stable 
configuration half filled d-orbitals. 

3s^3p^ 3d^; 3s^ 3p^ 3d^ 

Examples of other configurations are many. 

(Ss^ 3p^ 3d^) ; (38^ 3p^ 3db 

(3s^ 3p^ 3d^ ; . Fe^"- (3s2 3p^ 3d^) 

However, such ions are comparatively less stable. 

(iv) Ions with ns^ configtiration : Heavier members of 
groups lU, IV and V lose p-electrons only to form ions with 

-I- 04, O4- '^4. 

ns configuration. T1 , Sn , Pb , Bi are the examples of 
this type. These are stable ions. 

(v) Polyatomic ions : The ions which are composed of 
more than one atom are called polyatomic ions. These ions 
move as such in chemical reactions. Some common 
polyatomic ions are: 

NH 4 (Ammonium); NO 3 (Nitrate); 

POf” (Phosphate); SO^" (Sulphate); 

C 03 ~ (Carbonate); SO^TSulphite), etc. 

The atoms within the polyatomic ion^ are held to each 
other by covalent bonds. 

The electrovalencies of an ion (any type) is equal to the 
number of chaiges present on it. 

2^ METHOD OF WRITING FORMULA 
OF AN IONIC COMPOUND 

In order to write the formula of an ionic compound which is 
made up of two ions (simple or polyatomic) having electro¬ 
valencies X and y respectively, the following points are 
followed: 

(i) Write the symbol of the ions side by side in such a 
way that positive ion is at the left and negative ion 
at the right as AB. 

(ii) Write their electrovalencies in figures on the top of 
each symbol as A^B^. 

(iii) Divide their valencies by H.C,F, 

^ wy 

(iv) Now apply criss cross rule as A B, ie,, formula 
AyB,. 
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Example: 

Calcium chloride 

Aluminium oxide 

Potassium phosphate 

Magnesium nitride 
2 2 

Calcium oxide CaO or 
Ammonium sulphate 


2 \ / 1 

Ca^Cl -CaCl2; 

3 ..2 

A1 O = AI 2 O 3 ; 
1^3 

K PO 4 = K 3 PO 4 ; 

2 3 

Mg'^N =Mg3N2; 

=CaO; 

1 2 

N/ 

NH 4 SO 4 - (NH 4 ) 2 S 04 


The following table summarises general formulae of 
the binary ionic compoimds formed by representative 
elements: 


Metal 

Non-metal 

General 

formula 

Ions present 

Example 

lA 

VIIA 

MX 

M*X- 

NaCl 

IIA 

VIIA 

MX2 


CaCli 

IIIA 

VIIA 

MX3 


AIF3 

lA 

VIA 

M2X 

2M*X^- 

K2S 

IIA 

VIA 

MX 


CaO 

niA 

VIA 

M2X3 

2M^*3X^- 

AI2O3 

lA 

VA ■ 

M3X 

3M*X^ 

NasP 

IIA 

VA 

M3X2 

3M'^*1X^ 

Mg 3 N 2 

IIIA 

VA 

MX 


AlP 


2^ DIFFERENCE BETWEEN ATOMS AND IONS 


The following are the points of difference between atoms and 
ions : 


Atoms 

1. Atoms are perfectly neutral in 
nature, le., number of protons 
equal to number of electrons. 
Na (protons 11, electrons 11) 


2. Except noble gases, atoms have 
less than 8 electrons in the 
outermost orbit. 


Ions 

Ions are charged particles, cations 
are positively charged, Le., number 
of protons more than the number 
of electrons. Anions are negatively 
charged, ie., number of protons less 
than the number of electrons. 

Na"^ (protons 11, electrons 10)* 

Cr (protons 17, electrons 18) 

Ions have generally 8 electrons in 
the outermost orbit, i .e., ns^np^ con¬ 
figuration. 


Na 2, 8,1; Ca 2, 8, 8, 2 
Cl 2,8,7; S 2,8,6 

3. Chemical activity is due to loss 
or gain or sharing of electrons 
as to acquire noble gas configu¬ 
ration. 


2,8; CF 2,8,8 

Ca^'" 2, 8, 8 

The chemical activity is due to the 
charge on the ion. Oppositely 
charged ions are held together by 
electr<Btatic forces. 


Note : There is a difference, in their relative sizes. A positive 
ion is always smaller and a negative ion is always larger 
than the corresponding atom. 

Cl 0.99 A 
cr 1.81 A ^ 


Na^<Na 

Na^ 0.95 A 


ie., Q > Cl 


2.li GENERAL CHARACTERISTICS OF 
ELECTROVALENT COMPOUNDS 


The compounds having electrovalent bonds are called 
electrovalent compounds. The following are some of the 
general properties shown by these compounds : 

(i) Crystalline nature : Electrovalent compounds are 
usually crystalline in nature. The constituent units in an ionic 
crystal are ions and not molecules. These ions are arranged 
together in a regular way in an ionic lattice. Force of attraction 
between the ions is non-directional and extends in all 
directions. Thus, electrovalent compounds consist of three 
dimensional solid aggregates. Normally each ion is 
surrounded by a number of oppositely charged ions and this 
number is called the coordination number. The coordination 
numbers of positive and negative ions are the same if thare 
are equal number of both the iom as in NaCL The geometry 
of the ionic crystal depends on radius ratio of the cation and 
anion (r^+Zra*). In the case of NaCl crystal, the coordination 
number is six that is each Na^ ion is surrounded by equally 
spaced six CF ions placed at the comers of regular 
octahedron and similarly each CF ion is surrounded by six 
equally spaced Na^ ions placed at the comers of an 
octahedron (see Fig. 2.3 and 2.4). The shape of NaCl unit ceU 
is cubical. 



Fig, 2.3 Actual compact structure of 
sodium chloride crystals 


As electrovalent compoimds have closed packed 
stmctures and ions have no freedom of movement, these are 
not found in liquid or gaseous states under ordinary 
conditions of temperature and pressure and exist as solids. 

Electrovalent compounds have low volatility and high 
stability because strong electrostatic forces of attraction bring 
these ions very close to one another, thereby decreasing the 
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volume of the crystal and hence, these compounds have high 
density. 

(ii) Melting and boiling points : Due to strong 
electrostatic forces of attraction, the ions are held tightly in 
their positions in the crystal lattice. To dislodge the ions from 
their positions, a considerable amount of energy is necided 
to overcome the forces of attraction. Thus, electrovalent 
compounds possess high melting and boiling points. Melting 
point of ionic solid is sharp and fixed. C(X)lmg curve of ionic 
solids is also not smooth (see cooling curve on Page 76). 



Fig. 2.4 Cubical structure of sodium chloride crystal 

(iii) Hard and brittle : Electrovalent compounds are 
hard in nature. The hardness is due to strong forces of 
attraction between oppositely charged ions which keep 
them in their alloted positions. The brittleness of the crystals 
is due to movement of a layer of a crystal on the other layer 
by application of external force when like ions come infront 
of each other. The forces of repulsion come into play. The 
breaking of crystal occurs on account of these forces or 
repulsion. 

(iv) Solubility : Electrovalent compounds are fairly 
soluble in polar solvents and msoluble in non-polar 
solvente. The polar solvents have high values of dielectric 
coi^tants*'^ Water, the polar solvent, one of the best solvents 
as it has a high value of dielectric constant. Due to high value 
of dielectric constant, the electrostatic force of attraction 
between the ions decreases and these ions get separated 

. and ultimately solyated by the molecules of the solvent. The 
non-polar solvente have very low value of dielectric 
constants**^ and are not capable of dissolving electrovalent 
compoimds. 

The values of dielectric constants of some of the 
compounds are given below: 

Compound. Water Methyl Ale. Ethyl Ale. Acetone Ether 

Dielectric constant 81 35 27 21 4.1 

■ ■ -^^^ - > 

Capacity to dissolve electrovalent 

compounds decrease 

The solubility in polar solvents like water can also be 
explained by saying that the molecule of water is a dipole. 

’The dielectric constant of a solvent is defined as its capacity 
immersed in that solvent. 


The positive end of the dipole interacts with the negative ion 
of the electrovalent compound and the negative end of the 
dipole interacts with the positive ion of the same electro¬ 
valent compound as shown in Fig, 2.5, Water molecules puE 



. Fig. 2.5 Solvation of NaCI in water 

the ions from the crystal lattice. These ions am then 
surrounded by water dipoles with the oppositely charged 
ends diiected towards them. These solvated ions lead an 
independent existence and are thus dissolved in water. 

The solubility of an electrovalent compound in a polar 
solvent can also be explained on the basis of lattice and 
solvation (hydration in case if water is solvent) energies. The 
electrovalent compound dissolves in a solvent if the value 
of solvation energy is higher than the lattice energy of the 
electrovalent compound. When the compound is dissolved 
in a solvent, first the compound is broken down into ions. 
The energy required for this process is called lattice energy. 

AB + Lattice energy = + B" 

These ions are surrounded by solvent molecules. 
This process is called solvation. This process is exothermic. 

+ x(solv.)-^ [A (solv.)+ energy 

B” + y(solv.) —-4 [B (solv.)y]“ -f energy 

The value of solvation energy depends on the relative size 
of the ions. Smaller the ion more of solvation, hence solvation 
energy wiE be high. The non-polar solvente do not form 
solvated ions and thus no energy is released. Hence, 
solubEity of electrovalent compounds in non-polar solvents 
is not possible. It is notable point that if an electrovalent 
compotmd dissolves in non-polar solvent then colloidal 
solution is formed, e.g., NaCl form coUoidal solution in 
kerosene. 

(v) Electrical conductivity : Electrovalent solids do not 
conduct electricity. The reason is that the ions, on accoimt of 
electrostatic forces of attraction, remain intact occupying 
fixed portions in the crystal lattice. The ions, thus, do not 
move where electric current is applied, 

to weaken the force of attraction between the electrical charges 
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When electrovalent compounds are melted or dissolved 
in a polar solvent, the ions become mobile. They are attracted 
towards the respective electrodes and act as carrier of electric 
current. Thus, electrovalent compounds in the molten state 
or in solution conduct electricity. 

(vi) Space isomerism : The electrovalent bond is non- 
rigid and non-directionaL Thus, the electrovalent compounds 
do not show space isomerism or stereo-isomerism. 

(vii) Isomorphism ; Compounds having same electronic 
structures are isomorphous to each other. For example, 
sodium fluoride and magnesiiim oxide are isomorphous to 
each other. 

Na+F" , 

( 2 , 8 ) ( 2 , 8 ) ( 2 , 8 ) ( 2 , 8 ) 

Potassium sulphide, potassium chloride and calcium 
chloride are isomorphous to each other. 

cr Ca^+ cr 

( 2 , 8 , 8 ) ( 2 , 8 , 8 ) ( 2 , 8 , 8 ) ( 2 , 8 , 8 ) ( 2 , 8 , 8 ) ( 2 , 8 , 8 ) 

(viii) Ionic reactions : Electrovalent compounds furnish 
ions in solution. The chemical reactions are due to the 
presence of these ions. Such reactions are fast. For example, 
SOl^ions present in Na 2 S 04 solution, form white precipitate 
of BaS 04 as soon as BaCl 2 solution is added to it. 

Na 2 S 04 ->2Na+ + SOl- 

BaClj ^ Ba^++ 2Cr 
Ba^+ + SOt->BaS044. 

White precipitate 

(ix) Cooling curve : Cooling curve of an ionic compound 
is not smooth, it has two break points corresponding to time 
of solidification. 



2.1^ VARIABLE ELECTROVALENCY 

Certain elements (metals) show more^ than one electro¬ 
valency in ttieir electrovalent compounds. Ihe atoms of 
these elements lose different number of electrons under 
different conditions, thereby showing variable electro¬ 
valency. The following are two reasons for variable 
electrovalency: 

(i) Instability of the core ; The residue configuration left 
after the loss of valency electrons (electrons present in the 


outermost energy level) is caUed a core or kemeL In the case 
of the atoms of transition elements, ions formed after the loss 
of valency electrons do not possess a stable core as the 
configuration of outermost shell is not ns^np^ hut 
The outershell generally loses one or more 
electrons giving rise to metal ions of higher valencies. The 
variable valencies of iron and copper can be explained on 


this basis. 



Fe 26 

2, 8, 8 + 6, 2 

3s^ 3p® 3rf^ 4s^ 

. 24 

- 2, 8> 8 + 6 

3s^ 3p^ 3d^ (Not stable) 

23 

2,8,8+ 5 

3s^ 3p* 3d® (Stable) 


Thus, iron shows +2 and +3 valencies. The compounds, 
in which iron is in trivalent state, le,, ferric compounds are 
more stable than the compounds in which iron is in divalent 
state (ferrous compounds). The atom of copper possesses one 
electron in the outermost shell. It loses this electron to form 
Cu"^ (cuprous) ion. 

Cu 29 2, 8, 18, 1 3s^ 3p^ 4s^ 

Cu"" 28 2,8,18 3s^3p^3d^^ 

The s^pV^ configuration is not as stable as s^p^ 
configuration and the nuclear charge is not sufficiently 
strong to hold all the electrons intact in their positions. Thus, 
Cu^ ion loses one more electron to form Cu^^ (cupric) ion. 
The Cu^^ ion is quite stable as the nuclear charge is sufficient 
to hold 27 electrons intact. 

Cu^^ 2,8,17 3s‘^3p^3d^ 

Thus, cupric compounds are more stable than cuprous 
compounds. 

The above two explanations fail to account why 

(a) Co ion cannot be easily converted into Co ion like 
Fe ion. 

(b) ion does not lose one more electron as its 
configuration (3s^ 3p^ 3rf^^) is similar to Cu^ ion. 

In general, we can say that whenever the core is unstable, 
it loses one or more electrons to show higher valency and if 
the core is comparatively stable it always resists the loss of 
more electrons. 

The cores of Co^^ ion and Zn^^ ion are comparatively 
stable as the nuclear charges are sufficient to hold all the 
electrons intact in their positions. Co^"^ ion changes into Co^”^ 
ion in presence of an oxidising agent, but cobaltous 
compounds are comparatively more stable than cobaltic 
compounds. 

[Note : Cu^^ is more stable m aqueous’ solution than Cu**” due to 
high hydration energy^.] 

(ii) Inert pair effect i Some of; heavier representative 
elements of third, fourth and fifth groups having confi¬ 
gurations of the outermost shell ns^np^, ns^np^ and ns^np^ 
show valencies with a difference of 2, f.e., (1; 3), (2; 4), (3; 5), 
respectively. In tite case of lower valencies, only the 
electrons present on p^subshell are lost and ns^ electrons 
remain intact. The reluctance of s-electron pair to take part 
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in bond formation is known as the inert pair effect, A partial 
explanation of the inert pair effect is due to the fact that outer 
ns^ electrons penetrate to some extent to penultimate orbit 
consisting 18 electrons thereby attracted strongly towards 
nucleus. Inert pair effect increases in a group as the atomic 
number increases. 

T1 (in group) 2, 8, 18, 32, 18, 6s^ 

2, 8, 18, 32, 18, 6s^ CMy 6p electron is lost 
Sn dV group) 2, 8, 18, 18, 5p^ 

2, 8, 18, 18, Only 5p electrons are l(Bt 

Pb (IV group) 2, 8, 18, 32, 18, 6s^ 6p^ 

2, 8, 18, 32, 18, 6s^ Only 6p el«:trons are lost 
Bi (V group) 2, 8, 18, 32,18, 6p^ 

2, 8,18, 32, 18, 6s^ Only 6p electrons are lost 

When sufficient energy is available, the s-electrons also 
enter into bond formation and higher valencies are observed. 
This tendency to show higher valencies is less in the case of 
Tl, Pb and Bi but more in the case of comparatively lighter 
elements such as In, Sn, Sb, etc. 

Conclusions 

1 . In group 13, Ga, In and Tl show variable valencies of 
+3 and +1. The stability of +3 state decreases while that of 
H“1 state increases, Tl"^ is thus more stable than Tl^^. 

2 . In group 14, Ge, Sn and Pb show variable valencies of 
+4 and +2. The stability of +4 state dairea^s while that of 
+2 state increases. Thus, Ge^ is more stable than Ge^^ while 
Pb^^ is more stable than Pb"^^, 

3. In group 15, P, As, Sb and Bi show variable valencies 
of +5 and +3. The stability of +5 state decreases while that of 
+3 state increases. 

2.1^ COVALENT BOND 

The second mode of combination was first proposed by 
Lewis, in 1916, that there are atoms which attain noble gas 
configuration by sharing one or more electron pairs when 
each atom contributes equally. The pair or pairs of electrons 
become a common property of both. Such a bond is pcssible 
between similar and dissimilar atoms. In this bond the 
atoms do not acquire any charge as the electron or elections 
are not lost completely. The electrons, which are shared, 
occupy such a position in between the nuclei of the two atoms 
where there is maximum force of attraction from the two 
nuclei. The bond is, therefore, termed as non-polar bond. 

'^A chemical bond formed by sharing one or more 
electron pairs between atoms when each atom contributes 
equally is called a covalent bond.'"' 

Covalent bond may be single, double or a triple bond. 
Double and triple covalent bonds are called multiple 
covalent bonds. Single covalent bond is formed by sharing 
of only one electron pair. This bond is repr^ented by single 
dash (—), Double and triple covalent bonds are formed 


when atoms bonded together share two or three electron 
pairs, respectively. These bonds are represented by double 
dash (=) and triple dash (=) respectively. Some examples 
of covalent bonding are given below: 

(i) Formation of hydrogen molecule : In the formation 
of hydrogen molecule, each hydrogen atom contributes one 
electron and then the pair is shared between two atoms. Both 
the atoms acqiiire stable configuration of helium. Thus, the 
molecule consists of one single covalent bond. 



(ii) Formation of chlorine molecule: Chlorine atom has 
seven electrons in the valency shell. In the formation of 
chlorine molecule, each chlorine atom contributes one 
electron and then the pair of electrons is shared between two 
atoms. Both the atoms acquire stable configuration of argon. 


: Cl . X Cl j 

• XX- 

(2,8,7) (2,8,7) 



(iii) Formation of HCl molecule ; Both hydrogen and 
chlorine contribute one electron each and then the pair of 
electrons is equally shared. Hydrogen acquires the confi¬ 
guration of helium and chlorine acquires the configuration 
of argon. 


.ci: 

(1) (2*8,7) 



(2) (2,8,8) 


or H—Cl 


(iv) Formation of water molecule : Oxygen atom has 6 
valency electrons. It can achieve configuration of neon by 
sharing two electrons, one with each hydrogen atom. 


H* + 

( 1 ) 


X X 

^ 0^ + ,H 


(2J) (1) 


or H“0—H 


(2) (2,8) (2) 



(v) Formatioit of methane : Carbon has four electrons 
in the valency shell It can achieve stable configuration of 
neon by sharing four electrons with four hydrogen atoms, 
one with each hydrogen atom. Each hydrogen atom acquires 
helium configuration. 






Chemical Bonding 


79 


(vi) Formation of O 2 molecule : Each oxygen atom 
contributes two electrons and two pairs of electrons are then 
shared equally. Both the atoms acquire configuration of neon. 

XX • • 

o ^ + : o — 

XX • • 

(2,6) (2,6) 

(2,8) (2,8) 

(vii) Formation of molecule: Nitrogen atom has five 
valency electrons. Both nitrogen atoms achieve configuration 
of neon by sharing 3 pairs of electrons^ Le., each atom 
contributes 3 electrons. 


' (2,5) (2,5) 

(2,8) (2,8) 

The shared pairs of electrons present between the atoms 
are called bond pairs. On the other hand, the valency 
electrons which are not involved in sharing or in the 
formation of covalent bonds are termed lone pairs or non- 
bonded electrons. 




Lone pair 



Bond pair 

Ammonia molecule 



Lone pair 

Water molecule 


■ Conditions for formation of covaient bonds 

The following conditions favour the formation of covalent 
bonds: 

(i) Electronegativity : An atom will not transfer the 
electron or electrons to the other atom if the electronegativity 
difference between the two atoms is zero or very small (less 
than 1.6). Such atoms prefer to share electrons, f.e., form 
covalent bonds. 

(ii) When both the atoms are short in electrons in the 
valency shell in comparison to stable noble configuration, 
then such atoms complete the outermost shell by sharing 
electrons. Except hydrogen which has one electron in valency 
shell, such atoms have 5, 6 or 7 valency electrons. The non- 
metals of group VA, VIA and VIIA satisfy this condition. 

2.1^ COVALENCY 

It is defined as the number of electrons contributed by an 
atom of the element for sharing with other atoms as to 
achieve noble gas configuration. It can also be defined as 
the number of covalent bonds formed by the atom of the 
element with other atoms. The usual covalency of an 
element except hydrogen (which has covalency 1) is equal 


to 8-group number of Mendeleev's table to which an 
element belongs. This is true for the elements belonging to 
rV, V, VI and VII groups. 


Element 

Group 

(8““Group number) 

, Covalency 

C 

IV 

8-4 = 4 

4 

Si 

IV 

8-4 = 4 

4 

N 

V 

8-5 = 3 

3 

P 

V 

8-5 = 3 

3 

0 

VI 

CM 

II 

1 

00 

2 

S 

VI 

8-6 = 2 

2 

F 

VII 

8-7=1 

1 

Cl 

VII 

8-7=1 

1 


Generally, the covalency of an element is equal to the total 
number of unpaired electrons in s- and p-orbitals of the 
valency shell. 


Is 


Hydrogen has one unpaired orbital 

t 

2s 

2p 

Fluorine has only one unpaired orbital 

ti 

ti 

ti 

_1 

Oxygen has two unpaired p-orbitals 

ti 

it 

t 

_L 

Nitrogen has three unpaired ^electrons 

t4. 

t 

t 

0 


Covalency 
One 


One 

Two 

Three 


These four elements do not possess d-orbitals in their 
valency shell. However, the elements having vacant 
d"Orbitals in their valency shell like P, S, Cl, Br, I, show 
variable covalency by increasing the number of unpaired 
electrons under excited conditions, ie,, unpairing the paired 
orbitals and shifting the electrons to vacant d-orbitals. [Such 
a shifting is not possible in the case of H, N, O and F 
because d-orbitals are not present in their valency shell.] 
Phosphorus shows 3 and 5 covalencies. 


Phosphorus atom in grotmd state 


3s 3p 3d 


ti 

t t 

t 

r 

□ 

□ 

□ 



Phosphorus atom in excited state 


Three unpaired electrons 
covalency = 3 


t 

11 

t 

t 

□ 

r 

z 

_ 


Five unpaired electrons 
covalency = 5 


Sulphur atom shows 2, 4 and 6 covalencies. 


Sulphur atom in ground state 



Two unpaired electrons 
covalency - 2 


Sulphur atom in excited state, 

(a) When p-orbital is unpaired 
(first excited state.) 


3s 3p 3d 


ti 


11 

t 

□ 

□ 

□ 

□ 


Four unpaired electrons 
covalency = 4 
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t 

T 

t 

T 


(b) When s- and p-orbitals are 
impaired (second excited 
state.) Six impaired electrons 

covalency = 6 

Chlorine shows 1, 3, 5 and 7 covalencies* 


t 

T 



□ 


35 


Chlorine atom in ground state 


3p 


3d 


n 

u 

n 

t 


Chlorine atom in eccited state^ 

(a) First excited state when 
p-orbital is unpaired 


One unpaired electron 
covalency == 1 


(b) Second excited state when 
two orbitals are impaired 


(c) Third excited state when 
one 5 -and two p-orbitals 
are unpaired 


n 

T 


T 


t 

E 


□ 


Five unpaked electrons 
covalency = 5 


T 

t 

t 

T] 

t 

t 

t 


z 



tt \njr\J] It 


Seven unpaired electrons 
covaiency = 7 

Thus, variable covalency is shown by those elements 
whose atoms have vacant d-oxbitals in their valency shell. 


Three unpaired electroi^ 
covalency ^ 3 


2.1^ COVALENT COMPOUNDS 

The compoimds containing a covalent bond or a number of a>valent bonds are termed as covalent compounds. Compounds 
such as HQ, CH 4 , CO 2 / SiOi/ H 2 O, NH 3 , PQ 3 , S02r etc., are some of the examples of covalent compounds. All organic 
compounds and the compoimds formed by the combination of two differmt non-metals are covalent in nature. 

2,1^ COVALENT MOLECULES OF ELEMENTS 

Some of elements are known to exist in molecular forms xmder ordinary conditions. These molecules also possess covalent 
bond or bonds. For example, halogens, sulphur, oxygen, nitrogen, hydrogen, phosphorus, etc., exist in molecular forms. 
Carbon and silicon have complex structure. In these structures the atoms are also linked by covalent bonds. 


Element 

Formula of the molecule 


Structure 

Hydrogen 

H 2 

H ; H 

H 



• • 


Halogens 

X 2 

: x : x : 

mm mm 

X—X 

(F, Cl, Br, I) 






mm mm 


Oxygen 

02 

:o::o: 

0=0 

Nitrogen 

N 2 

: N I • N: 

mm 

N=N 


Sulphur 

(Every sulphur atom is linked to two other 
S atoms by single covalent bonds.) 


\ / 


S . S 

.„*• •• % •* , 
• S • *8 


Phosphorus P4 

(Every phosphorus atom is linked to other 
three P atoms by single covalent bonds.) 



2.1^ CHARACTERISTICS OF COVALENT COMPOUNDS 

(i) Physical state: Under the normal conditions of temperature and pressure, these exist as gases or liquids of low boOing 
points. This is due to the fact that very weak forces of attraction (van der Waals' forces) exist between discrete molecules. 
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Some exist as soft solids if their molecular masses are high. 
Sulphur, phosphorus, iodine are soft solids. 

(ii) Melting and boiling points : With the exception of 
few which have giant three dimensional structures such as 
diamond, carborundum (SiC), silica (Si02), others have 
relatively low melting and boiling points. This is due to the 
presence of weak attractive forces between the molecules. 
On supplying heat energy, the moteul^ are readily pulled 
out from these forc^ and move freely having high kinetic 
energy. 

(iii) Crystal structure: These are of three types. 

(a) First type: These are the crystals in which the unit is 
molecules. The molecules are held by van der Waals' forces. 
These are readily fusible and volatile. Examples are sulphur, 
iodine, phosphorus pentoxide, etc. 

(b) Second type : This includes crystals which have 
separate lattice layers. The best example of this type is 
graphite. Each atom has three neighbours. It is bonded to 
two of them by single covalent bonds and to the third by 
double bond. The bonds tie the atoms very tightly together 
into a layer. These layers can slide on one another. Tim 
accoimts for the softness of graphite. 

(c) Third type i This includes crystals in which 
every atom is bonded to four other atoms by single covalent 
bonds resulting in the formation of giant structure. 
Examples are diamond, silicon carbide (SiC), aluminium 
nitride (AJN). These crystals are very hard and possess high 
melting points. 

(iv) Electrical conductivity ; In general, covalent 
substances are bad conductors of electricity. Substances 
which have polar character like HCl in solution, can conduct 
electricity. Covalent solids having giant molecules, are bad 
conductors since they do not contain charged particles or free 
electrons. The graphite can conduct electricity since electrons 
can pass from one layer to the other. 

(v) Solubility : In general, covalent substance 
are insoluble in polar solvents like water but soluble in 
non-polar solvents like benzene, carbon tetrachloride, 
ether, etc. This is based on the principle, *%ike dissolves like'\ 
Some of the covalent compounds like alcohols, amines 
dissolve in water due to hydrogen bonding. Covalent solids 
having giant molecules are practically insoluble in all 
solvents. 

(vi) Molecular reactions ; Covalent substances show 
molecular reactions. The reaction rates are usually low 
because it involves two steps (i) breaking of covalent bonds 
of the reactants and (ii) establishing of new bonds while the 
ionic reactions involved only regrouping of ions. 

(vii) Isomerism : The covalent bond is rigid and 
directional. On account of this, there is a possibility of 
different arrangements of atoms in space. Covalent com¬ 
pounds can, thus, show isomerism (structural and space). 


2.^^ COMPARISON BETWEEN IONIC AND 
COVALENT BONDS 

Ionic bond Covalent bond 

1. Formed by the transference of Formed by sharing of electrons 

electron or electrons from electro between two non-metal atoms 
positive (metal) to electro- when the electrons are equally 
negative (non-metal) atoms. contributed by both the atoms. 

Sucli a bond is possible between Such a bond is possible between 
dissimUar atoms. similar and dissimilar atoms. 

2. Consists of electrostatic force Consists of shared pair or pairs 

between atoms. of electrons which are attracted 

by both the nuclei. 

3. Non-rigid and non-directional. Rigid and directional, causes 

does not cause isomerism. space and structural isomerism. 

4. It is a weak bond, since the It is strong bond, since the paired 

electrostatic force between the electrons cannot be separated 
ions can be broken easily. easily. 

5. It is polar in nature. It is non-polar if the electronega¬ 

tivity difference is zero or small. 

2aM comparison between ionic and 

COVALENT COMPOUNDS 

Ionic compounds Covalent compounds 

1. Crystalline solids at room Gases, liquids or soft solids 

temperature. under ordinary conditions. 

2. High melting and boiling points. Low melting and boiling points 

with the exception of giant 
molecules. 

3 Hard and brittle. waxy with the exception 

of giant molecules. 

4. Freely soluble in water and in Usually insoluble in water and in 

polar solvents. Insoluble in non- polar solvents. Soluble in non¬ 
polar solvents. polar solvents. 

5. In solid state bad conductors of Bad conductors of electricity with 
electricity. Good conductors in few exceptions having layer lat- 
molten state and in solutions. tice structure. 

6. UMergo ionic mactions. Rates of Undergo molecular reactions, 

reactions are very high. Reactions Rate of reactions are low. 
are fast and instantaneous. _ Reacttoi^ are slow. _ 

2ili| COORDINATE BOND 

It is a special type of covalent bond in which both the shared 
electrons are contributed by one atom only. It may be defined 
as "a covalent bond in which both electrons of the shared 
pair are contributed by one of the two atoms". Such a bond 
is also called as dative bond. A coordinate or a dative bond 
is established between two such atoms, one of which has a 
complete octet and possesses a pair of valency electrons 
while the other is short of a pair of electrons. 



This bond is represented by an arrow (^). 
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The atom which contributes electron pair is called the 
donor while the atom which accepts it is called acceptor. 

.xjie : Coordinate bond after formation is indistinguishable 
from a covalent bond. 

The formation of a coordinate bond can be looked upon 
as a combination of electrovalent and covalent bonds. The 
formation may be assumed to have taken place in two steps: 

(i) The donor atom loses one electron and transferred to 
acceptor atom. As a result donor atom acquires a positive 
charge and the acceptor atom acquires a negative charge. 


• • X'- —^ 

X X 

mm 

+ 

~ X X " 

:a: + 

1 

X X 

: A . 


. B i 

m • 

XX 

• • 


X X 


(ii) These two charged particles now contribute one 
electron each and this pair is shared by both the atoms. 



• • XX 

:a^: B-i 

• • XX 


As the coordinate bond is a combination of one 
electrovalent bond and one covalent bond, it is also termed 
as semi polar bond. 

The compound consisting of the coordinate bond is 
termed coordinate compound. Some examples of coordinate 
bond formation am given below : 

(i) Combination of ammonia and boron trifluoride: 
Although the nitrogen atom has completed its octet in 
ammonia, it still has a lone pair of electrons in the valency 
shell which it can donate. The boron atom in boron trifluoride 
is short of two electrons which it accepts and completes its 
octet. 


H 

' I 

F 

1 

H F 

1 

-n: 

1 

1 

+ B—F 
! 

1 1 

= h^N^B—F ■ 
1 1 

1 

H 

1 

. F 

1 1 

H F 

Donor 

Acceptor 

Coordination compound 


Any atom or ion or molecule which has one unshared 
electron pair which it can donate is termed as Lewis base 
while those which are capable of accepting the lone pair are 
termed as Lewis adds. In above example ammonia is a Lewis 
base while boron trifluoride is a Lewis acid. 

Note : ion and cations of transition metals such as Cu^”^, 

Co 2 +^ p^ 2 +, Cr^"^, Ni^"^, etc., act as Lewis acids. The 

donors are also caDed as ligands. 

(ii) Formation of ammonium ion : Hydrogen ion (H^) 
has no electron and thus accepts a lone pair donated by 
nitrogen. 


H 

I ' ^ 

H—N : + - 

I 

H 

Donor Acceptor 


H 

H— 

I 

H 


+ 



(iii) Formation of H 2 O 2 : Oxygen in water has two lone 
pairs of electrons, out of which one is donated to another 
oxygen atom forming hydrogen peroxide. 


H—o : + Oi - 

I XX • 

H ; 

Donor Acceptor 


H—0-*0 

I 

H 


(iv) Formation of ozone : Oxygen molecule consists of 
two oxygen atoms linked by a double covalent bond. Each 
oxygen atom has two lone pairs of electrons.When one lone 
pair of electrons is donated to a third oxygen atom which 
has six electrons, a coordinate bond is formed. 


: o = o: + o ^ 0=0^0 

X X ' 

Donor Acceptor - 

(v) Formation of CO: Carbon has four valency electrons 
and oxygen has six. Two combine to form a double bond and 
a coordinate bond as to achieve their octet completed. 

c: + ^ o 5 —^: c^o ^ 

Acceptor Donor 

■ Characteristics of Coordinate Compounds 

The properties of coordinate compounds are intermediate 
between the properties of electrovalent compounds and 
covalent compounds. The main properties are described 
below: 

(i) Physical state: These exist as gases, liquids and solids 
under ordinary conditions. 

(ii) Melting and boiling points : Their melting and 
boiling points are higher than purely covalent compounds 
and lower than purely ionic compounds. 

(iii) Solubility : These are sparingly soluble in polar 
solvents like water but readily soluble in non-polar (organic) 
solvents. 

(iv) Stability : These are as stable as the covalent 
compounds. The addition compounds are, however, not very 
stable. It is also a strong bond because the paired electrons 
cannot be separated easily. 
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(v) Conductivity : Like covalent compounds, these are 
also bad conductors of electricity* The solutions or fused 
mass do not allow the passage of electricity. 

(vi) Molecular reactions : These undergo molecular 
reactions. The reactions are slow. 

(vii) Isomerism: The bond is rigid and directional. Thus, 
coordinate compounds show isomerism. 

(viii) Dielectric constant: The compounds containing 
coordinate bond possess high values of dielectric constants. 

2.2^ FAILURE OF OCTET RULE 

There are several stable molecules known, in which the octet 
rule is violated, te., atoms in these molecules have number 
of electrons in the valency shell either short of octet or more 
than octet. Some important example are: 

(i) BeCl 2 molecule: B^l 2 (beryllium chloride) is a stable 
molecule. Be atom forms two single covalent bonds with two 
chlorine atoms, i.e., it attains four electrons in the outer shell. 


xBe.c+2*Ci; 


Cl—Be-’Cl 



(ii) BF 3 molecule: Boron atom forms three single covalent 
bonds with three fluorine atoms, f.e., it attains six electrons 
in the outer shell. 


—F 

' F 

(iii) PCI 5 molecule : Phosphorus atom have five 
electrons in valency shell. It forms five single covalent bonds 
with five chlorine atoms utilising all the valency electrons 
and thereby attains 10 electrons in the outer shell. 




(iv) SF^ molecule: Sulphur atom has six electrons in the 
valency shell It forms six single covalent bonds with six 
fluorine atoms utilising all the valency electrons and thereby 
attains 12 electrons in the outer shell 


XX • • 

S X +6 . F : 

XX • • 


>k 

p/ 1 


(v) IF 7 molecule : Iodine forms seven single covalent 
bonds with seven fluorine atoms utilising 7 valency 
electrons. The iodine atom attains 14 electrons in outermost 
shell. 

F ? F 

XX .. \1/ 

I X +7 • F: —► F—i—F 

XX • • /\ 

F ,F 

To explain the above abnormalities, the following two 
concepts were introduced: 

1, Sugden's concept of singlet linkage : 

Sugden introduced the idea of singlet linkage in favour of 
octet rule. According to this concept the maximum number 
of elaztrons in the outermost shell of any atom cannot exceed 
eight. In the molecules of PCI 5 , SF^, IF 7 , etc., the central atom 
is linked with some of the combining atoms by single- 
electron bonds, called singlet linkage while the remahiing 
atoms are linked by the: norind two electrons bonds. The 
bond is represented by a half arrow (with the head 
pointing from donor towards the acceptor. 

In PCI 5 , three chlorine atoms are linked by normal 
covalent bonds and two chlorine atoms are linked by singlet 
linkages, thus, phosphorus achieves 8 electrons in the 
outermost shell. 



This structure indicates that the nature of two chlorine 
atoms is different than the other three as singlet linkage is 
weaker than normal covalent bond. The above observation 
is a>nfirmed by the fact that on heating, PCI 5 dissociates into 
PCI 3 and CI 2 * 

PCI 5 ^ PCI 3 + CI 2 

Similarly, in SF 5 , four singlet linkages are present while 
in IF 7 , six singlet linkages are present. 



X 
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2. Sidgwick's concept of maximum covalency 

This rule states that the covalency of an element may 
exceed four and octet can be exceeded. The maximum 
covalency of an element actually depends on the period of 
periodic table to which it belongs. The maximum covalency 
of the elements is tabulated below : 


Period 

Elements 

Maximum 

covalency 

No. of electrons in 
the outennost orbit 

1st 

H 

2 

4 

2nd 

Li to F 

4 

8 

3rd 

Na to Cl 

6 

12 

4th 

K to Br 

6 

12 

5th ^ 

1 Rb onwards 1 
> and rest of , 

1 8. . 

16 

6th J 

1 the elements J 

1 



This rule explains the formation of PCI 5 and SF 5 . This also 
explains, why nitrogen does not form NF 5 or NCI 5 because 
nitrogen belongs to sa:ond period and the maximum 
covalency of nitrogen is four. 


2 ^ LEWIS FORMULAE FOR MOLECULES 
AND POLYATOMIC IONS 


Lewis electron-dot formula of a mol^ule or a polyatomic ion 
shows how atoms are bonded with each other. Bonding 
electrons are indicated either by two dots or by a dash. For 
instance, a water molecule can be represented by either of 
the following two diagrams. 


h;o: 

♦ X 

H 


H-“0: 

I 

H 


Lewis dot formula Dash formula 

Lewis dot formulae show only the number of valency 
electrons, the number and kinds of bonds, but do not depict 
the three dimensional shapes of molecules and polyatomic 
ions. Lewis formulae are based on the fact that the 
representative elements achieve a noble gas configuration in 
most of their compounds, ie,, 8 electrons in their outermost 
shell (except for H 2 , Li”^ and Be^'^ ions which have 2 electrons). 

The following steps are followed in constructing dot 
formulae for molecules and polyatomic ions : 

(i) Write a symmetrical ^skeleton' for the molecules and 
polyatomic ions. 

(a) The least el^tronegative element is usually taken as 
the central element except H, 

For example : CO 2 has the skeleton OCO. 

(b) Oxygen atoms do not bond to each other except in O 2 , 
O 3 , the peroxides and superoxides. The phosphate ion 

D 

(POl”) has the skeleton O P O. 

O 


(c) Hydrogen actually bonds to an oxygen atom and not 
to the central atom in ternary acids (oxyacids). 

For example : Nitrous acid HNO 2 / has the skeleton 
HONO, However, there are exceptions to this rule, such as 
for H 3 PO 2 / the skeleton is H P OH. 

O 

H 

(d) For polycentred species such as C 2 H 4 , the most 

HH 

symmetrical skeleton is used. C C is the skeleton for C 2 H 4 . 

HH 

(ii) Calculate the number of electrons available in the 
valency shell of all the atoms. 

For negatively charged ions add to the total number of 
electrons equal to the charge on the anion and for positively 
charged ions, subtract the number of electrons equal to the 
charge on the cations. 

The total number of electrons calculated in this way is 
represented by symbol A. 

For example : A for H2SO4 

A = 2 X 1 (for hydrogen atoms) + 1x6 (for S atom) 

+ 4x6 (for O atoms) 

= 2 + 6 + 24 
= 32 electrons. 

A for ion 

A = 1 X 5 (for P atom) + 4x6 (for O atoms) 

+ 3 (for charge) 

= 5 + 24 + 3 
= 32 electrons. 

AforNH^ion 

A = 1 X 5 (for nitrogen atom) + 4x1 (for H atoms) 

- 1 (for positive charge) 

= 5 + 4-1 
= 8 electrons. 

(iii) Calculate the total number of electrons needed by 
all atoms to achieve noble gas configuration. This number 
is represented by iST. 

For example : N for H2SO4 

N=2x2+8xl+8x4 
= 4 + 8 + 32 
= 44 electrons. 

(iv) Calculate the total number of electrons shared. This 
is represented by S, which is equal to N - A. 

For example : S for H2SO4 

.S = N-A 
= 44-32 
= 12 electrons. 
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(v) Place the shared pair of electrons into the skeleton, 
using double and triple bonds only when necessary. 

for example ; 


O 


o 


H 2 S 04 ;Hosoh; h:o:s:o:h; h- 

o 

^ o 


-o- 


o 

I 

-S—o—H 
I 

o 


Skeleton Dot formula Dash formula 

(vi) Place the additional unshared (lone) pairs of 
electrons to fill the octet to every atom except hydrogen which 
can have only 2 electrons as the total comes equal to A as 


• Q* Twocoordi- 

^ ^ ^ nate bonds to 

H—O^S—0-™H utiHse all the 
. i •• six valency 

lOl electrons of S. 

•« 


SOME WORKED EXAMPLES 


calculated in step (ii). 

For H2SO4 


h:o:s:o:h or 

:o: 

• * 


lExatnple 1, Write the Lewis dot formula and dash formula 
for CO 2 . 

Solution: Step (i) The skeleton is OCO. 

Step (ii) 

A = 1 X 4 (for 0 + 2x6 (for O) = 4 + 12 = 16 electrons 
Step (iii) 

N = 1 X 8 (for 0 + 2x8 (for O) = 8 + 16 = 24 electrons 
Step (iv) S = N- A = 24-16 = 8 electrons shared 

Step(v) 0::C::0 


Step (vi) : o : :c ; ;o: or : O =c=o: 

Example 2. Write the l£wis dot formula and dash formula 
for the SO 4 ion. J 


Step (ii) 

A = 1 X 6 (for S) + 4 X 6 (for O) + 2 (for negative charge) 
= 6 + 24 + 2 
= 32 electrons 
Step (iiii 

N = 1 X 8 (for S) + 4 X 8 (for O) 

= 8 + 32 


40 electrons 


5tep (iv) S = N - A ~ 

40 - 32 = 8 electrons shared 


0 

0 

1 

Step (v) 

0: s‘:o^“ 

0—s—0^’ 

1 


0 

1 

0 


• • 2 - 
:o: 

* V* Two coordinate 

•n 4 ri* bonds to utilise all 
the six valency 
electrons of S. 

Step (vi) 

:o:s:o: or 

:o: 

* • 


Example 3. Write the Lewis dot formula or dash fornnila 
for the C 03 ~ion. 

Solution: Step (i) Skeleton O C 0^~ 

O 

Step (ii) 

A = 1 X 4 (for 0 + 3x6 (for O) + 2 (for negative charge) 
= 4 + 18 + 2 
= 24 electrons 
Step (iii) 

N = 1 X 8 (for O + 3 X 8 (for O) 

= 8 + 24 
= 32 electrons 
Step (iv) 

S =N-A 
= 32-24 

= 8 electrons shared (4 pairs shared) 


Solution: 


Step (i) The skeleton 


OSO 

O 


step(v) oic::o^- 

# • 

o 

step(vi) :o:c::o:^“ or :o—c=b^~ 
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Molecular 

Formula 


Electron dot 
Formula 


Dash Formula or 
Bond Formula 


(a) Compounds having electrovalent bonds only 

NaCl 


Na+ •C\l~ 


Na^Cr 


MgCl2 

:arMg2+ icir 

• • • • ’ 

crMg^cn 

CaCl2 

:circa2+ icir 

• • • • 

crca^cr 

MgO 

Mg2+ ^ 0 

• • 

Mg^O“" 

Na2S 

Na+* S Na+ 

NaV-Na'^ 

CaH2 

HrCa 2 + ; H“ 

trca^tr 

AIF3 

, :Fr aP jft 

r-Ai 3 +r 


• • • • 

X • 

: F r 

• • 


(b) Compounds having covalent bonds only 

HCl 

h;ci; 

• • 

H—Cl 

H2O 

H; 0; H 

• • 

H— 0 —H 

H2S 

H; *s ; H 

• • 

H—S—H 

NH3 

H 

h;n: 

# X 

H 

1 

H—N 

1 


H 

1 

H 

HCN 

H^c^* n: 

H—C=N 


C 2 H 2 

C 2 H 6 

PH3 


CH4 


C 2 H 4 


H 

H; c ; H 

• X 

H 


H H 

X* • X 

X • • X 

H H 


H 

H—C—H 

I 

H 


H H 

I I 

C=C 

I I 

H H 


PCI3 


H 2 O 2 


H % X X X • TJ 
XV/ xxxwxri 

H H 

• X # X 

H jc j c ;h 

• X • X 

H H 
H 

• X 

H; p; 

• X 

H 

* • 

:ci: 

• • • X 

: Cl; p j 

• • • X 

:ci: 


h;o: o ;h 

♦ « • • 


H—C=C—H 
H H 

H—C~C—H 
H H 
H 

I 

H—P 

I 

H 


Cl 

I 

Cl—P 
I 

Cl 


H—O—O—H 


(c) Compounds having electrovalent and covalent bonds 


NaOH 

KCN 

CaC 03 ca2+ 


Na^ 




o; H 


X ^ X 

* » 


* c 5 : N: 


Na'"[ 0 —H]- 

jr+ JCsN]- 


:o * c;; o: 

• • XX • • 

• • 

:o 


Ca+ 


O—C—O 

II 

- O - 

(d) Compounds having covalent and coordinate bonds 


CO 

N 2 O 

N 2 O 3 

N 2 O 4 

N2O5 


:c 


o : 
• • 


XX XX • • 

5o;;n ;n ;;o: 

• # 

X ^ X 
X ^ X 
XX 

XX • • 

^o^:n ; N^:o: 

• • XX 

:o::o: 

• • • • 

XX XX XX 

^o^:n ;o;n:^o: 

• • XX • • 

X o ^ ^ n ^ 

X W X X ^ X 


c^o 

N=N^O 


0 =N—N =0 

i 

O 

0 =N—N =0 

I I 
o o 


0 =N—O—N =0 

I I 

o o 


XX 


XX 
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HN 03 

XX XX 

H; 0 • N 

H— 0 —N=0 
\ 

X X • • 


X Q X 

X VX X 

Xx 

0 


XX XX 

- 

[NOi 


~ 0 —N =0 
* 

X X • • 


. ^.0 ^ 

X X 

0 

Note: 

Remove proton from HNO 3 molecule. 

XX • • XX 


HNO 2 

h;o;n:^o^ 

XX 

XX • • XX 

H— 0 —N=0 

[NOi 

;o;n:^os: 

" 0 —N== 0 ] 


X X 


Note : Remove proton from HNO 2 molecule. 


SO 2 


^ o: s o 


o—s=o 


Note: On the basis of overlapping and hybridization concept, the 

/P 

structure of SO 2 is, S^ , 1 .e., octet rule is not followed. 


O 


SO 3 


XX XX 

X. Vv' » O X W X 

XX • « 


^ n ^ 

X X 
XX 


o--s=o 

o 


Note: On the basis of overlapping and hybridization concept, the 
structure of SO 3 is, O=S=O, L e ., octet rule is not followed. 

O 


H 2 SO 4 


50 ^ o 

XX XX f 

H ; O ; S ; O H O—S—O—H 

XX ♦ • X X I 

^ o ^ o 

XX 

XX 


SO^- 


X ^ X 
X 'w/ X 

XX • • XX 

s;o; 

XX ♦ • XX 
X Q X 
X X 


o 

t 

^os—cr 

\ 

o 


Note : Remove protons from H 2 SO 4 molecule 

H2SO3 


XX,*# XX 

H ; o ; s ; Q ; H h— o-s—o— h 

X X • • XX I 


soi“ 


X ^ X 
X X 
XX 

XX • * XX 

X o • s ; o; 

XX • • XX 


X Q X 
X V/ X 
XX 

Note : Remove protons from H 2 SO 3 molecule. 


O 


O—S'-GT 

\ 

o 


X X 

X O ^ O 

XX •• XX I 

H 3 PO 4 H : O ; P ; O J H H—0”P—O—H 

XX •X XX I 

^ o ^ 

• X 

H 

Note : For SOl"* remove protons from H3PO4 molecule. 


O 

H 


XX XX 

XqX x^x 

X X X X 
XX •• XX •• XX 


o o 
t t 

H4P2O7 HJOJPJOJPJOJH H—O—P—O—P—O—H 

XX •X XX •X XX I I 

’‘o’" o o 

x'-f X X'-'X Y I 

• X • X I I 

H H H H 

Note ; For P 207 “ remove protons from H 4 P 2 O 7 molecule. 


H 3 PO 3 


H 


XX •X XX 

H ; o ; p ; o; H 

XX •• XX 



X X 


o 

H—O—P—O—H 

\ 

o 


A12C16 

(Anhydrous) 


• • • • • • 

: Cl Cl: Cl: 

* * +* *+ •* *+ 

A1 A1 

.* +. +\, 

:ci :ci: ci: 

• • • # 



Note ; Anhydrous aluminium chloride is a dimer. 

XX 



.++ ++ 


O3 

:o* :o: 

• # • • 

XX 

o^% 


X X 

0 

X X 

Cl 


XX • X XX 

1 

SO2CI2 

^o:s:o:: 

XX •X XX 

O^S —0 


X PI X 

X X 

XX 

XX •« XX 

Cl 

SOCI2 

50: s ;ci^ 

XX •X XX 

o-s—Cl 

1 


X X 

X X 

Cl 


X X ♦ • X X 

- 

HIO3 

H;on:o^ H- 

XX • • XX 

-0—1-*0 
i 

0 


X X 

X X 

Note : For IO 3 remove proton from HIO 3 molecule. 
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HCIO 4 


X o X 

X ^ X 

XX • • XX 

H; o; Cl: o j 

• • 

X ^ X 
X X 


o 

t 

H—O—CI^O 

o 


Note : For QO4 remove proton from HCIO4 molecule. 

HC103 H o; Cl: o X H—o—ci^o 


XX •♦ XX 

^o; 


o 


Note : For CIO3 remove proton from molecule. 

<e) Compounds having electrovalent, covalent and 
coordinate bonds 


NH 4 CI 


H 

H- 

r H 1 

1 

• X 

X X 

I 

h;n;h 

;cir 

H— N— 

• X 

X X 

1 

H 


H 


ICiFefCN)^ 



Isosters : Molecules or ions (polyatomic) containing 
same number of atoms and the same total number of electrons 
are called isosters. Usually, isosters have same identical 
Lewis structures. 


Isosteric species 

No. of 

atoms 

No. of 

electrons 

Valency 

electrons 

CH 4 , NH^ 

5 

10 

( 8 ) 

CO 2 , N 2 O, CNO“ NO| 

3 

22 

(16) 

NOi, CO|' BOf" 

4 

32 

(24) 

NH 3 , H 3 O* 

4 

10 

( 8 ) 

cioi, soi- 

4 

42 

(26) 

P 

1 

0 

u 

5 

50 

(32) 

Mn 04 , CrOl” 

5 

58 

(32) 


N 2 , CO and CN are isosters. Their Lewis structures are 
identical. 


^cmo: 

N=N C^O 


[:cr.:mr 


[c=Nr 


2.2^ FORMAL CHARGE 

In case of the polyatomic ions, the net charge is possessed 
by an ion as a whole and not by a particular atom. However, 
for some purposes each atom in a polyatomic ion or 


molecule is assigned a formal charge. It is defined as the 
difference between the number of valence electrons in an 
isolated (i.e., free) atom and the number of electrons 
assigned to tiiat atom in a Lewis structure. The counting of 
electrons is based on the assumption that the atom in the 
molecule owns one elytron of each shared pair and both the 
electrons of a lone pair. 

Formal charge on an atom = total number of valence 
in a Lewis structure electrons in the free atom 

- total number of non 
bonding (lone pair) electrons 

I total number of bonding 
(shared) electrons 

The concept of formal charge can be explained by nitrous 
oxide molecule, N 2 O. The electron dot structure for N 2 O can 
be written as: 

• • 

Using the given relatioi^hip, the formal charges on the 
three atoim can be calculated as follows : 

(a) Terniinal nitrogen atom: 

Valence electrons = 5 

lx)ne pair = one (two electrons) 

Total number of bonding electrons = 6 

1 

Formal charge = 5 - 2-2 x 6 = 0 

(b) Central nitrogen atom: 

Valence electrons = 5 

Lone pair = nil 

Total number of bonding electrons = 8 

Formal charge =5-|x8“ + l 

(c) Terminal oxygen atom : 

Valence electrons = 6 

Lone pair = three (sbc electrons) 

Total number of 

bonding electrons = 2 

1 , 

Formal charge = 6 - 6 -^ x2 = -l 

Thus, the structure can be written as follows : 

:N=N—df 

»* 

The advantage of calculation of formal charges is that it 
helps to ^lect the most stable structure of the molecule or 
ion. The most stable structure is the one which has the 
smallest formal charges on the atoms or zero formal charges 
on the atoms. Negative formal charges should appear on the 
most electronegative atoms. Adjacent atoms in the structure 
should not carry the formal charges of same sign. The total 
formal charges on the atoms in a Lewis structure must be 
zero for a neutral molecule and must equal to net charge for 
a polyatomic ion. 

Example 4 . Calculate the formal charges on atoms in 

(a) CS 2 and (b) COf' ion 
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Solution : (a) Lewis structure of CS 2 is 
« • « • 

;s = c = s: 

Formal charge on each sulphur atom = valence electrons 
- lone pair electrons - ( 1 / 2 ) bonding electrons 
= 6-4-(l/2)x4 = 0 
Formal charge oh carbon atom = valence electrons - lone 
pair electrons - 1/2 bonding el«:trons 
= 4-0-(l/2)x8 = 0 
(b) Lewis structure of CO|” ion is 


:o: 

II 



Formal charge on carbon atom = 4 - (1/2) x 8 = 0 
Formal charge on double bonded O atom 

= 6 - 4 - (1/2) X 4 = 0 
Formal charge on single bonded O atom 

= 6-6-(l/2)x2 = -l 

Example 5. Select the most stable correct structure of 
COCI 2 

(a) : 6 —c=Cl: (b) :c=o—ci: 

•• I •• I 

:ci; :ci: 

• « • « 

(c) :o=c—ci: 

♦ • I • • 

:ci: 

» m 

Solution : (a) FC on O atom = 6 - 6 — (1/2) x 2 = —1 
FC on C atom = 4 - 0 - (1/2) x 8 = 0 
FConaalom = 7-6-(l/2)x2 = 0 
FConCl atom = 7-4-(l/2)x4 = +l 

(b) FC on C atom = 4 -4 - (1/2) X 4 = -2 
FC on O atom = 6 - 0 - (1/2) x 8 = +2 
FC on Cl atom = 7 - 6 - (1/2) x 2 = 0 

(c) FC on O atom = 6 - 4 - (1/2) x 4 = 0 
FC on C atom = 4 - 0 - ( 1 / 2 ) x 8 = 0 
FC on a atom = 7-6- (1/2) X 2 = 0 

Structure (c) with formal charges of zero is the most stable 
correct structure. 


2.H POLARITY OF COVALENT BOND 

In all homonudear diatomic molecules like hydrogen 
molecule (H 2 ), chlorine molecule (Q 2 )/ fluorine molraile (F 2 ), 
oxygen molecule (O 2 )/ the electron pair or pairs is shared 
equally between the two atoms* This means that shared 
electrons are equally attracted to both the nudei and therefore 
spend equal amounts of time near eadt nucleus. As a result, 
the molecule is neutral or non-polar. 


When the heteronuclear diatomic molecule is considered 
the situation is not simple. Electronegativity is defined as 
the tendency of an atom to attract electrons towards itself 
in a chemical bond. Thus, in heteronudear diatomic 
molecule, both the atoms joined by the covalent bond possess 
different electronegativity. As a r^ult, the atom havinghigher 
value of electronegativity attracts the shared electron pair 
much more strongly than the other atom. For example, in HF 
the electron pair is more attracted towards F as it is more 
electronegative than hydrogen. Due to this, the fluorine end 
of the molecule appears negative and the hydrogen end 
positive. Such molecules having two oppositely charged 
poles are called polar molecules and the bond is said to be a 
polar covalent bond. 

p -!- p H-^F 

• • 

Equally shared Unequally shared 

A covalent bond, in which electrons are shared 
unequally and the bonded atoms acquire a partial positive 
and negative charge, is called a polar covalent bond or a 
covalent bond between two dissimilar atoms is a polar 
covalent bond. 

Two kinds of notation are used to indicate a polar covalent 
bond. 

6+ 8_ J> 

H—F or H—F 

Polar covalent bonds may be thought of as being inter¬ 
mediate between the non-polar bonds and pure ionic bonds. 

Bond polarity is described in terms of ionic character 
which usually increases with increasing difference in the 
electronegativity (EN) between bonded atoms. 

H—F H—Cl H—Br H—I 

EN 2.1 4.0 2.1 3.0 2.1 2.8 2.1 2.5 

Difference in EN 1.9 0.9 0.7 0.4 

- : - > 

Ionic character decreases as the difference 
in electronegativity decreases 

Pauling has estimated the approximate percentage of ionic 
character in various A—B covalent bonds from the {Xji - Xg) 
values, i.c., electronegativity difference of the two atoir^ 
forming the covalent bond. 


Xa-Xb 

Percentage of 
ionic character 

Nature of A —B bond 

0 

0 

Purely covalent 

0.1 to 0.8 

0.5 - 15 

Covalent 

0.9 to 1.8 

19 ^ 47 

Polar covalent 

1.9 

50 

50% ionic and 50% covalent 

2 to 3.2 

55-93 

Ionic 


Hanny and Smyth gave the following equation for calcula¬ 
ting the percentage of ionic character in A—B bond on the 
basis of the values of electronegativity of the atoms A and B. 
Percentage of ionic character = [16 (Xa -- Xg) + 33(Xa - X^)^] 
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This equation giv^ approximate calculation of percentage 
of ionic character, e.g,, 50% ionic character corresponds to 
(X>i - Xg) equal to 2.1. 

Example 6. Calculate the percentage of ionic character in 
Cs—Cl bond in CsCl molecule. The electronegativihf values ofCs 
and Cl are 0.7 and 3.0 respectively. 

Solution : X^ ^ Xg = Xq - Xcs = (3.0 - 0.7) = 2.3 
Percentage of ionic character in Cs—Cl bond 

= [16 X 2.3 + 3.5 X (2.3)^] 

= [36.8 + 18.51] 

= 55.31 

Example 7. Arrange molecules HF, HCl, HBr and HI in 
the decreasing order of the percentage of ionic character. Electro¬ 
negativity mines are as follows: 

H= 2.1, f = 4.0, Cl = 3.0, Br = 2.8 ,1 = 2.5 
Solution: Percentage of ionic character in H— 

= [16 X 1.9 +3.5 X (1.9)^] 

= 43 

% ionic character in H—a = [16 X 0.9 + 3.5 X (0.9)^] 

= 17.2 

% ionic character in HBr = [16 x 0.7 +3.5 x (0.7)^] 

= 12.9 

% ionic character in HI = [16 x 0.4+3.5 x (0.4)^] 

= 7.0 

Order HF > HCl > HBr > HI 

DIPOLE MOMENT 

Difference in polarities of bonds is expressed on a numerical 
scale. The polarity of a molecule is indicated in terms of 
dipole moment (p). To measure dipole moment, a sample of 
the substance is placed between two electrically charged 
plates. Polar molecules orient themselves in the electric field 
causing the measured voltage between the plates to change. 

The dipole moment is defined as the product of the 
distance separating charges of equal magnitude and opposite 
sign, with the magnitude of the charge. The distance between 
the positive and negative centres is called the bond length. 
Thus, 

p = electric charge x bond length 

= qxd 

As a is in the order of 10“^^ esu and d is in the order of 

_Q * D 

10 cm, p is in the order of 10 . esu cm. Dipole moment is 
measured in 'Debye" unit (D). 

1 D = 10“^^ esu cm = 3.33 x 10"^ coulomb metre 
Generally, as electronegativity difference increases in 
diatomic molecules, the value of dipole moment increases. 
Greater the value of dipole moment of a molecule, greater the 
polarity of the bond between the atoms. 


Molecule H—I . H—Br H—Cl H—F 

% ionic character 7 12.9 17.2 43 

(X^-Xg) 0.4 0.7 0.9 1.9 

Dipole moment 0.38 D 0.78 D 1.03 D 1.92 D 

Dipole moment is a vector quantity, f.e., it has both 
magnitude as weE as direction. The overaE value of the 
dipole moment of a polar molecule depends on its geometry 
and shape, i.e.,vectoriaI addition of dipole moment of the 
constituent bonds. A symmetrical molecule is non-polar 
even though it contains polar bonds. For example, CO 2 , BF 3 , 
CH 4 , CCI 4 being symmetrical molecules have zero resultant 
dipole moments and hence are non-polar since dipole 
moments summation of all the bonds present in the molecule 
cancel each other. Dipole moment is usuaEy indicated by an 
aiTow having + on the tail (4—>), above the polar bond and 
pointing towards the negative end. 

F H 

11 A 

H 



Unsymmetrical non-linear polyatomic molecules 
always have net value of dipole moment, thus such 
molecules are polar in nature. H 2 O, CH 3 CI, NH 3 , ete., are 
polar molecules as they have some positive values of 
dipole moments. 




Water (i= 1.84D 

Sulphur dioxide 

i 

1 

1 

fi=1.60D 

1 

Cl 


1 

... A 

- 1 

i 

II 


\T 

H 

\\ 

H 

Methyl chloride 

Ammonia 

^-I.86D 

p=L46D 


■ Calculation of Resultant Bond Moments 

Let AB and AC are two polar bonds inclined at an angle 
0 , their dipole moments are pt and p 2 - 
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Resultant dipole moment may be calculated using 
vectorial method. 

Pr =-y/pi+P2+2piP2COS0 

when, 0 = 0 , the resultant is maximum. 

PR = Pi + P2 ->-- 

when, 0 = 180°, the resultant is minimum. 

- < -->- 

DIPOLE MOMENT OF SOME COMMON SUBSTANCES 


MOLECULAR GEOMETRY AND DIPOLE MOMENT 


Compound 

Dipole 

moment 

(D) 

Compound ^ 

Dipole 

moment 

(D) 

Compound 

Dipole 

moment 

(D) 

HF 

1.92 

NH 3 

1.46 

CHsCl 

1,86 

HQ 

1.03 

H 2 O 

1.84 

C 2 H 5 OH 

1.68 

HBr 

0.78 

H 2 S 

0,92 

CH 3 COCH 3 

1.30 

HI 

0.38 

SO 2 

1.60 

C 6 H 5 CI 

1.57 


■ Applications of Dipole Moment 

(i) To decide polarity of the molecule : Molecules 
having zero dipole moment* are said to be non-polar 
molecules and those having ] 1 r ^0 are polar in nature. 

(ii) To determine percentage of ionic character : 
The value of dipole moment can be used for determining the 
amoimt of ionic character in a bond. Consider a diatomic 
molecules say HCl. Suppose this molecule is completely 
ionic. Under this condition H'*' and Cl” ions would bear a 
imit charge equal to 4.8 x 10”^^ esu and the bond distance 
between H and Cl atoms = 1.27 A. 

Thus, theoretical value of p (considering molecule 
completely ionic) 

= 4.8 X 10““ X 1.27 X 10“® = 6.09 D 

Dipole moment of HCl is also determined experimentally. 
Let the experimental value be 1.03 D. 

Percentage of ionic character in H—Cl bond in HCl 
molecule 

Experimental value of u ^ i 03 

° ■jhterelicalvalueofH X™ =1:1 x 100 = 16.9 


General 

formula 

Molecular geometry 

Dipole moment 

Example 

AX 

Linear 

May be non-zero 

HF, HCl 

AX 2 

Linear 

Zero 

CO 2 /CS 2 


Bent or V-shape 

Non-zero 

H 20 , NO 2 

AXs 

Triangular planar 

Zero 

BF 3 


Pyramidal 

Non-zero 

NH 3 , rci 3 


T-shape 

Non-zero 

CIF 3 

AX 4 

Tetrahedral 

Zero 

CH 4 , CCI 4 


Square planar 

Zero 

XeF 4 


See-saw 

Non-zero 

SF 4 , TeCl 4 

AX 5 

Trigonal bipyramidal 

Zero 

PCI 5 


Square pyramidal 

Non-zero 

BrCls 

AXfe 

Octahedral 

Zero 

SFfi. 


Distorted octahedral 

Non-zero 

XeFfc 

AXy 

Pentagonal bip)ramidal 

Zero 

IF 7 


(iv) To distinguish cis and trans forms of geometrical 
isomers : Experimental values of dipole moment of the 
isomers {cis and trans) are determined. The trans isomer 
usually possesses either zero dipole moment or very low 
value in comparison to cis form. 

H—C—Cl H—C—Cl 


H—C—Cl 

Cis- 1,2-dichloroethene 
u = 1.9 D 


Cl—C—H 

T rans- 1,2-dichloroethene 


It should be noted that if two groups have opposite 
inductive character then trans isomer will have greater dipole 
moment of. 


H Cl 


Cl H 

II 

/^\ 

' ' TT 


M- Trans 


(v) To determine orientation in benzene ring : Dipole 
moment is useful to ascertain the orientation of substituents. 
The greater the dipole moment, the greater is the asymmetry. 
In general, dipole moment follows the order: 

Ortho > meta > para 


Thus, percentage of ionic character 

^Experimental value of dipole moment (v) To determine orientation in benzene ring : Dipole 

~ Theoretical value of dipole moment ^ moment is useful to ascertain the orientation of substituents, 

(iii) To determine geometry of molecules : The values The greater the dipole moment, the greater is the asymmetry, 

of dipole moments provide valuable information about the In general, dipole moment follows the order: 
structure of molecules. Ortho > meta > para 

(a) CO 2 / CS 2 molecules are linear as values of their dipole Cl Cl 

moments are zero. i^^Cl 

(b) H 2 O is not a linear molecule as it has dipole moment. Q Q Q 

Actually, it has V-shaped structure and the bond angle is 

105°. Similarly, SO 2 has a bent structure. Cl 

(c) In ammonia, three hydrogen atoms do not lie Ortho Meta Para 

symmetrically with respect to nitrogen as it has dipole ji-2.54D ji-l.48D ji-0 

moment. It has pyramidal structure. 

"•^In the symmetrical molecules having polar bonds, centre of positive and negative poles coincides leading to zero dipole moment 


Ortho 
^1 = 2.54 0 


Meta 
= 1.48 D 
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In ortho isomers, experimental value of dipole moment is 
found different from theoretical value of dipole moment. This 
difference is due to dipole-dipole interaction of two groups. 



^exp M^theo l^exp ^ l^theo Mexp ^ (^theo 

(No interaction (Repulsion) (Attraction due to H-bond) 

between two groups) (0 increases, p decreases) (0 decreases, p increases) 

(vi) Bond moment: The contribution of individual bond 
in the dipole moment of a polyatomic molecule is termed 
bond moment The measured dipole moment of water 
molecule is 1,85 D. This dipole moment is the vectorial sum 
of the individual bond moments of two O—bonds having 
bond angle 104.5^. 

Thus, pobs = 2po—H 52.25 

or 1.85 = 2|ia^H 0.6129 
= 1.51 D 
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21^ POLARISATION (CHANGE OF IONIC 
CHARACTER TO COVALENT 
CHARACTER) 

When two oppositely charged ions of unequal size approach 
each other closely (during formation of an electrovalent 
bond), the ion smaller in size attracts outermost electrons of 
the other ion and repel its nuclear charge. The net result is 
distortion or polarisation of the bigger ion. This distortion is 
usually done by the cation as its size is smaller than the 
anion. The electron cloud of anion no longer remains 
symmetrical but is elongated towards the cation. The ability 
of a cation to polarise the nearby anion is called its polarising 
power and the tendency of an anion to get distorted or 



(a) No polarisation (b) Polarised anion 


Fig. 2.6 Representation of Polarisation 


Conclusions 

(i) Dipole moment oc Electronegativity difference 
For example, HF > HCl > HBr > HI 

(ii) Dipole moment oc Number of lone pairs of electrons 
For example, HF > HaO > NH 3 

Fluorine has 3 lone pairs, oxygen has 2 lone paim 
and nitrogen has one lone pair. 

(iii) Dipole moment »= 1 /8 

For example, ortho > meta > para 


XXX 



X 

60° 120 ^ 180^ 


(iv) Homoatomic molecules and molecules having normal 
shapes such as linear, trigonal, tetrahedral possess 
zero dipole moment. 

For example, CI 2 , Na. O 2 , CO 2 , BCI 3 , CCI 4 , SiC^ 

(v) Molecules having distorted shapes like angular, 
pyramidal, sea-saw, etc, show dipole moments. 

For example, HaO, SO 2 , HaS, NH 3 , SF 4 

(vi) Dipole moment of a cis-alkene is more than trans- 
alkene. In frans-alkenes, it is zero due to similar 
groups (symmetry). 

It should be noted that if two groups have opposite 
inductive character, then trans isomer will have 
greater dipole moment. 


deformed or polarised by the cation is called its polarisabiHfy. 
Due to polarisation, sharing of electrons occur between two 
ions to some extent and the bond shows some covalent 
character. This is shown in Fig.2.6. 

The magnitude of polarisation depends upon a number 
of factors or the increased covalent character is favoured by 
a number of factors. These factors were suggested by Fajan 
and are known as Fajan's rules. 

(i) Charge on cation ; As the charge on the cation 
increases, its tendency to polarise the anion increases. This 
brings more and more covalent nature in the electrovalent 
compound. 

For example, in the case of NaCl, MgCl 2 and AICI 3 the 
polarisation increases, thereby covalent character becomes 
more and more as the charge on the cation increases. 


Cation 

Cation 

chaige 

Formula of 
the chloride 

Melting point of the 
chloride, ’^‘C 

Na^ 


NaCl 

800 Covalent 

Mg- 

4-2 

MgCl2 

712 character 

Al-^ 

4-3 

AICI3 

Sublimes increases 


Similarly, lead forms two chlorides PbQa and PbCl 4 
having charges +2 and +4 respectively. PbCl 4 shows covalent 
nature. 


In general, if a metal forms more than one halide, the 
halide having higher charge on the cation (f.^., higher 
oxidation state) is usually more covalent in nature in 
comparison to halide having a cation with lower charge, f.e., 
lower oxidation state or in other words, the melting point of 
the halide having higher oxidation state is less than the 
melting point of halide having lower oxidation state. 
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(ii) Size of the cation : Polamation of the anion in¬ 
creases as the size of the cation decreases, i.e., the electrovalent 
compounds having smaller cations show more of the 
covalent nature. For example, in the case of halides of 
alkaline earth metals, the covalent character decreases. 


Cation 

Radius of 
the cation A 

Formula of 
the chloride 

Melting point of the 
chloride, ®C 


0.31 

Beds 

405 4 




0.65 

MgCb 

712 

S § 

ti 


0.99 

CaCl2 

772 

> 1 22 

S'! 


1.13 

Sra2 

872 

u -S 

2 1 


1.35 

BaCb 

960 




Low melting point indicates more covalent nature. 

(lii) Size of anion i The larger the size of the anion, more 
easily it will polarised by the cation, i.e., as the size of the 
anion increases for a given cation, the covalent character 
increases. For example, in the case of halides of calcium, the 
covalent character increases from F"" anion to F anion. 


Cation 

Anion 

Anion size 

A 

Formula of 
the halide 

Melting point of the 
halide, ^C 

Ca^"" 

F“ 

cr 

Br“ 

r 

1.36 

1.81 

1.95 

2.16 

CaF2 

CaCl2 

CaBr2 

Cal2 

1932 

772 

730 

575 ’ 

Covalent 

character 

increases 

Melting point 
decreases 


Similarly, in the case of trihalides of aluminium, the 
covalent character incre^es with increase in size of halide 
anion. 


AIF 3 AICI 3 AlBrs Ms 

Covalent character increases as the size of the 
halide ion increases 

(iv) Configuration of cation : The cations with 18 
electrons in outermost shell bring greater polarisation of the 
anion than those with inert gas configuration even if both 
the cations have same size and same charge. For example, 
CuCl is more covalent than NaCL 

Cu-" Ion 2,8,18 Na-" 2,8 

Size 0.96 A 0.95 A 

Melting point CuCl, 442X NaCl, 800^C 

Cations having more of core electrons are more 
polarising and thus, favour covalency. 

In general, all those electrovalent compounds having high 
values of polarisation (more covalent character) are found to 
be less soluble in water but more soluble in organic solvents. 
The following examples support this view: 

(i) Sulphides are l^s soluble in water than oxides of the 
same metal. 

(ii) Lithium salts are soluble in organic solvents. 

(iii) Beryllium compounds are less soluble than corres¬ 
ponding other alkaline earth metal compounds. 

(iv) The solubility of aluminium halides decrease from 
AIF 3 to AII 3 . 


Points to Remember —wmi 

(i) On moving down a group, the polarising power of the 
cations goes on decreasing, 

(ii) Polarising power of the cations increase in moving left 
to right in a period. 

(Mi) The polarisabiMty of the anions by a given cation 
decreases in moving left to right in a period. 

(iv) The polarisability of the anions by a given cation 
increases moving down a group. 

(v) Increase of polarisation brings more of covalent 
character in an ionic compound. The increased covalent 
character is indicated by the decrease in melting point of the 
ionic compound. Examples: 

Polarisation increases-> 

Covalent character increases-> 


Melting point decreases-> 


(a) 

NaF < 

NaCl 

< NaBr 

< Nal 




(Size of anion increases) 

m.pt 

ec) 988 

801 

755 

651 

(b) 

CaF2 < 

CaCl2 

< CaBr2 

< Cal2 




(Size of anion increases) 

m.pt 

TO 1392 

772 

730 

575 

(c) 

BaCl2 < 

S 1 CI 2 

V 

u 

V 

MgCl2 < BeCl2 




(Size of cation decreases) 

m.pt 

fC) 960 

872 

772 

712 405 

(d) 

NaCl < 

Mga2 < AlQs 





(Charge on the cation inareases) 

m.pt. 

TO 801 

712 

sublimes 


(e) 

LiCl < 

BeCl2 

CO 

V 

< CC4 


(Size of the cation decreases) 


if) GeCli < GeCl4; SnCl2 < SnCU; PbCl2< PbCU 

(g) HP < H2O < NH3 < CH4 

(h) HF < HCl < HBr < HI 

(i) NaCl < CuCl; Nal < Agl 

2,^ HYDROGEN BONDING 

In 1920, Latimer and Rodebush introduced the idea of 
"hydrogen bond" to explain the nature of association in 
Mqtiid state of substances like water, hydrogen fluoride, 
ammonia, formic acid, etc. In a hydrogen compound, when 
hydrogen is bonded to highly electronegative atom (such as 
F, O, N) by a covalent bond, the electron pair is attracted 
towards electronegative atom so strongly that a dipole 
results, f.e., one end carries a positive charge (H-end) and 
other end carries a negative charge (X-end). 

5.5+ 5. 5+ 

X:H or X- 

^ / 

Electronegative atom 
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If a number of such molecules are brought nearer to each 
other, the positive end of one molecule and negative end of 
the other molecule will attract each other and weak 
electrostatic force will develop. Thus, these molecules will 
associate together to form a cluster of molecules. 

5_ 6., 5_ 5+ 5_ 6^ 5_ 5+ 6_ 6+ 

X—H- - - X—H - - - X—H - - - X—H - - - X—H 

The attractive force that binds hydrogen atom of one 
molecule with electronegative atom of the other molecule of 
the same or different substance is known as hydrogen 
bond. This bond is represented by 3 dotted line. 

Hydrogen bonding is of two types. 

(a) Intermolecular hydrogen bonding : This type of 
bonding results between the positive and negative ends of 
different molecules of the same or different substances. 
Examples 8. 

(i) Hydrofluoric acid: 


F F F 



F F F F 


(ii) Ammonia: 


5+ 

H 


5+ 

H 


8 + 

H 


5+ 

H 


5 + 

H 


5+ 


—N—H—N—H — N—H — N—H—N—H — 


H 

5+ 


H 

5+ 


H 

5+ 


H 

S+ 


H 

84- 


(iii) Water: 

5+ 8+ 6+ 8+ 

H H H H 

8J I I I 64 

— O—H — O—H — O—H — O—H — 


(iv) Formic acid: 


160 pm 


H-Gl 7C-H 


(v) p-chlorophenol: 


100 pm 



This type of hydrogen bonding increases the boiling point 
of the compound and also its solubility in water. The increase 
in boiling point is due to association of several molecules of 
the compound. 


Intermolecular hydrogen bond is also responsible for 
increase in the viscosity. Greater is the extent of hydrogen 
bonding more is the viscosity. 

CH2OH 
CH2OH I 

CH 3 GH 2 —OH I CHOH 

CH 2 GH 1 

T1 = 1.2 C.P. C.P, CH 2 OH 

T1 = 1070 C.P. 


C.P. stands for centipoise. 

(b) Intramolecular hydmgen bonding : This type of 
bonding results between hydrogen and an electronegative 
element both present in the ^me molecule. This type of 
bonding is generally present in organic compounds. 
Examples are o-chlorophenol, o-nitrophenob o-hydroxy 
benzoic acid, etc. 


I 


0 “Ghlorophenol 



0 “Nitrophenol o-Hydroxy benzoic acid 


This type of bonding decreases the boiling point of the 
compound. The solubility of the compound also decreases, 

■ Nature and Importance of Hydrogen Bond 

(i) Hydrogen bond is merely an electrostatic force rather 
than a chemical bond. 

(ii) Hydrogen bond never involves more than two atoms. 

(iii) Bond energy of hydrogen bond is in the range of 3 to 
10 kcal/mole (10 to 40 kj per mole), i.e., about 1/10 the energy 
of a covalent bond (streng^ 50-100 kcal moF^). 

(iv) With the increase of electronegativity and decrease in 
size of the atom to which hydrogen is covalently linked, the 
strength of the hydrogen bond increases. It is evident from 
the energies of hydrogen bonds in the three elements. 

H--0---H> H——H 

10 kcal moPb 7 kcal moF^ 2 kcal moF^ 


Energy of some hydrc^en bonds in neutral molmiles are 
tabulated below: 


Bond 

Average bond energy kJ moF^ 


4045 


23-25 

O—O 

20-30 


15-20 

o 

k 

i 

i 

1 

12-15 


12-25 


20-25 



Chemical Bonding 

(v) All the three atoms in X—H-X lie in the straight 

line. 

Without hydrogen bonding water would have existed as 
a gas like hydrogen sulphide. In that case, no life would have 
been possible on this earth. Hydrogen bonding exists in 
molecules of living organisms. It exists in various tissues, 
blood, skin, bones, etc. The cotton, silk or synthetic fibres 
possess rigidity and tensile strength due to hydrogen 
bonding. The stickiness of glue or honey is also due to 
hydrogen bonding. Thus, hydrogen bonding has great 
importance in everyday life. 

■ Properties Explained by Hydrogen Bonding 

(a) High boiling and melting points of NH 3 , H 2 O and HF 
in comparison to hydrides of other elements of V, VI and VII 
groups to which N,0 and F belong, respectively, are due to 
hydrogen bonding. H 2 O exists in liquid state under ordinary 
condition while H 2 S in gaseous state as hydrogen bonding 
exists in water and no hydrogen bonding exists in H 2 S. 

(b) Unique properties of water and ice are due to hydrogen 
bonding. Density of ice is less than water and water 
contracts when heated betw^n O^C to 4^G. These two unique 
properties are on account of open cage structure of ice due 
to hydrogen bonding. 

(c) Strength of certain acids and bases can be explained 
on the basis of hydrogen bonding. 

(d) Solubility : A substance is said to be insoluble in 
water if it does not form hydrogen bonding with water. The 
organic compound like alkanes, alkenes, ethers, etc., are 
insoluble in water as they do not form hydrogen bonding 
with water, while alcohols and acids are soluble because they 
readily form hydrogen bonds with water. 

Note ; Chlorine has the same electronegativity as nihogen but 
does not form strong hydrogen bonds. This is because 
of the larger size than that of nitrogen with the result 
that its electrostatic attractions are weak. 

MODERN CONCEPT OF 
"covalent BOND 

The Lewis or octet concept does not explain the following 
points: 

(i) The cause of covalent bond formation. 

(ii) Nature of the forces operating between the atoms 
forming a covalent bond. 

(iii) Why different amounts of energies released during the 
formation of different molecules. 

(iv) Shape and geometry of molecules. 

(v) Why the molecules are stable in which central atoms 

have eidier less than 8 electrons dr more than 8 electrons in 
the outermost shell. • 


To explain the above limitations, the following two theories 
based on quantum mechanics have been proposed. 

(a) The valence bond theory and 

(b) Molecular orbital theory. 

The valence bond theory : This theory was presented 
by Heitler and London, in 1927, to explain how a covalent 
bond is formed. This theory was extended by Pauling and 
Slater, in 1931. The main points of the theory are: 

(i) A covalent bond is formed by overlapping of atomic 
orbitals of valency shell of the two atoms*. 

(ii) Only half filled atomic orbitals, ie,, orbitals singly 
occupied can enter into overlapping process. The resulting 
bond acquires a pair of electrons with opposite spins. 

(iii) The atoms with half filled orbitals must come closer 
to one another with their axes in proper directions for 
overlapping. 

(iv) As a result of overlapping, there is maximum electron 
density somewhere between the two atoms. A large part of 
bonding force comes into existence from the electrostatic 
attraction between the nuclei and the accumulated eleztron 
cloud between them. 

(v) Greater the overlapping, higher is the strength of the 
chemical bond. The amount pf energy released per mole 
during overlapping is termed bond energy. This energy 
stabilises the system. Hence, the molecule formed has less 
energy and consequently more stability than the isolated 
atoms. 

(vi) Electrons which are already paired in valency shell 
can enter into bond formation if they can be unpaired first 
and shifted to vacant orbitals of slightly higher energy of the 
same main energy shell (valency shell). This point explains 
the trivalency of boron, tetravalency of carbon, pentavalency 
of phosphorus, hexavalency of sulphur and heptavalency of 
halogens (Cl, Br, I) inspite of the fact that these atoms have 
paired orbital or orbitals in the valency shell. 


2 s 2p \ 2s 2p 



*Only symmetrical overlap bring out the covalent bond formation, e.g., 

GXiDiO GXHSxS 


Symmetrical 


Svmmetrical 


Asymmetrical 
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(vii) Between two orbitals of the same stability (t.e., having 
same energy) one more directionally concentrated would 
form a stronger bond. Dumb-bell shaped p-orbitals will 
form stronger bond as compared to spherically symmetrical 
s-orbital. It is formed by head on or axial overlap. 

(viii) Two t 3 rpes of bonds are formed on account of 
overlapping. These are (a) Sigma ( 0 ) and (b) Pi (ir) bonds. 

1 (a) Sigma (0) Bond 

A bond formed betw^n two atoms by the overlap of singly 
occupied orbitals along their axes (end to end overlap) is 
called sigma (a) bond. In such a bond formation, maximum 
overlap is possible between electron clouds and hence, it is 
a strong bond. Electron cloud of this bond is symmetrical 
about the line joining the two nuclei of the two atoms. Sigma 
bond can, thus, be defined as: 

"Bond orbital which is symmetrical about the line 
joining the two nuclei is known as sigma bond." It is formed 
by head on or axial overlap. 

Sigma bonds are formed by three types of overlapping: 

(i) s-s overlapping (Formation of hydrogen molecule) : 
Each hydrogai atom has one ela:tron in Is-orbital which is 
spherical Is-orbital of both the hydrogen atoms approach 
each other closely and when they reach a point of maximum 
attraction by the two nuclei, they overlap and form a sigma 
bond. 




O O (^-Moleoul 


lar axis 


(b) Formation of water molecule; Oxygen atom has the 
configuration of valency shell 2p^ pyi ie., it tes two 
orbitals singly occupied. These two orbitals overlap with Is- 
orbital of two hydrogen atoms forming sigma bonds. 



Since the two orbitals of oxygen are at right angle to each 
other an angle of 90° is expected between two sigma bonds 
but actual bond angle observed is 104.5°. 

(c) Formation of ammonia molecule: Nitrogen atom has 
the configuration of valency shell 2 s^ 2px^ 2p^^ 2pz^, three 
singly occupied orbitals are pre^nt. These orbitals overlap 
with Is-orbitals of three hydrogen atoms forming three sigma 
bonds. 




Rg. 2.10 Formation of NH 3 molecule by s-p overlapping 


Fig. 2.7 Formation of H 2 moleoile by s-s overlapping 


The bond has two electrons which have opposite spins. 
The probability of finding these electrons is maximum in the 
r^ion between the two nuclei on the molecular axis. The 
electron density of the bond is distributed symmetrically 
about the molecular axis. 

(ii) s-p overlapping (Formatton of HF, H 2 O, NH 3 
molecules) : 

(a) Formation of HF molecule : In the formation of HF 
molecule the Is-orbital of hydrogen overlaps with the p- 
orbital of fluorine containing unpaired electron. 


Is. 


t 


Hydrogen atom 



Fluorine atom 


Fig. 2.8 Formation of HF molecule by s-p overlapping 


Since the three orbitals of nitrogen are at right angle to 
each other, the expected angle between two sigma bonds 
should be 90 but actual bond angle ol^erved is 107° ' 

(iii) p-p overlapping (Formation of fluorine molecule): 
This is illustrated by the formation of fluorine molecule. The 
electronic configuration of fluorine atom is 2^2p^ 2p^ 
2p}, le., one orbital is singly occupied. When p-orbitals of 
two fluorine atoms approach each other with their heads 
directly towards one another, they overlap and form a sigma 
bond. 




Head on 


C><3E>0-^ 

p-p overlap 


uM.O. 


Fig. 2.11 Formation of F 2 molecule by p-p overlapping 


Note : Strongness of overlapping follows the following order : 
p-p > s-p > ss 
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w (b) Pi (ji) Bond 

7C“bonds are formed by the sidewise or lateral overlapping 
of p“Orbitals. The overlapping takes place at the side of two 
lobes and hence, the extent of overlapping is relatively 
smaller. Thus, 7i-bond is a weaker bond in comparison to 
sigma bond. The molecular orbital is oriented above and 
below the plane containing nuclear axis. 



p p p-p overlapping n M.O. 

Fig. 2.12 Formation of jt-bond 


Formation of oxygen molecule : Oxygen atom has two 
p-orbitals singly occupied in the valency shell. When two 
oxygen atoms approach each other, one set of p-orbitals 
experiences head on overlap forming a sigma bond while 
other set of p-orbitals ovarlaps sidewise to form a 7E-bond. 
Thus, oxygen molecule has one 0- and one rr-bond. 


7c-bond 


2 s 2p,->'pO'rer@^>^2p 2s 


mm 

Px Py'^ 
Oxygen atom 


(Head on) 
jj -bond^ 


mm 


'pt-Vy Px 
/^■pB^eriap Oxygen atom 
Sidewise 


(sidewise) 



^ ^^ overlap 

aM.'6?^==p 

Head on j 

overlap teM.O. 



Fig. 2.13 Formation of O 2 molecule 

Similarly, the formation of nitrogen molecule can be 
explained. It has one sigma bond and two TC-bonds. 


COMPARISON OF SIGMA (0) AND PI (tc) BOND 


Sigma bond 


Pi 


1. The bond is formed by the 
overlap of orbitals along their 
axes (end to end overlap). It 
includes s-s, s-p and p-p 
overlapping. 

2. It is a strong bond. 

3. Electron cloud is S 3 munetrical 
about the line joining the two 
nuclei. 


The bond is formed by sidewise 
overlapping of orbitals (lateral 
overlapping). It includes p-p 
overlapping. - 

It is a weak bond. 

Electron cloud is unsymmetrical. 


4. There can be free rotation of 
atoms around this bond. 

5. These are less reactive. 


Free rotation is not possible around 
this bond. 

These are more reactive. 


6. The shape of the molecule is 
determined by these bonds. 

7. o-electrons are referred as 
localized, 

8. G-bond can have independent 
existence. 


These bonds do not affect the 
shape of the molecule. 

7C-electrons are referred as mobile 
electrons, 

K-bond always exists along with a 
G-bond. 


All single bonds are sigma bonds. A double bond consists 
of one sigma and one 7C-bond while a triple bond consists of 
one sigma and two K-bonds. 

(i) Bond energy increases from a single bond to a triple 
bond. 

Bond energy : Single bond < Double bond < Triple bond 

(ii) Bond strength increases from a single bond to a triple 
bond. 

Bond strength: Single bond < Double bond < Triple bond 

(iii) Bond length of a multiple bond (double or triple) is 
always shorter than the corresponding single bond. 

. Bond length : Single bond > Double bond > Triple bond 

(iv) Reactivity of a multiple bond is always more than the 
single bond. This is due to the fact that ir-electrons are mobile 
in nature. 

Reactivity : Single bond < Double bond < Triple bond. 

2.2l| HYBRIDIZATION 

The valence bond theory (overlapping concept) explains 
satisfactorily the formation of various molecules but it fails 
to accoimt the geometry and shapes of various molecules. 1 - 
does not give explanation why BeCl 2 is linear, BF 3 is planar 
CH 4 is tetrahedral, NH 3 is pyramidal and water is V-shape<. 
molecule. In order to explain these cases, the valence bone 
theory has been supplemented by the concept of hybridi¬ 
zation. This is a h)^othetical concept and has been 
introduced by Paxiling and Slater. According to this concept 
any number of atomic orbitals of an atom which differ in 
energy slightly may mix with each other to form new orbitals 
caUed hybrid orbitals. The process of mixing or 
amalgamation of atomic orbitals of nearly same energy to 
produce a set of entirely new orbitals of equivalent energy is 
known as hybridization. The following are the rules of 
hybridization: 

(i) Only orbitals (atomic) of nearly same energy belonging 
to same atom or ion can take part in hybridization. 

(ii) Number of the hybrid orbitals formed is always equal 
to. number of atomic orbitals which have taken part in the 
process of hybridization. 

(iii) Most of the hybrid orbitals are similar but they are 
not necessarily identical in shape. They may differ from one 
another in orientation in space, 

(iv) Actually the orbitals which undergo hybridization and 
not the electrons. For example, for orbitals of nitrogen atom 
( 2 s^ 2px^2py^2pz^) belonging to valency shell when hybridize, 
form four hybrid orbitals,one of which has two electrons (as 
before) and other three have one electron each. 
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No. of atomic f h b *d 

orbitals involved . ^ ^ Shape of molecules Bond angles Examples 

. ^ , hybridization orbitals ^ ^ 

in hybridization 


2 

3 


4 


sp 

(s + p) 

2 

Linear 

I 

1 

0 

00 

BeCb/ BeF 2 

sp^ 

(s + p + p) 

3 

Plane .triangular 

i 

f\ 

\ 

120 ° 

BF 3 , BCI 3 

sp^ 

(s + p + p + p) 

4 

Tetrahedral 


1 

109° 28' 

CH4, ecu 


dsp^ 

4 one'^ ' + one 

's' + two 'f 



dsj? or sp^d 
one 's' + three 'p' 
+ one d (d^^) 


d^sp^ or sp^S 

6 one 's' + three 'p'‘ + 

two 'd' (d/^/4z^) 


(fsp^ or sp^iP 

7 one 's' + three 'p' + 

three d (4xy/dyzfdz!4 


4 


^uaie planar 



90“ [Ni(CN) 4 f“ IPCy^' 


5 Trigonal bipyramid 



120 ^ and 90^ 


PCI5 



7 


Pentagonal bipyramid 



72^ and 90^ 


SF 6 


IF 7 


(v) The electron waves in hybrid orbitals repel each other 
and this tend to the farthest apart. 

(vi) Hybrid orbitals form only sigma bonds. A hybrid bond 
is always stronger than a non-hybrid bond. Hybridization 
increases stability and decreases reactivity and energy of the 
molecule. 

(vii) Depending on the number and nature of orbitals 
undergoing hybridization, various types of hybrid orbitals 
directing towards the corners of specified geometrical 
figures come into existence. The molecule has a regular 
geometry if all the hybrid orbitals after overlapping contain 
shared pair of electrons, ie., there are no orbitals containing 
lone pairs in the valency shell. If, however, the central atom 
is surrounded by one or more orbitals containing lone pairs 
of electrons in the valency shell, the geometry of the molecule 
is distorted to some extent. Thus, the presence of one or more 
orbitals with lone pairs affect the bond angle to some extent 
due to repulsion between lone pair (pairs) with bonded pair 


(pairs). This type of observation has been made, for example, 
in the molecules of ammonia and water. The following table 
shows the type of hybridization and the geometry of the 
molecules containing only bond pairs of electrons. 

m Some Typical Cases of Hybridization 

(i) BeF 2 molecule : Berylliiun atom has the config¬ 
uration Is , 2s^. Since there are no unpaired electrons in the 
valency shell, it cannot form any covalent bond. Thus, 
2 s-orbital is first impaired and an electron is shifted to 
2 p-orbitaL 

2 s 


$p hybridization 


Ground state of Be atom 
Excited state of Be atom 


Ti 


2p 






t 
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Now, there is hybridization between one s- and one 
p-orbital. Two orbitals (hybrid) of same shape and energy 
come into existence. These overlap with p-'Orbital (singly 
occupied) each of the two fluorine atoms forming two 
sigma bonds. The molecule formed is linear with a bond 
angle 180®. 



Hybrid orbitals 



Fig. 2.14 Formation of BeFa molecule 
(ii) BFj molecule: Boron atom has configuration ls^, 2s^ 
2p . In ground state, it has one unpaired orbital which can 



F 



Fig. 2.15 Formation of BF 3 molecule 


only form orJy one covalent bond. To get trivalency, the 
2 s~orbital is unpaired and the electron is shifted to 2 p-orbitaL 
Now in excited state the three unpaired orbitals imdergo 
hybridization giving rise to three hybrid orbitals which are 
120® apart. The three hybrid orbitals overlap with three 
p~orbitals from three fluorine atoms forming three sigma 
bonds. The molecule formed is triangular and planar. 

2 s 2p 


Boron atom in ground state Is , 2s^ Ipx 


Boron atom in excited state Is^, 2s^ 


Ti 


T 





t 


0 

0 

□ 


$ 1 ^ hybridization 


(iij) CH 4 molecule: Carbon atom has configuration Is^, 
2s^ 2px^2py^, In ground state, it has two impaired orbitals 
which can form only two covalent bonds. To get tetra- 
valency, 2 s-orbital is unpaired and the electron is shifts to 
2p-orbital. Now in excited state the four unpaired orbitals 
undergo hybridization giving rise to four hybrid orbitals 
which are 109®28' apart. The four hybrid orbitals overlap 
with s-orbital of each of the four hydrogen atoms forming four 
sigma bonds. The molecule formed is tetrahedral. 


Carbon atom m ground state 
Carbon atom in excited state 


2 s 


2 p 


ti 


t 

t 

□ 





t 


t 

[I 



sp^ hybridization 




Fig. 2.16 Formation of CH 4 molecule 

(iv) PCI5 molecule: P-atom has configuration Is , 2s 2p , 
3s^3p;^l 3py^ 3pz^. In ground state, it can form three covalent 
bonds as three unpaired orbitals are present in the valency 


Cl 



Fig. 2.17 Trigonal bipyramid 

shell. To get pentavalency, 3s-orbital is unpaired and the 
elaztron is shifted to Sdorbital. Now, in the excited state the 
five orbitals involving one s-, one d- and three p~orbitals 
imdergo hybridization giving birth to five hybrid orbitals 
which overlap with five chlorine atoms forming five sigma 
bonds. Out of five 0 -bonds, three bonds which are located at 
120 ® angle are equitorial and the remaining two are axial 
Axial bond length is greater. 


Ground state of P-atom 


Excited state of P-atom 


sp^d hybridization 

(v) SFe Molecule: 


Ground state of S-atom 


Excited state of S-atom 


3s- and paired 3p-orbital are unpaired and electrons are 
shifted to d-orbitals. After hybridization six hybrid orbitals 
directed towards the comers of a regular octahedron come 


3s 3p 3d 


Ti 


Ti 

T 









T 


t 

T 

T 

T 

T 

_ 


r 


sp^S" hybridri^tion 


3s 


3p 


3d 


ti 


t t t 
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into existence which overlap with six fluorine atoms. The 
SF^ molecule has octahedral structure. 


F 



F 


Fig. 2.18 


m Geometry of Some Molecules 
Containing Lone Pairs of Electrons 

a 

(i) NH 3 molecu : Nitrogen atom undergoes sp 
hybridization forming four hybrid orbitals. Three of the 
hybrid orbitals contain one electron each while the fourth 

2 s 2p 

Ground state of N-atom 

sp^ hybridization 



Hybrid orbitals of N Overlapping with Ammonia 
hydrogen atoms 

Fig. 2.19 


one has a pair of electrons. Three hybrid orbitals having one 
electron each overlap with three hydrogen atoms forhaing 
three sigma bonds while the lone pair of fourth hybrid orbital 
remains unused. 

The expected bond angle should be 109°28' but the actual 
bond angle is 106°45' because of the repulsion between lone 
pair and bonded pairs due to which contraction occurs. Thus, 
ammonia molecule is pyramidal in shape. 

(ii) Water molecule : Oxygen atom undergoes sp^ 
hybridization forming four hybrid orbitals. Two of the 
hybrid orbitals contain one electron each while other two a 
pair of electrons each. The hybrid orbitals having one 
electron each overlap with hydrogen atoms forming two 
sigma bonds while the lone pairs of the other hybrid orbitals 
remain unused. 



Ground state of O-atom 

sp^ hybridization 


H 

Hybrid orbitals of O Overlapping with Water molecule 
hydrogen atoms (V-shaped) 

Fig. 2.20 

The expected bond angle is 109°28' but the actual bond 
angle is 104°35'. This is due to the presence of two lone pairs 
which repel each other and the bonded pairs more strongly 
and cause them to come closer and thereby reducing the bond 
angle from 109°28' to 104°35'. Similarly, the geometry of PH 3 , 
PCI 3 , NF 3 , H 2 S, etc., can be explained. It is clear from the 
above two structures that higher the number of lone pairs 
present on a central atom, the greater is the contraction 
caused in the bond angle. The bond angle is also decreased' 
as the size of the central atom increases. The bond angle in 
PH 3 is 93°20'. 

a Geometry of Molecules Involving 
Sigma (g) and Pi (tc) Bonds 

It is observed that it is not necessary to involve all the 
orbitals present in the valency shell of the atom in the process 
of hybridization. The following two examples illustrate this 
fact; 

(i) Ethylene molecule "(C 2 H 4 ) : Ethylene molecule is 
formed as a result of sp^ hybridization of carbon. Each 
carbon atom in excited state undergo sp^ hybridization giving 
rise to three hybrid orbitals each.These hybrid orbitals lie in 
the xy plane whUe the fourth unhybridized orbital lies at 
right angle to the hybridized orbitals. In the formation of 
ethylene two hybrid orbitals, ie., one from each carbon atom 
form a sigma bond by h^ad on overlap while the remaining 
overlap with hydrogen atoms. The unhybridized p-orbitals 
undergo sidewise overlap to form a TC-bond. 

2 s 2p . 

Ground state of carbon atom 

Excited state of carbon atom 

sp^ hybridization 




2p 

til T I t 
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Fig. 2.21 Formation of Ethylene molecule 


The molecule of ethylene is planar one: 

(ii) Acetylene molecule (C 2 H 2 ): Acetylene molecule is 
formed as a result of sp hybridization of carbon. Each carbon 
atom in excited state undergoes sp hybridization giving rise 
to two hybrid orbitals each. Each carbon atom is left with 
two unhybridized p-orbitals. 


2s 2p 


Ground state of carbon atom 
Excited state of carton atom 


n 


t 

T 






■r 


t 

E 

T 


sp hybridization 


The two hybrid orbitals of each carbon atom are used up 
in forming C—C and —H sigma bonds. The unhybridized 
orbitals overlap sidewise to form two n-bonds. 



H-C=C—H 


F!g. 2.22 Formation of acetylene molecule 
Acetylene has linear structure. 

2.2^ RESONANCE 

It is generally observed that a single valence bond structure 
of a molecule cannot correctly account for the properties of 
the molecule. In such cases, the concept of resonance is 
introduced. According to this concept if two or more 
alternate valence bond structures can be written for a 
molecule, the actual structure is said to be a resonance or 
mesomeric hybrid of all these alternate structures. For 
example, carbon dioxide molecule can be represented by the 
following three structures: 


0=C=0 <-> 

T n ffl 

The calculated values of bond distances between carbon 
an(i oxygen in C=0 and are 1.22 A and 1.10 A , 

respectively but the observed bond distance betw^n carbon 


and oxygen in carbon dioxide is 1.15 A. Thus, none of the 
above structures correctly explains the observed bond length. 
It is, thus, said that a hybrid form of these structures can 
provide the exact explanation. The various structures of 
which the molecule is a resonance hybrid are known as 
canonical forms or mesomeric forms. Actually resonance 
hybrid does not oscillate between the canonical forms of a 
mixture of these forms but it is a definite form and has a 
definite structure which cannot be written on paper. 

m Rules for Selecting Canonical Forms or 
Mesomeric Forms: 

(i) The relative position of all the atoms in each of the 
canonical forms must be the same. They should differ only 
in the position of electrons. 

(ii) The number of unpaired and paired electrons in each 
of the canonical forms must be same. 

(iii) The contributing structures should not differ much in 
energy. 

(iv) The contributing structures should be such that 
negative charge resides on more electronegative and positive 
charge on the electropositive. Like charges should not reside 
on atoms close together in the canonical forms. 

Formal charges on the atoms in the molecule help us in 
choosing the most appropriate r^onance structure. For 
example, nitrous oxide molecide is represented by two 
resonance electron dot structures, one of which has a 
negative formal charge on the oxygen atom and the other of 
which has a negative charge on the terminal nitrogen atom. 

+ •*— —+ •« 

:n=n— o: <-> n=n = o 

■ • * • • • 

Since oxygen is a more electronegative element than 
nitrogen, the structure that places a negative formal charge 
on oxygen is probably lower in energy than the structure that 
has a negative formal charge on nitrogen. 

Thus, the actual structure of NoO is IN=N —O I 

^ * • 

(v) As a result of resonance, the bond order changes in 
many molecules or ions. 

Total number of bonds between two 

^ , atoms in all the structures 

Bond order = - 

Total number of resonating structures 



B.O.= ^±|±^-1.33 
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m Resonance Energy 


(vi)N 03 ion: 


It has been observed ttiat the molecule which shows 
resonance has greater heat of formation than the calculated 
heat of formation of any one of canonical forms. The difference 
is represented by AE and its called resonance energy. 


^Experimental value ^ 
^of heat of formation^ 


Calculated value of heat 
of formation of most 
stable canonical form 


V / 

On accoimt of AE, the hybrid form is more stable than any 
of the canonical forms. 


Energy difference between most stable resonating structure 
and resonance^hybrid structure is cailed resonance energy. 


m Some Examples Showing Resonance 

(i) Nitric oxide molecule : It is a resonance hybrid of 
following two structures: 


xN=o: —^ ^ N“=o:+ 


(ii) Nitrogen dioxide molecule: It is a resonance hybrid 
of the following structures: 


0 

1 


0 

II 


0 

t 

/N 

0 0 

<-> 

0 0 

< - > 

/% 
0 0 


2.30 PREDICTION OF GEOMETRY (SHAPE) 
OF COVALENT MOLECULES 

Geometry of a molecule or ion can be predicted if the state 
of hybridization at central atom is Itaown. The ty|^ of 
hybridization can be known by the foEowing methods: 

First Method: The state of hybridization at central atom 
in a molecule can be known by counting the number of 
orbitals involved in co-axial overlappings and the number 
of orbitals with lone parr of electrons, f.e., by counting the 
number of a-bonds and the number of lone pair of electrons 
at central atom. Adding the two, if the total is 4, the 
hybridization is If this total is 3, the hybridization is sp^ 
and if this total is 2, the hybridization is $p, 

A few examples are being given below: 

(a) Beryllium chloride (BeQ 2 ) 

No. of 0“bonds at Be atom = 2 


N N 



•• •• •* •• 



X X 

N 

X X 

N 




• 

# 

0: 0: 

• • • . 

:o :o: 

• • • ' 

(iii) Carbonate ion : 

It is the resonance hybrid of the 

foEowing forms: 



0 

il 

O" 

1 

O" 

1 

ii 

c <- 

+ c +— 

1 

c 

0 0 

/\ 

0 X)“ 

"O 0 


(iv) Ozone: 

/\ — 

<v) SO 2 molecule; 


No. of lone pair of dectrons at Be atom = 0 

Total = 2 + 0 = 2 

Hybridization is sp, i.e., BeCl 2 is linear and bond angle is 
180°. 

(b) Boron trichloride (BCI 3 ) 

No. of o-bonds at B atom = 3 
No. of lone pair of electrons at B atom = 0 

Total = 3 

Hybridization is sp^, i.e., BCI 3 is trigonal planar and bond 
angles are 120 ° each. 

(c) Carbon tetrachloride (CG 4 ) 

No. of o-bonds at C atom = 4 
No. of lone pair of electrons at C atom = 0 

Total = 4 

Hybridization is sp^, i.e., CCI 4 is tetrahedral and bond 
angles are 109°28' each. 

(d) Ammonia (NH 3 ) 

No. of o^bonds at N atom = 3 
No. of lone pair of electrons at N atom = 1 

Total =3 + 1 




• • 


/\ 


= 4 

Hybridization is sp^. 

Shape is trigonal p 5 Tamidal (not tetrahedral) and bond 
angles are not 109°28' but 106°45'. 
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(e) Water (H 2 O) 

No. of o-bonds at O atom = 2 
No. of lone pair of electrons at O atom = 2 

Total =2 + 2 = 4 

Hybridization is sp . 

Shape is angular or V-shape (not tetrahedral) and bond 
angle is not 109°28' but 104°35'. 

Second Method: Number of electron pairs in the valency 
shell of the central atom can be determined by applying the 
following formula: 

For neutral molecules : 

No. of electron pairs 

1 

= No. of atoms bonded to it +-y [Group number 

of central atom - Valency of the central atom] 
No. of electron pairs at the central atom in CH 4 

= 4 +-^[4 - 4] = 4 (sp hybridization) 
No. of electron pairs'at the central atom in PCI 5 

= 5 +-^[5 - 5] = 5 (sp d hybridization) 
No. of electron pairs at the central atom in SF^ 

= 6 +-^[6 - 6] = 6 (sp^d^ hybridization) 
No. of electron pairs at the central atom in BF 3 

= 3 +“~[3 - 3] = 3 (sp^ hybridization) 
No. of electron pairs at the central atom in H 2 O 

2 +-^[6 “ 2] = 4 (sp^ hybridization) 

For ions : 

No. of electron pairs = No. of atoms bonded to it 
1 

+-^[Group number of central atom - Valency of the 
central atom ± No. of electrons] 
No. of electron pairs in NH 4 

= 4 +-”[5 - 4 - 1] = 4 (sp^ hybridization) 
2 _ 

No. of electron pairs in SO 4 

= 4 +-~[6 - 8 + 2] = 4 (sp^ hybridization) 
No. of electron pairs in BF 4 

= 4 +-^[3 - 4 + 1] = 4 (sp^ hybridization) 


No. of 

electron pairs 

Geometrical 

figure 

Examples 

2 

Linear 

BeCb, CO2, ZnCb 

3 

Triangular Planar 

BCls/SOa, COl 

4 

Tetrahedral 

CH4, H2O, NH3 

5 

Trigonal bipyramid 

PFs, CIF3, SF4 

6 

Octahedral 

SFe, IF5, SiF|- 


Third Method : The number of orbitals involved in 
hybridization can be determined by the application of the 
following formula: 

H = +y [V + M - C + A] 

where H = number of orbitals involved in hybridization 
V = valence electrons of central atom 
M = number of monovalent atoms linked with 
central atom 

C = charge on the cation 
A = charge on the anion 

From the value of H, the type of hybridization can be 
predicted. 

Value of H 2 3 4 5 6 7 

2 3 3 3 2 3 

Hybridization sp sp sp sp d sp d sp d 

Type 1, Neutral molecules : 

(i) CO 2 : V=4,M = 0,C = 0, A = 0 

H = -^ [4 + 0 - 0 + 0] = 2, sp hybridization 

(ii) SO 2 or V = 6, M = 0, C = 0, A = 0 

SO 3 : H = -^ [6 + 0 - 0 + 0] = 3, sp^ hybridization 

(iii) BCI 3 :V=3,M = 3,C = 0,A = 0 

H = -^ [3 + 3 - 0 + 0] = 3, sp^ hybridization 

(iv) SiCU : V = 4, M = 4, C = 0, A = 0 

H = [4 + 4 - 0 + 0] - 4, sp^ hybridization 

(v) CIF 3 : V=7,M = 3,C = 0,A = 0 

H = -^ [7+ 3- 0 + 0] =5, sp^d hybridization 

(vi) XeF 4 : V= 8 ,M = 4,C = 0,A = 0 

H=-^ [ 8 + 4- 0 + 0] = 6 , sp^d^ hybridization 

Type 2. When the species is a cation ; 

(i) NHt : V = 5, M = 4, C = 1, A = 0 

H = y[5 + 4- l + 0] 

= 4 , sp hybridization 

(ii) CHj: V=4,M = 3,C = 1,A = 0 

H = y[4 + 3- l + 0] 

= 3 , sp hybridization 

(iii) NOl: V=5,M = 0,C = 1 ,A = 0 

H = -i[5 + 0- l + 0] 

= 2 , sp hybridization 

Type 3. When the species is an anion ; 

(i) COj -: V = 4, M = 0, C = 0, A = 2 
H = y[4 + 0- 0 + 2] 

= 3, sp hybridization 
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(ii) SO|‘: ,y = 6, M = 0, C = 0, A = 2 

H = I [6 + 0 - 0 + 2] = 4, sp^ hybridi 2 ation 

(iii) ICli: V = 7,M = 4,C = 0,A = 1 

H = ^[7 + 4- 0 +1] = 6, sp^(f hybridization 

2.31^ VALENCE SHELL ELECTRON PAIR 
" REPULSION (VSEPR) THEORY 

Lewis-Langmuir concept of covalent bonding is unable to 
explain the shapes of the covalent molecules. In case of 
covalent molecules having three or more atoms, one of the 
aiotm acts as a central atom and rest of the atoms are linked 
to it in ddRnite directions in spac€. This definite arrangement 
of the bonded atoms with the central atom in a molecule is 
known as shape or geometry of the molecule. 

The first simple theory that was put forward to predict 
the ^ometry or shape of a covalent molecule is known as 
Valence Shell Electron Pair Repulsion Theory (or VSEPR 
theory). This theory was first proposed by Sidgwick and 
Powell in 1940 and was further developed by Nyholm and 
Gillespie in 1957. 

The theory, known as VSEPR theory, is primarily ba^d 
on the fact that in a polyatomic molecule, the direction of 
bond around the central atom depends upon the total 
number of electron pairs (bonding as well as non-bonding) 
in its valence shell. These electron pairs place then^elves as 
far apart as possible in space in order to have minimum 
forces of repulsion between them. The minimum repulsions 
correspond to the state of minimum energy and maximum 
stability of ttie molecule. 

The main postulates of VSEPR theory are as follows: 

(i) The shape of a molecule depends upon the number of 
valence shell electron pairs (bonded or non-bonded) around 
the central atom. 

(ii) Pairs of electrons in the valence shell repel one another 
since their electron clouds are negatively charged. 

(iii) The positions of the electron pairs in space around 
central atom are such that minimis repulsion and thus 
maximise distance between them. 

(iv) The magnitudes of the different types of electronic 
repulsions follows the order given below: 

Lone pair — Lone pair > Lone pair — Bonding pair > 

Bonding pair — Bonding pair 

These repulsive forces alter the bond angles of the molecule 
or ion. 

(v) The electronic repulsion between two pairs of electrons 
will be minimum if they are as far apart as possible. On this 
basis, the following geometrical arrangements are most 
suited. 
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No. of 2 

3 

4 

5 6 

electron pairs 
Geometrical linear 

Triangiilar 

Tetra¬ 

Trigonal Octa- 

figure 

planar 

hedral 

bipyramidal hedral 

Examples BeCl^. 

BCI3, SO3 

CH4, H2O 

PF5, CIF3, SFg. IF5 

CO2, Zna2 

col- 

NH3 

SF4 , SiFi" 


(vi) If the central atom is linked to similar atoms and is 
surroimded by bond pairs of electrons, the repulsions 
between them are similar. As a result the shape of the 
molecule is S3rminetrical and the molecule is said to have a 
regular geometry. On the other hand, the molecules in which 
the repulsive interactions between the electron pairs 
around the central atom are imequal have irregular or 
distorted geomet^. In fact, the presence of lone pairs in 
addition to bond pairs in the molecule causes distortion in 
the geometry of the molecule. For example, in the NH 3 and 
H 2 O molecules, the bond angles are not 1(^°28’ but 106.5® 
and 104.5® respectively due to presence of one lone pair in 
NH 3 and two lone pairs in H 2 O. 

[In the VSEPR notation used to describe molecular 
geometries, the central atom is denoted as A, terminal atoms 
as X and lone pairs as E. AX 2 E 2 describes a structure with 
two terminal atoms and two lone pairs around a central atom, 
for example water molecule. Similarly, AX 3 E 2 describes a 
structure with three terminal atoms and two lone pairs 
around a central atom. For example CIF 3 molecule.] 

(vii) A multiple bond is treated as if it is a single electron 
pair and two or three electron pairs of a multiple bond are 
treated as a single super pair. 

(viii) Where two or more r^onance structures can 
represent a molecule, the VSEPR model is applicable to any 
such structure. 

■ A Strategy for Applying VSEPR Method 

To predict the shape of a molecule or polyatomic ion, the 
following four steps can be followed: 

Step 1 : Draw a Lewis structure of the molecule or poly¬ 
atomic ion. The structure must be plausible but it does not 
need to be the best one. 

Step 2 ; Determine the number of electron groups around 
the central atom (bonding and non-bonding both). A double 
and a triple bond each is counted as one electron group. 

Step 3: Identify the electron group geometry. This may 
be linear, trigonal planar, tetrahedral, trigonal bip 5 n'amidal 
or octahedral corresponding to two, three, four, five and six 
electron groups respectively. 

Step 4 ; Identify the molecular geometry. This is based 
on the positions aroimd the central atom occupied by other 
atoms (not by lone pairs). 
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Molecular Geometry Around Atoms with 2,3,4,5 
and 6 charge clouds (Total number electron 
pairs-bonding and non-bonding) 


NumbeT 


Total 


Number Number VSEPE Molecular _ 

of Bonds (a) ^ ^ of Charge notatton Geometiy 

Pairs (b) ao«ds(a + b) 


2 

0 

2 AX 2 

o~#o 

Linear 

Cl-Be-C! 

“3 

o‘ 

AX 3 

3 

Trigonal 

planar 

F-. 

P^B-F 

2 

1 

AX 2 E 

Bent 

0 ” 

0 -'"* 

H 

"4 

0 " 

AX^ 

O-F-O 

Tetrahedral 

1 

H-C-H 

H 

3 

1 

4 ~AX^E 

Trigonal 

pyramidal 

T 

H 

'2 

2 

AX 2 E 2 

Bent 

H-f: 

H 


AXs 




AX^E2 


AX2-^3 


Trigonal 

bipyramidal 

°’k'- 

See-saw 

T-shaped 

Linear 


Cl 
CK ^ 

Cl 


F-i . 

F^f-- 


F 

I 

pci^F 

F 



F 

FxixF 

F^I^F 

F 


Cl 

ckL^ci 


p^Ae>^p 


m illustration of the Theory by 
-.Considering a Few Examples 

(A) Molecules containing bond pairs only 

(i) Shape of BeF 2 molecule : Be-atom is surrounded by 
two bond pairs of electrons. These should be localised in such 
a way that there is minimum repulsion between them, Le,, 
bond angle should be 180^ hence BeF 2 molecule is Linear. 

Molecules such as BeCl 2 , ZnCl 2 , HgCl 2 / etc., have a linear 
shape. 

(ii) Shape of BF 3 molecule : The Lewis structure of BF 3 
is: 

F 

F X B X F 

B-atom is surrounded by three bond pairs. According to 
VSEPR theory they must be situated at an angle of 120'' as 
they will experience minimum repulsion, ie,, shape of BF 3 Is 

triangular planar. 

Molecules such as BCI 3 , AICI 3 , etc., have a triangular 
planar shape. 

(iii) Shape of CH 4 molecule: The Lewis structure of CH 4 
is: 

H 

«x 

X X ri 

• X 

H 

C-atom is surroimded by four bond pairs. These four bond^ 
pairs adopt tetrahedral structure as to remain as far apart as 
possible in order to have minimum repulsion. The bond angle 
is 109''28’ (or approximately 109.5"). Species such as SiF 4 , 
CCI 4 , SiH 4 , NH 4 , etc., have tetrahedral structure. 

(iv) Shape of PCI5 molecule: The Lewis structure of PCI 5 
is: 



P-atom is sxirrounded by five bond pairs. To have 
minimum energy, the bond pairs of electrons should be as 
far apart as possible from each other. This is possible if the 
molecule acquires a trigonal bip 3 rramidal shape. In this 
geometry aU the bond angles are not equal. The axial bonds 
are of 90" and the bond angles in the triangle plane are of 
120". Two axial F—Cl bonds are longer as compared to three 
equatorial bonds. This is due to the fact that axial bond 
experiences greater repulsion from other bonds. 

Molecules such as PF 5 , SbCls, etc., have same shape. 

(v) Shape of SF 5 molecule : The Lewis structure of SF^ 
is: 
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S-atom is surrounded by six bond pairs. According to 
VSEPR theory these bond pairs adopt an octahedral 
geometry. In this geometry, all the bond angles are 90® each. 
The molecule is symmetrical and stable, i.e,, less leactive. TeF 5 
molecule is also expected to have the same shaj^. 


(B) Molecules containing lone pairs and bond pairs 

( 1 ) Molecules containing two bonding electron pairs and 
one lone pair (AX 2 E): The molecule contains three electron 
pairs. Thus, it should have a trigonal planar geometry. Due 
to the presence of one lone pair, the geometry gets distorted. 
For example, SO 2 has a V-shaped geometry. The bond angle 
is reduced to 119,5®. 

0 

s 

0'^‘n9^0 
Shape of SO 2 molecule 

(2) Molecule containing four electron pairs 

(a) Molecules containing three bonding electron pairs 
and one lone pair (AX^E) 

Shape of NH 3 molecule : The Lewis structure of NH 3 

isi • • 

HJNJH 

• X 

H 

N-atom is surrounded by four electron pairs (three bonded 
and one lone pair). These four pairs adopt tetrahedral 
geometry. Due to presence of lone pair, NH 3 has a distorted 
tetrahedral geometry. The bond angle is not 109®28' but it is 
106.5®, The actual shape of ammonia molecule is pyramidal. 



Shape of NH 3 molecule 

Molecules such as PCI 3 , NF 3 , H 30 '^, etc., have same shap^. 

(b) Molecules containing two bonding electron pairs and 
two lone pairs (AX 2 E 2 ) 

Shape of water molecule: The Lewis structure of water 
is: 

:o^H 

• X 

H 

O-atom is surrounded by four electron pairs (two bonded 
and two lone pairs). These four electron pairs adopt 


tetrahedral arrangement. The presence of two lone pairs 
brings distortion in the geometry of the molecule. The lone 
pairs repel the bond pairs more effectively resulting in the 
decrease of bond angle from 109®28' to 1045®. The actual 
shape of the water molecule is V-shape. 

Molecules/ions such as F 2 O, NH 2 / SGl 2 y PbCl 2 / etc., have 
shape similar to water molecule. 



Shape of H 2 O molecule 

(3) Molecules containing five electron pairs 

(a) Molecules containing four bonding electron pairs and 
one lone pair {AX^E) 

The example is SF 4 molecule. The molecule has five 
electron pairs and should have trigonal bip 3 n‘amidal 
geometry in which one position is occupied by a lone pair. 

Therefore, SF 4 molecule can have either of the following 
two structures. 



(More stable) 

(i) (ii) 


In structure (i) the lone pair is on axial position while in 
structure (ii) the lone pah* is on equatorial position. The 
structure (ii) wiU therefore, experience lesser repulsions than 
structure (i). Thus the structure (ii) which is described as 
distorted tetrahedron or a folded square or see-saw will be 
a more stable correct structure of SF 4 . The bond angles are 
89® and 117® instead of 90® and 120® respectively. 

-(b) Molecules containing three bonding electron pairs 
and two lone pairs (AX 3 E 2 ) 

The example is CIF 3 , The molecule has five electron pairs 
and it should have a trigonal bipyramidal geometry in which 
two positions are occupied by lone pairs. Therefore, the 
molecule, CIF 3 , can have either of the following three 
structures. 


F F 


F 


(i) 

(ii) 


F' 




F 

I 

I 

I 

I 

I 

F 


(iii) 
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Structure (i) is most stable as it will experience lesser 
repulsions in comparison to structures (ii) and (iii). Thus, the 
molecule has a T-shaped structure and bond angle is 87.6''. 

(c) Molecules containing two bonding electron pairs and 
three lone paiis (AX 2 E 3 ) 

The example is XeF 2 * It has five electron pairs and it 
should have a trigonal bipyramidal geometry in which three 
positions are occupied by lone pairs. If the three lone pairs 
are present on the corners of an equatorial triangle, the net 
repulsion will be zero. 

Thus, the most correct and stable shape will be linear. 



Linear shape 


(4) Molecules containing six electron pairs 
(a) Molecules containing five bonding electron pairs and 
one lone pair (AX 5 E) 

The example is BrFs. It has six electron pairs and it should 
have an octahedral geometry in which one position is 
occupied by a lone pair. Since all the six petitions in 
octahedron are equivalent, the lone pair can be present on 
any one position. Thus, the molecule has a square pyramidal 
geometry. 



(b) Molecules containing four bonding electron paiis and 
two lone pairs (AX 4 E 2 ) 

The example is XeF 4 . It has six electron pairs and should 
have octahedral geometry in which two positions are 
occupied by lone pairs. 




Xe 

- 6 ^ 


The shape of the molecule is square planar. 


(1) Bond length (2) Bond energy 

(3) Bond angle (4) Bond order 

® (1) Bond Length : 

The distance between the nuclei of two atoms bonded 
together is termed bond length or bond distance. It is 

expressed in angstrom (A) or picometre (pm) units: 

[1 A = lO"® on; 1 pm = 10 “^^ m] 


BOND LENGTHS 


Bond 

Bond length (A) 

Bond 

Bond length (A) 


0.74 

F 

0.92 

(in H2) 
Cl^l 

1.99 

(inHF) 

H—a 

1.27 

(inCy 

Br—Br 

2.28 

(in HCl) 
H—Br 

1.41 

(in Bra) 

2.67 

(in HBr) 
H—I 

1.61 

(in I2) 

F-^ 

1.42 

(in HD 

0—H 

0.96 

(in F# 

1.54 

(in H2O) 
0=0 

1.21 

c=c 

1.34 

(in O2) 

1.43 

(in C2H4) 

1.21 

(in alcohols) 

c=o 

1.22 

(in C2H2) ' 
C™N 

1.47 

(in aldehydes) 
N~H 

1.03 

(in amines) 
C—H 

1.08 

^ S— H . 

1.35 

(inorganic 


N-~^0 

1.36 

molecules) 


N =0 

1.22 


Bond lengths are measured spectroscopically or by X-ray 
diffraction of solids and dectron diffraction of gases. In ionic 
compounds, bond length is obtained by adding up of the ionic 
radii of two bonded ions. 

Bond length in ionic compound = 

Similarly, in a covalent compound, bond length is obtained 
by adding up the covalent (atomic) radii of two tended 
atoms. 

Bond length in covalent compound (AB) = + rg 

The factors such as r^onance, electronegativity, hybri¬ 
dization, steric effects, etc., which affect the radii of atoms, 
also apply to bond lengths, i.e., the values of bond lengths 
do not hold good for all the compoimds. Bond lengths of 
some common bonds are tabulated in the table given above. 

When there is large difference in electronegativity of the 
two atoms, the bond length is generally less than the sum of 
the covalent radii of the two atoms. 


2.^ BOND CHARACTERISTICS 

Covalent bonds are characterised by the following four 
parameters: 


Important features: 

(i) The bond lengdi of the homonuclear diatomic mole¬ 
cules are twice the covalent radii. Bond length increases 
with the increase in the size of atoms. 
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H 2 C—H C—Cl 

0.74 A 1.09 A 1.77 A 

(ii) The lengths of double bonds are less than the lengths 
of single bonds between the same two atoms and triple 
bonds are even shorter than double bonds. 

Single bond > Double bond > Triple bond 

(iii) Bond length decreases with increase in s-character 
since s-orbital is smaller than a p-orbital. 

C—H = 1.112 A ; sp^ C—H = 1.103 A ; 

(25% s-character (33.3% s-character 

as in alkanes) as in alkenes) 

spC—H=1.08A 

(50% s-character as in alkynes) 

(iv) Bond length of polar bond is smaller than the 
theoretical non-polar bond length. 

(v) Bond length is affected by resonance and hyper¬ 
conjugation. 

M (2) Bond Energy or Bond Strength : 

Bond energy or bond strength is defined as the amount 
of energy required to break a bond in a molecule. Each 
bond has a characteristic value of this energy and is measure 
of the strength of the bond. It is generally observed that 
shorter the bond length, greater is the bond strength or bond 
energy of the bond. 



2H(g) 

AH = 436 kJ moF^ 
(Bond length = 0.74 A) 

Cl-Cl(g)- 

2Cl(g) 

AH = 242 kJ moF^ 
(Bond length = 1.99 A) 

H-Cl(g)- 

H(g) + Cl(g) 

AH = 431 kJ moF^ 
(Bond length = 1.27 A) 


Consider the dissociation of water molecule which 
consists of two O—H bonds. / 

H—O—H(g)-—»2H(g) + 0(g); AH = 926 kj moF^ 

926 

The average bond energy of O—H bond = = 463 kj 

Similarly, the average bond energy of C—bond in CH 4 
is equal to one-fourth of the energy of dissociation of CH 4 
into (C + 4H). However, the bond energy of each C—H bond 
in CH 4 is different. 


CH 4 (g) - 

-^CH 3 (g) +H(g); 

AH = 426 kJ moFV 

CH 3 (g) - 

-^CH 2 (g) +H(g); 

AH = 439 kJ moF^ 

CH 2 (g) - 

-^CH(g) +H(g); 

AH = 451 kJ moF^ 

CH(g) - 

-^C(g) 

+ H(g); 

AH = 347 kJ moF^ 

CH4(g) - 

-^C(g) 

+ 4H; 

AH - 1663kJmoF' 


1663 

Hence, average bond energy C—H = = 416 kJ moP^ 

Thus, the bond energy of C—H bond depends on the order 
in which the particular hydrogen atom is lost from the 
molecule. A similar situation exists for all molecules with 
more than two atoms. The strengths of the bonds depend on 


the order in which they are broken. Average bond energies 
of some common bonds are listed below: 


BOND ENERGIES IN kJ moF^ 


Bond 

Bond energy 

Bond 

Bond energy 

H—H 

436 

Cl—a 

242 

0=0 

497 

Br—Br 

193 

N=N 

945 

I—I 

151 

F—F 

158 

H—F 

563 

H—a 

431 

N—H 
(in NH 3 ) 

389 

H~Br 

366 

O—H 
(in water) 

464 

H—I 

299 

C—C 

346 

C—H 

(in methane) 

416 

C=C 
(in C 2 H 4 ) 

598 


Important features: 

(i) The magnitude of the bond energy depends on the type 
of bonding. Most of the covalent bonds have energy 
between 50 to 100 kcal moP^ (200-400 kJ moP^). 
Strength of sigma bond is more than that of a 7C-bond, 

(ii) A double bond in a diatomic molecules has a higher 
bond energy than a single bond and a triple bond has 
a higher bond energy than a double bond between the 
same a:toms. 

C=C>C=C>C—c 

(iii) The magnitude of the bond energy depends on the size 
of the atoms forming the bond, i.e., bond length. Shorter 
the bond length, higher is the bond energy. 

(iv) Resonance in the molecule affects the bond energy. 

(v) The bond energy decreases with increase in number of 
lone pairs on the bonded atom. This is due to electro¬ 
static repulsion of lone pairs of electrons on the two 
bonded atoms. 

(vi) Homolytic and heterolytic fission involve different 
amounts of energies. Generally the values are low for 
homolytic fission of the bond in comparison to 
heterolytic fission. 

(vii) Bond energy decreases down the group in case of 
similar molecules. 

(viii) Bond energy increases in the following order: 

2 3 

s < p < sp <sp < sp 

C—C > N—N > 0—0 

346 163 146.4 kJ mol"^ 

(No lone pair) (One lone pair) (Two lone pairs) 

(ix) Bond energy of covalent molecule can be calculated 
using Pauling's formula. 

^A-B = 1/2 [Ea-a ^b-b\ + 23 {xa - xg)^ 
where E^_b, Ea-a Eg^g are the bond energies of the 

molecules A-B, A 2 and B 2 respectively and xA and xB 
are the electronegativity of A and B. A more accurate 
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value is obtained when geometric mean 

is used instead of arithmetic mean, - - -. 

■ (3) Bond Angles 

Angle between two adjacent bonds at an atom in a 
molecule made ujp of three or more atoms is known as the 
bond angle. Bond angles mainly depend on the following 
three factors: 

(i) Hybridization : Bond angle depends on the state of 
hybridization of the central atom. 


Hybridization 


sp^ 

sp 

Bond angle 

109^28^ 

120 ° 

180^ 

Example 

CH 4 

BCI 3 

BeCL 


It is observed that as s-character increases in the hybrid 
bond, the bond angle increases. 

(ii) Lone pair repulsion : Bond angle is affected by the 
presence of lone pair of electrons at the central atom. A lone 
pair of electrons at the central atom always tries to repel the 
shared pair (bonded pair) of electrons. Due to this, the bonds 
are displaced slightly inside resultmg in a decrease of bond 
angle. The bond angle in NH 3 is 107^ and bond angle in H 2 O 
is IDS'" inspite of the fact that N-atom and Oatom undergo 
sp^ hybridization. 



Water molecule Ammonia molecule 

(iii) Electronegativity : If the electronegativity of the 
central atom decreases, bond angle decreases. 

In case the central atom remains the same, bond angle 
increases with decrease in the electronegativity of the 
surroimding atoms. 

H (4) Bond order 


the two bonded atoms. The bonds of this type are called odd 
electron bonds. 

An example of one electron bond is found in the hydrogen 
molecule ion, H 2 . It has a bond energy of 61 kcal/mol. The 
ion is less stable than H 2 molecule as a bond length is longer 
than two electrons bond in H 2 . The excited state of alkali 
metal molecules involve odd electron bonds. Thus, Li 2 , KJ, 
Nal are all bound by one electron. 

HeJ ion, O 2 molecule, nitric oxide molecule, nitrogen 
dioxide molecule, etc., are the examples of three electrons 
bonds. Hel ion is a resonance hybrid of following two forms: 

He^He^<- 

The normal valence bond structure of oxygen molecule, 

♦•XX 

; 0 = Ox / f^s to account for the paramagnetic nature of 
oxygen. Thus, structure involving three electrons bond has 
been suggest^ by Pauling. The following structure: 

explains the paramagnetic nature and high dissociation 
energy of oxygen molecule. 

ii Proparties of Odd Electron Bonds 

(i) The odd electron bonds are generally established 
either between two like atoms or between different atoms 
which have not more than 0.5 difference in their electro- 
negativities. 

(ii) Odd electron bonds are approximately half as strong 
as a normal covalent bond. 

(iii) Molecules containing odd electrons are extremely 
reactive and have the tendency to dimerise, 

(iv) Bond length of one electron bond is greater than that 
of a normal covalent bond. Whereas the bond length of a 
three electron bond is intermediate between those of a double 
and a triple bond. 

(v) One electron bond is a resonance hybrid of the 
following two structures: 

A • B <->A • B 


Bond order is defined as the nximber of bonds or number 
of shared electron pairs between two atoms in a molecule. 


H—H 

or 

H : H 

Bond order = 1 

0=0 

or - 

0 :: 0 

Bond Order = 2 

N^N 

or 

N 1 i N 

Bond order = 3 

C^O 

or 

Clio 

^ Bond order = 3 


Isoelectronic molecules or ions have same bond order. 
For example, F 2 and O 2 (18 electrons) have bond 
order 1. N 2 , CO and NO"*" (14 electrons) have bond order 3. 

It is observed that with increase in bond order, bond 
enthalpy increases while bond length decreases. 

2.331 ODD ELECTRON BONDS 

In 1916 Luder postulated that there are number of stable 
molecules in wWch double bonds are formed by sharing of 
an odd number of electrons, ie., one, three, five, etc., between 


Similarly, a three electron bond is a resonance hybrid of 
the following two structures : 

A * I B < > A I ^ B 

2.3^ MOLECULAR ORBITAL THEORY 

The valence bond theory is based on the assumption that the 
formation of a molecule involves an interaction between the 
electron waves of only those atomic orbitals of the 
participating atoms which are half filled. These atomic 
orbitals mix with one another to form a new orbital of greater 
stability wHle all other orbitals on the atorr^ remain 
undisturbed or maintain their individual identity. But this 
cannot be correct because the nucleus of one approaching 
atom is bound to affect the electron waves of nearly all the 
orbitals of the other atom. B^id^ this, the valence bond 
theory fails to explain the formation of coordinate bond, the 
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paramagnetic character of O 2 molecule and the formation of 
odd electron molecules or ions such as H 2 ion where no 
pairing of electron occurs. 

Molecular orbital theory of chemical bonding is more 
rational and more useful in comparison to valence bond 
theory. This theory was put forward by Hund and 
Mullikan. According to this theory, all the atomic orbitals of 
the atoms participating in molecule formation get disturbed 
when the concerned nucM approach nearer. They aU get 
mixed up to give rise to an equivalent number of new 
orbitals that belong to the molecule now. Th^ are callai 
molecular orbitals. The elartrons belonging originally to the 
partidpating atonts are now considered to be moving 
along the molecular orbitals imder the influence of aU tt\e 
nuclei. Thus, molecular orbitals are polycentric. Molecular 
orbital is defined as the region in space comprising the 
nuclei of the combining atoms around which there is 
maximum probability of finding the electron density. 

Molecular orbitals are of varying energies and are 
arranged in the order of increasing energy levels as in the 
case of atomic orbitals. The filling of electrons in the 
molecular orbitals follows, aufbau principle and Hund's rule. 

M Linear Combination of Atomic Orbitals 
(LCAO) 

Molecular orbitals of a molecule are obtained by the linear 
combination of atomic orbitals of the bonded atoms. The 
electron waves that describe the atomic orbitals have positive 
and negative phase or amplitude just as there are positive 
(upward) and negative (downward) amplitude assodated 
with standing wave. When waves are combined, they may 
interact either constructively or destructively. If the two 
identical waves are added, they combine constructively to 
produce the wave with double the amplitude and same 
wavelength. Conversely, if they are subtracted, they combine 
destructively to produce the wave with zero amplitude. This 
has been shown in Fig. 2.23. 



Fig. 2.23 


Likewise when two atomic orbitals overlap they can be in 
phase (added) or out of phase (subtracted). If they overlap in 
phase, constructive interaction occurs in the region between 
two nuclei and a bonding orbital is produced. When they 
overlap out of phase, destructive interference reduces the 
probability of finding an electron in the region between the 
nuclei and antibonding orbital is produced. 



Fig. 2.24 Formation of bonding and antibonding 
molecular orbitals 


This can be shown mathematically also. Suppose and 
\|/b represent the amplitude (or also called wave functions) 
of the electron waves of the atomic orbitals of the two atoms 
A and B respectively. When these waves overlap, two cases 
may arise: 

Case I. When the two waves are in phase, ie., con- 
structive interference occurs, the waves are added so that the 
amplitude of the new wave is 

^ = Wa + Wb 

Case IL When the two waves are out of phase, f.e., 
destructive interference occwcs, the waves are subtracted firom 
each other so that the amplitude of the new wave is 

#' = - ¥b 

The probable electron density is given by the square of the 
amplitude, therefore we have 

+ Yb)^ = Ya + ¥b + 2ya¥b 

and <t>'^ =(Ya-¥b)^ =¥i+VB-2 YA¥B 

le., <t>^>¥A+¥B 

whereas <!)'^<¥a + ¥b 

The above relation shows that the probability of finding 
the electrons in the bonding molecular orbital increases 
whereas it decreases in the antibonding molecular orbital. 
In other words, it can be said that electron density is high 
between the nuclei of two bonded atoms due to increased 
attraction in case of bonding molecular orbital whereas most 
of the electron density is located away from the space 
between the nuclei due to repulsion in case of antibonding 
molecular orbital. In fact, there is a nodal plane betw^n the 
two nuclei of antibonding molecular orbital where electron 
density is zero. 

Just as letters s, p, d, etc., are used to denote the atomic 
orbitals, similarly Greek symbols, 0 , ic, 5, etc., are used to 
denote the bonding molecular orbitals and asterisk symbols 
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a*, 1^, 6% etCv are used to represent antibonding molecular 
orbitals. 

Note : Crests of the electron waves are given sign and 
troughs a sign. Thus, bonding molecular orbital is 
formed by combination of "+' with and with 
part of the electron waves whereas antibonding 
molecular orbital is formed by combination of with 
part of the electron waves. 

The energy of the bonding molecular orbital is always 
lower than the energy of the atomic orbitals of the combining 
atoms whereas the energy of the antibonding molecular 
orbital is higher than the energy of the combining atomic 
orbitals as bonding molecular orbital is more stable and 
antibonding molecular orbital is less stable. However, it 
should be noted that compared with the energy of the 
combining atomic orbitals, the energy of the antibonding 
molecular orbital is raised by an amount greater than the 
amount by which the energy of the bonding orbital is 
lowered but the sum of the energies of bonding molecular 
orbital and antibonding molecular orbital is equal to the sum 
of energies of the combining atomic orbitals. The lowering 
in energy (A) of the bonding molecular orbital than the 
combining atomic orbital is called stabilization energy while 
increase in energy (A') of the antibonding molecular orbital 
is called destabilizing eiiei^. 


Distinction between Atomic and Molecular Orbitals 


Atomic orbital 

Molecular orbital 

1. Atomic orbital is monocentric, 
Le., electron cloud extends 
around the nucleus of a single 
atom. 

2. It is less stable, 

3 . It has simple shape. * 

4. Atomic orbitals are designated 
as s, p, d, etc. 

Molecular orbital is poly centric, te., 
the electron cloud extends around 
all the nuclei of bonded atoms in 
the molecule; 

It is more stable. 

It has complex shape. 

Molecular orbitals are designated 
as 0 , 0 *, K, etc. 

Comparison of Bonding and Antibonding 
Molecular Orbitals 

Bonding molecular 
orbitals 

Antibonding molecular 
orbitals 

1. It is formed by linear 
combination of two atomic 
orbitals when their wave 
functions are added. 

2 . Its energy is less than the 
combining atomic orbitals. 

3 . It increases the electron demity 
between the nuclei. It therefore 
stabilises the molecule. 

4. It has no nodal plane (plane 
where electron density is zero). 

5. It is symmetrical about inter- 
nuclear axis. 

6 . Designated by a, B, etc. 

It is formed by linear combination 
of two atomic orbitals when their 
wave functions are subtracted. 

Its energy is more than the 
combining atomic orbitals. 

It decreases the electron, density 
between the nuclei. It therefore 
destabilises the molecule. 

It has nodal plane. 

It is symmetrical about inter- 
nuclear axis and about a line 

perpendicular to it, 

* ^ * 

Designated by 0 , Tt, 8 , etc. 


m Conditions for Combination of Atomic 
Orbitals to form Molecular Orbitals 

The formation of molecular orbitals by linear combination 
of atomic orbitals can take place only if the following 
conditions are fulfilled: 

(i) The combining atomic orbitals must have same or 
nearly same enei^^ comparable energy. For homo- 
nuclear diatomic molecule, A 2 / Is atomic orbital of one atom 
car\ combine with Is atomic orbital of another atom or 2s can 
combine with 2s, 2p with 2p and so on. Is cannot combine 
with 2s or 2s cannot combine with 2p as the energy difference 
is appreciably high. However, such combination can take 
place for heteronuclear diatomic molecules, AB, if the energy 
difference is not very high. 

(ii) The combining atomic orbitals must have proper 
orientation, same symmetry about the molecular axis. 
For example, taking z-axis as the molecular axis, 2 p 2 orbital 
of one atom can overlap with 2pz orbital of another atom but 
not with 2p^ or 2py orbitals because of their different 
symmetries. Similarly 2s orbital of one atom can overlap with 
2 p 2 orbital but not with 2px or 2py orbital of another atom on 
account of improper orientation (Fig. 2.25 a and 2.25 b). 


-<E><3E>0- 

2Pz 2pz 



Proper orientation 




Proper orientation 


Fig. 2.25 (a) 


2p2 2px 

Improper orientation 



Improper orientation 


2 px or 2py 
Improper orientation 


Fig. 2,25 (b) 


(iii) The combining atomic orbitals must overlap to the 
maximum extent. Greater the extent of overlap, the greater 
will be the electron density between the nuclei of a molecular 
orbital. 


ii Salient Features of Molecular Orbital Theory 

From the above discussion, the main features of the 
molecular orbital theory can be summed up as follows: 
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(i) Like valence bond theory, this theory starts with atomic 
orbitals but the atomic orbitals of the atoms approaching 
for bonding overlap to imdergo constructive interference as 
wen as d^tructive interfemnce to form molecular orbitals. 
As a result, the atomic orbitals lose their individual identity 
and all the electrons in the molecide are associated with 
molecular orbitals. 

(ii) When two atomic orbitals overlap, they form two new 
orbitals called molecular orbitals. One of which is called 
bonding molecular orbital and other is called antibonding 
molecular orbital. These are formed by addition and 
subtraction of wave functior^ respectively. 

(iii) Molmilar orbitals are the energy states of a molecule 
in which the electrons of the molecule are filled. 

(iv) Bonding molecular orbital has energy lower than the 
combining atomic orbitals while antibonding orbital has 
higher energy than the combining atomic orbitals. 

(v) Only those atomic orbitals can overlap to form 
molecular orbitals which have comparable energies and 
proper orientation- 

(vi) Electrons present in the bonding molecular orbital 
contribute towards the stability of molecule while electrons 
present in antibonding molecular orbital contribute to the 
repulsions between the nuclei of the atoms. 

(vii) The bonding molecular orbitals are denoted as 0, K, 
8 , etc., while antibonding molecular orbitals are denoted as 
0 ^ 71*, 8*, etc. 

(viu) A molecular orbital (bonding or antibonding cannot 
accommodate more than two electrons. Both the electrons 
must have opposite spins (Pauli's exclusion principle). 

(ix) Molecular orbitals are fiEed in order of increasing 
energies starting with the orbital of minimum energy (aufbau 
principle). 

(x) In molecular orbitals of same energy (degenerate 
orbitals), the electron pairing occurs only when aU of them 
are singly fUled (Hund's rule). 

(xi) The shapes of the molecular orbitals formed depend 
upon the type of the combining orbitals. 

■ Types of Molecular Orbitals Formecl 

When the two atomic orbitak overlap along the 
intemuclear axis, the molecular orbitals formed are caUed 0 
and 0* molecular orbitals and when overlap sideways, the 
molecular orbitals formed are called n and n* molecular 
orbitals. As s-orbitals are spherical symmetrical, their wave 
function has same sign in aU directions whEe in case of 
p-orbitals, one lobe is given sign and other a sign. 
Overlapping oflobes or lobes of two p-orbitals forms 
bonding molecular orbital and overlapping of one lobe 
of one orbital andlobe of other orbital forms antibonding 


molecular orbital. lobe interaction with lobe means 
addition of wave functions while lobe interaction with 
lobe means subtraction of wave functions. Few simple 
cases of combination of atomic orbitals are discussed: 

(i) Molecular orbitals from s-atomic orbitals: The 
formation of molecular orbitals by linear combination of Is 
atomic orbitals of two atoms is shown in Fig. 2.26. 



Fig. 2.26 

The wave functions of two Is atomic orbitals can combine 
in two ways: 

(a) When both have same sign, ie., addition of wave 
functions occur and 0 Is molecular orbital is formed. This 
overlap takes place along .the intemuclear axis. 

(b) When both have oppc^ite sign, f.g., subtraction of wave 
functions occur and 0* Is molecular orbital (antibonding) is 
formed. Thk overlap takes place also along the intemuclear 
axk. The dotted line between the two lobes indicates a nodal 
plane where the probability of finding the electron density 
is zero. 

Each of the two molecular orbitals can accommodate two 
electrons each and four in aU. Similarly, the combination of 
two 2s-orbitals forms two molecular orbitals 02s (bonding) 
02 s (antibonding). 

(ii) Molecular orbitals From p-atomic orbitals: The two 
2 p-orbitals can combine together in either of the two ways, 
Le., end-to-end or side-by-side. 

(a) End-to-end overlap: Let z-axis be the line joining the 
two nuclei in the molecule. Thus, only 2pz orbitals will 
combine in end-to-end fashion. When 2^^ orbitals on two 
atoms combine in phase (addition), bonding molecular 
orbital designated as alpz and when these overlap out of 
phase (subtraction), antibonding molecular orbital 02^^ come 
into exktence. The formation is shown in Fig. 2.27. 

(b) Side-by-side overlap : When two 2py orbitals or 2px 
orbitals on two atoms, which have mutuaUy parallel axis, 
interact to give rise molecular orbitals that are not 
symmetrical about nuclear axis and are called it-molecular 
orbitals. These are designated as Ttlpy (bonding) and TtZpy 
(antibonding). Similarly, when two 2px orbitals on the two 
atoms interact they form two 7C-molecular orbitals which are 
designated as lt2px (bonding) and itlpx (antibonding). The 
formation has been shown in Fig. 2.27. 
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€%0 

2 Pz 2p^ 


Head on approach 


By addition Bonding molecular 
orbital 

^ Nodal 
plane 

CjjO CK3^^<3E><3—0*i<3 

2pz 2pz « 

By subtraction Antibonding 
molecular orbital 

Nodal plane 


2 py 2p^ 
(orZf^ (or2A() 
Sidewise approach 


Bonding 
By addition molecular orbital 
n 2py (or ji 2px) 

Nodal plane 



/ V / . By subtraction Antibonding 

(or 2a,) (or 2a,) molecular orbital 

(orjiip^) 

Fig. 2.27 Combination of two 2p atomic orbitals 


Thus, in all there are six molecular orbitals arising from 
two sets of 2p atomic orbitals. Since, 2py and 2px atomic 
orbitals on an atom are degenerate (equal energy), the n 
mol^:ular orbitals formed by these orbitals will also be 
degenerate, ie,, bonding orbitals, 

%2py and K2px have same energy. 

Similarly ^py and %2px have same energy. 

It may be noted that whereas n2px has only one nodal 
plane, there are two nodal planes in klpx molecular orbital. 
Similar is the situation with %2py and fcpy abo. 


Pifferenoe between sigma and pi molecular orbitals 


Sigma (a) mokcuiar 
orbital 


pi in) molecular 
orbital 


1. It is formed by end-to-end 
overlap of atomic orbitals along 
the intemuclear axis. 


It is formed by sidewise overlap of 
atomic orbitals perpendicular to 
intemuclear axis. 


2. The overlapping is maximum. 


The overlapping is comparatively 
less. 


3. The orbital is symmetrical to 
rotation about intemuclear axis. 

4. It consists of one electron ^doud. 


The orbital is not symmetrical to 
rotation about intemuclear axis. 

It consists of two electron clouds 
one above and other below the 
plane passing through the nuclei. 


a Energy Level Diagrains 
for Molecular Orbitals 


The relative energies of molecular orbitals depend on the 
following factors: 


(i) The energies of the atomic orbitals involved in the 
formation of molecular orbitals. 

For example, pair of molecular orbitals formed by the 
combination of 2s atomic orbitals will have hi^er energy 
than those formed by combination of Is orbitals. Similarly, 
molecular orbitals formed by combination of 2p atomic 
orbitals will have higher energy than those formed by 
combination of 2s atomic orbitals. Thus, 

Is molecular orbitals < 2s molecular orbitals 
energy energy 

< 2p molecular orbitals 
energy 

However, within same pair of molecular orbitals, the 
bonding molecular orbital has lower energy than the 
antibonding molecular orbital. 

(ii) The extent of overlapping between the atomic orbitals. 
The greater the overlap, the more the bonding orbital is 
lowered and the andbonding orbital is raised in energy 
relative to atomic orbitals. Therefore, the energy of sigma 
molecular orbital is expected to be lower than pi molecular 
orbital. 

2p orbitals form six molecular orbitals between two atoms. 
Bonding orbitals 02^^/ '^Py 

Amtibonding orbitals ^^Px^ ^Py 

The energy levels of these molecular orbitals have been 
determined experimentally by spectroscopic methods. 

K2px and %2py orbitals have equal energies as these are 
degenerate orbitals. 

it2px and ii2py orbitals have equal energies as these are 
also degenerate orbitals. 

a2pz has the maximum energy among the six 2p molecular 
orbitals. 

The energy of 02^^ not definite. For diatomic molecules 
02 , Be 2 , B 2 , C 2 and N 2 , the energy of 02^2 is higher than %2px 
or %2py while for diatomic molecules O 2 , F 2 , Ne 2 , the energy 
of 02 p 2 is lower than Ti2px or %2py. 

Thus, the energy diagram for first ten molecular orbitals 
for diatomic homonuclear molecules such as O 2 / Be 2 , B 2 , € 2 , 
N 2 is : 

lapx ^px 

0 ls, 0ls, 02 s, 02s, , 02pzr / 02 p 2 

Tilpy n2py 

- : - > 

Energy increases 

For homonuclear diatomic molecules such as O 2 , F 2 / N^, 
the energy diagr am is: 

Tilp^ h.p:, 

c^s, ols, a2s, o2s, 02 ^ 2 , , , Glpz 

idPy fepy 

-^ ^ 

Energy increases 
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-n- 

a‘2p. 

-n- -n- 

Hy 2Py '^Z^Px 

-n- -n- 

ny2py n^2px 

-n- 

(j 2p^ 

-n- 

a*2s 

-n- 

(j 2s 

-n- 

Cy*1 S 

- -n- 

a 1S 

orbitals orbitals orbitals 

Fig, 2,28 Energy level diagram of molecular orbitals for 
homonuclear diatomic molecules (O 2 , F 2 and Ne 2 ) 

Rules for Fitting up of Molecular 

Orbitals with Electrons 

(i) The molecular orbitals are filled in increasing order of 
their energy (aufbau principle). 

(ii) The maximum number of electrons which can be 
accommodated in a molecular orbital is two (Pauli's 
exclusion principle). 

(iii) If there are two molecular orbitals having the same 
energy, the electrons will first enter these singly and when 
both achieve one electron each, pairing will start (Hund's 
rule). 

fi Electronic Configuration and 

Molecular Behaviour 

The distribution of electrons among various orbitals is 
called the electronic configuration. Electronic configuration 
of the molecule can give the following information about the 
behaviour of the molecule. 

(i) Stability of molecules : A molecule is formed only 
when the total energy of the system decreases. This is only 
possible when bonding electrons are more than antibonding 
electrons. Suppose the number of electrons present in the 
bonding orbitals is represented by Nb and the number of 
electrons present in the antibonding orbitals Ng, then 

(a) If Nb is greater than Na (Nb > Ng), the molecule is 
stable. Stability is due to net force of attraction. 

(b) If Nb is less than Ng (Nb < Ng), the molecule is 
unstable. Antibonding influence is stronger resulting in a net 
force of repulsion. This brings instability. 



(c) If Nb is equal to Ng (Nb = Ng), the molecule is unstable. 
This is because of the fact that the influence of antibonding 
electrons is slightly more than that of bonding electrons 
resulting in a net force of repulsion, 

(ii) Stability in terms of bond order: 

Bond order is defined as one half of the difference 
between the number of electrons present in the bonding 
and the antibonding orbitals, i.e.. 

Bond Order (B.O.) = i(Nb-Na) 

Number of electrons Number of electrons 
in bonding orbitals - in antibonding orbitals 

2 

The bond order provides the following information. 

(a) If the value of bond order is positive, it indicates, a 
stable molecule or a stable ion. In case, the value of bond 
order is negative or zero, it indicates that the molecule or ion 
is imstable or the species does not exist. 

(b) The stabiUty of the bond, i.e,, molecule or ion is 
measured in terms of bond dissociation energy. The bond 
dissociation energy is directly proportional to the bond 
order. Higher is the bond order, greater is the bond dissoci¬ 
ation energy, i.e., more is the stability. Thus, a molecule with 
bond order 3 is more stable than a molecule with a bond 
order 2 which in turn is more stable than a molecule with a 

bond order of 1 or 1 ^ . 

(c) Bond order 1,2 and 3 means single, double and triple 
bonds respectively. [The difference between chemical bond 
and bond order is that chemical bond is always integral but 
bond order can be fractional also.] 


Bond order 

Stability 

Less than zero 

The species is highly unstable 
or does not exist 

Zero 

The species is highly unstable 
or does not exist 

+ 1/2 

The species exists but unstable 

+1 

A stable single bond 

+2 

A stable double bond 

+3 

A stable triple bond 


(d) Bond length is inversely proportional to the bond 
order. Greater is the bond order, shorter is the bond length. 


Molecule 

Bond order 

Bond dissociation 
energy (kj moP^) 

Bond 

length (pm)^ 

F 2 (F - F) 

1 

158 

142 

O 2 (O = O) 

2 

497 

121 

N 2 (N = N) 

3 

945 

110 


(iii) Magnetic nature; If all the electrons in the molecule 
or ion are paired, it is diamagnetic in nature. In case, if the 
molecule has any unpaired electron or electrons, it is 
paramagnetic in nature. Paramagnetic behaviour depends 
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upon the number of impaired electrons, ie., greater the 
number of unpaired electrons present in die molecule or ion, 
greater is the paramagnetic nature. It is expressed in terms 
of magnetic moment which is equal to^n{n +2) B.M. Where 
n is the niunber of unpaired electrons. 

m Molecular Orbital Configurations of 
Some Homonuclear Diatomic Species 

Homonuclear diatomic molecules or ions have two 
identical atoms linked together. These are A 2 type species. 

<i) The hydrogen molecule ion, : This ion has one 
hydrogen atom and one ion linked together. Each has 
Is-orbital Using LACO method two Is-orbitals will combine 
to give two molecular orbitals, oils) and a (Is), the only 
electron will be accommodated on crls. 

Thus, bond order for 5 

ion can exist but it is unstable. It is paramagnetic in 
nature. The bond length is 104 pm. Its bond dissociation 
energy is 269 kj moH. 

(ii) The hydrogen molecule, H 2 : It is formed from 
atomic orbitals of two atoms. The atomic orbitals (Is^) will 
combine to form two molecular orbitals ails) and <^ls). Two 
electrons are accommodated on 0 (ls) and o(ls) remains 
vacant. 

Thus, bond order for H 2 = |(2 - 0) = 1 

It is stable and diamagnetic in nature. It has single 
covalent bond. Its bond dissociation energy is 438 kJ moF^. 
The bond length is 74 pm. 

(iii) The hydrogen molecule ion, H 2 : It is formed by 
linking hydrogen atom with hydrogen ion, H“. Both have Is- 
orbitals. These will combine to form two molecular orbitals 
a(ls) and a(ls). These available electrons are accommodated 
as 0 (ls)^ and a(ls)^. 

Thus, bond order for H 2 = |(2 -1) = | 

It is unstable and paramagnetic in nature. 

(iv) Helium molecule, He^ : It is formed by linking 
helium atom with helium ion, He^. Both have Is-orbitals. 
These will combine to form two molecular orbitals 0 (ls) 
and 0 (ls). Three electrons are accommodated as 0 (ls) and 

has)\ 

Thus, bond order for HeJ = |(2 ■“ 1) = - 

The value of bond order indicates that He 2 can exist but 
is unstable. The bond dissociation energy is 242 kJ moF^ It 
is paramagnetic in nature. Both and He 2 have same 
number of electrons in the antibonding orbitals. Both have 
same stability, similar bond dissociation energy and similar 
bond lengths. 


(v) Helium molecule, He 2 : It is formed by linking two 
helium atoms. Both have Is-orbitals. These wUl combine to 
form two molecular orbitals 0 (ls) and 0 (ls). Four available 
electrons are accommodated as 0 (ls)^ and 0 (ls)^. 

Thus, bond order for He 2 = ^(2 - 2) = 0 

Hence, there can be no possibility for the existence of He 2 
molecule. 



Hi 

H 2 

HI 

Hel 

Hez 

0(ls) 

1 

ti 

n 

ti 

n 

0 {ls) 

- 

- 

1 

1 


Bond order 

1/2 

1 

1/2 

1/2 

0 

Magnetic nature 
(P = Paramagnetic 

D = EHamagnetic) 

P 

D 

p 

P 

D 


(^) Lithium molecule, (Li 2 ) : The electronic con¬ 
figuration of lithium atom (Z =3) is Is^ls^. Thus, total number 
of electrons in Li 2 molecule would be 6 . The electronic 
configuration of Li 2 molecule may be written as: 
0 (ls)^^ls)^ 0 (^)^. This maybe written as: KK [0(2s)^]. Where 
KK represents fuUy filled inner K shells in two atoms, f.e., 
[ 0 (ls)^] [ 0 (ls)^]. These are also called non-bonding orbitals. 

It is clear from the electronic configuration of Li 2 molecule 
that there are 4 bonding electrons and 2 antibonding 
electrons. 

Bond order = —. = 1 

Thus, Li 2 molecule is stable. It has one single sigma bond. 
The bond dis^ciation energy is 110 kJ moH and the bond 
length is 265 pm. As it has no unpaired electron, it is 
diamagnetic in nature. Li 2 molecules are found to exist in 
vapour state. 

(vii) Be 2 , B 2 and C 2 molecules : The electronic 
configurations along with bond orders and magnetic nature 
of these molecules are given below: 


Molecule 

Total 

electrons 

Configuration 

Bond order 

Magnetic 

nature 

Be 2 

8 

ma( 2 sf] [fert 

1 

II 

0 

Does not exis^ 

B 2 

10 

KK[o(2s)^] la(2s)^] 





[ 7 t( 2 p.t)^] M 2 p^)h 

|(6-4) = 1 

Paramagnetic 

C2 

12 

KKloilsf] [o(2s)^] 





{it{ 2 pf] [iT(2pp^] 

i(8-4) = 2 

Diamagnetic 


The bond in B 2 is weak n bond. The tiibnd dissociation 
energy is 290 kJ moF^ and bond length is 159 pm. C 2 
molecule has double bond comisting both the n bonds as 4 
electrons are present in pi molecular orbitals. Generally, in 
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most of the molecules, the double bond consists of one sigma and one pi bond. Like Li 2 molecules, C 2 molecules also exist in 
vapour state. 


■ Comparison of stabilities of H2r Li2 and B2 


The three molecules, i.e., H 2 / Li 2 and B 2 possess the same value of bond order (i.e., 1 ) but their stabilities are different. H 2 
molecule, has maximum stability out of these molecules. 

This can be explained as follows: 

(i) Li~Li bond length is much larger than H-H bond length. ^ 

(ii) The overlapping of 2s-2s atomic orbitals in lithium is less effective than the overlapping of Is-ls atomic orbitals in 
hydrogen, 

(iii) Li 2 molecule has two electrons in antibonding orbital while H 2 has no electrons in the antibonding orbital. 

(iv) In Li 2 molecule, the electrons in 0(2s) molecular orbital are shielded by inner cds) electrons. Thus, there is less attraction 
between electrons in <j( 2 s) and the nuclei. 

Because of above reasons, Li 2 is less stable than H 2 . 

Boron atom is smaller in size than Li atom and the B 2 molecule has 6 electrons in the bonding orbitals while Li 2 molecule 
has four electrons in the bonding orbitals. Hence, B 2 is more stable than Li 2 . 

Thus, the order of stability is : H 2 > B 2 > Li 2 

(viii) Nitrogen molecule (N 2 ): The electronic configuration of nitrogen is Is^, 2s^ 2p^. In nitrogen molecule, there are 14 
electrons of which 4 are in the K shell and are non-bonding. Each atom contributes four atomic orbitals and thus, the molecule 
consists of 8 molecular orbitals. Then ten electrons are alloted to molecular orbitals as follows: 

KK ailsf hiTsf %(2pxf n(2pyf 

where KK denotes the closed K shell structure 0 (ls)^ 0 {ls)^. 

Bondorder =|( 8 - 2 ) = 3 or =l(10-4) = 3 

Thus, nitrogen molecule has three bonds, one sigma and two pi. The molecule is diamagnetic. It has high bond dissociation 
energy (945kJ moF^ and bond length is 110 pm. 

(ix) N 2 / Ni and Nf" ions : The configurations of Nj, N 2 and nI” ions along with their bond orders, stability and their 
magnetic character are tabulated below: 


Species 

Total electrons 

Configurations 

Bond order 

Stability 

Magnetic nature 

N 2 

14 

KK <y(2sf a(2s)^ it(2pxf %(2pyf (sUp^f' 

(8-2) - 
2 

Most stable 

Diamagnetic 

Nj . 

• 13 

KK oOsf oiTsf n(2p/ a(2p^)^ 

^^-^>=2.5 

Less stable 

Paramagnetic 

N2- 

15 

KK ai2sf a(2s)^ Jt(2px)^ n(2p,jf o(2pj)^ 

^ = 2.5 

Less stable 

Paramagnetic 

n|- 

16 

KK o(2s)^ o(2s)^ 5t(2p^)^ JE(2py)^ <!i2p^^ n{2px)^ n(2pyf 

(8-4) 

2 ^ 

Least stable 

Paramagnetic 


Bond dissociation energies are directly proportional to the bond orders. The order of bond dissociation energies is : N 2 > Nj = N 2 > nI" 
Bond length is inversely proportional to the bond order. The order of bond lengths is: N 2 ~ > N 2 = > N 2 . 

(x) Oxygen molecule ; The electronic configuration of oxygen is Is , 2s 2p , In oxygen molecule, there are 16 electrons 
of which 4 are in the K shell and are non-bonding. Each atom contributes four atomic orbitals and thus, the molecule consists 
of 8 molecular orbitals. The 12 electrons are alloted to molecular orbitals as follows: 

KK <t( 2 s)^ 0 ( 2 s)^ <T( 2 p 3)2 Ji( 2 p/Ji( 2 p/n( 2 p/ 


Note : <y{2py) is filled first and then it(2p^) and n(2py) molecular orbitals are fiUed. 

Bond order = = 2 


The oxygen molecule has two bonds (one sigma and one pi). The last two molecular orbitals are singly occupied, hence 
the molecule is paramagnetic in nature. The molecule is stable. The bond dissociation energy is 497 kj moF^ and bond length 
is 121 pm. 

(xi) O 2 / O 2 and O 2 ” ions : The configurations of Oj, O 2 and C^” ions along with their bond ordeis, stability and thdr 
magnetic character are tabulated ahead: 
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Species 

Total electrons 

Configurations 

Bond order 

Stability 

Magnetic character 

02 

16 

KK cQsf h(2sf n(2pj‘^ n(2pyf n(2p:,9 n(2pyf 

^^■^^= 2.0 

Most stable 

Paramagnetic 

02 ^ 

15 

KK adsf hdsf a(2pf 7t(2p/ n(2p/ ndp^f 

^'-'^= 2.5 

Most stable 

Paramagnetic 

02 - 

17 

KK o(2s)^ h(2sf a(2pjr K{2pjf n(2py9 ndpxf ^dpyf 

(8-5) _ 

2 

- Less stable 

Paramagnetic 

i 

or 

18 

KK cQsf k2s9 odpzf n(2p/ n(2pyf klp^f klpyf 


Least, stable 

Diamagnetic . 


The bond dii&odiition energies and stability are in the given order: 

The bond lengths are in the given order: > O 2 > O 2 > Oj. 

(xii) Fluorine molfecule : Electronic configuration pf 
F-atom (Z = 9) is Total number of electrons imF 2 

molecule is 18 of which 4 are in K shell and are non-bonding.. 
Each atom contributes four atomic orbitals. The 14 electrons 
are alloted to molecular orbitals as foUows: 

KK ailsf h{2sf a(2p^^ 7t(2pJ^ nUpyf ii2pj^ n(2pyf 
Bond order = = 1 

F 2 molecule has one single bond. The molecule is dia¬ 
magnetic as no unpaired electron is present in the molecule. 
The bond dissociation energy is 159 kj moF^ and bond 
length is 143 pm. 

<xiii) Heon molecule (Nes) : The electronic confi- 
guration of neon atom is Is 2s 2p . In Ne 2 molecule 20 
electrons are present, out of which four electrons are in K 
shell and are non-bonding. The molecular orbital 
configuration of neon molecule is: 

XKCT(2s)^o(2s)^0(2p2)^3t(2p;c)^7c(2py)^n(2p;()^n(2py)^aGpz)^ 
Bond order = = 0 


Thus/Ne 2 molecule does not exist. 
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Fig. 2.29 (a) Molecular occupancy of homonuclear diatomic 
molecules of O 2 , F 2 and Ne 2 
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Fig. 2.29 (b) Molecular occupancy of homonuclear diatomic 
molecules of B 2 , C 2 and N 2 


9 Stmctures of Heteronyclear 
Diatomic Molecyles 

The principles involved in the distribution of electrons in 
the heteronuclear diatomic molecules are the same as in 
homonuclear diatomic molecules. However, due to the 
difference in the electronegativity of two atoms, the molecular 
orbital diagrams will not be symmetrical. The electrons in 
bonding molecular orbital spend more time near the more 
electronegative atom. On the other hand, electrons in 
antibonding molecular orbital are closer to the less electro¬ 
negative atom. Two examples are discussed below: 

fi) Millie molecde : 

Total valence electrons = 5 + 6 = 11 

The distribution of the electrons in variom molecular 
orbitals of NO molecule is done in the following manner: 

KK <si2sf 0(2s)^ o{2pz9 Tt(2pxf %(2pyf %(2px)^ 

Bond order = | (8 “ 3) = 2.5 

The presence of one unpaired electron makes the molecule 
less stable. It is paramagnetic in nature. 

Configuration of NO"^ (Valence electrons = 10) 

KK <5{2sf ^2sf G{2pzf n(2pxf rc(2pyf 
Bond order = |(8 - 2) = 3 
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Configuration of NO (V alence electrons = 12) 

KK a(2sf o(2sf a(2pf )t(2p/ n(2p/ 

Bond order = |(8 - 4) = 2 

(ii) Carbon monoxide molecule (CO): 

Total valence electrons = 4 + 6 = 10 i 

The distribution of electrons in various molecular orbitals 
of CO molecule is done in the following manner: ; ^ 

ia2s9- (o2sf (n2pyf (o2pf 

Bond order = |( 8 -2) = 3 [' 

It represente one sigma bond and two K-bonds. The 
molecule is stable and diamagnetic in nature. 

(iii) CIST ion: 

Total number of valence electrons = 10 
The configuration of CN” ion is: 

KK Gi2sf k2sf jc(2p/ nQpyf a(2p/ 

Bond order = i (8 - 2) = 3 
The ion is stable and diamagnetic in nature. 

(iv) BN mol^tde: 

Total number of valence electrons = 8 
The configuration of BN molecule is: 

KK g(2s9 o(2s)^ K( 2 p/ Ti(2p/ 

Bond order = |(6 - 2) = 2 

The molecule is stable and cfiamagnetic in nature. 

m Comparison of Valence Bond Theory 
and Molecular Orbitol Theory 

Points of resemblance 

(i) For the covalent bond formation, orbital overlap is 
necessary in both the theories. 

(ii) The orbitals responsible for overlapping must have 
nearly same energies and proper orientation according to 
both the theories. 

(iii) According to bo% the theories, the electron density is 
high in the region between the atomic nuclei. 

(iv) Both the theories account for the directional nature of 
the bond. 

(v) Both the theories predict the non-existence of He 2 and 
Ne 2 molecules. 

(vi) Both the theories are approximate. 

Points of difference 

(i) In valence bond theory, atomic orbitals of the combin¬ 
ing atoms do not lose their individual character to a great 
extent but in molecular orbital theory atomic orbitals of the 
combining atoms tee their identity and new molecular 
orbitals come into existence. 

(ii) According to valence bond theory electron density 
increases in the region of overlap while in molecular orbital 


theory, there is increase as well as decrease in electron 
density in the region of orbital overlap, 

(iii) In valence bond theory, resonance plays its part 
while in molecular orbital theory resonance has no role to 
play. 

(iv) Mathematically, valence bond theory is quite easy to 
apply while molecular orbital theory is difficult to apply. 

(v) Valence bond theory does not explain paramag¬ 
netic nature of O 2 molecule while molecular orbital theory 
explains the paramagnetic behaviour of O 2 molecule. 

Kyi) Valence bond theory fails to explain the existence of 
H 2 ion while molecular orbital theory explains the existence 
of lij ion. 

2.^ METALLIC BONDING 

In a metal crystal, one atom is surrounded by S or 12 other 
metal atonte. (This has been shown by X-ray study of metal 
crystals.) Since, in metals, the valency electrons are few, it is 
not possible for an atom to form 8 or 12 covalent bonds with 
neighbouring atoms. 

In a metal crystal, all atoms are identical These atoms 
cannot be linked by electrovalent bonds as all have same 
electronegativity. Thus, in metals, the atoms are bonded with 
each other with a special type of bonding known as metallic 
bonding. A theory was proposed by Drude in 1900 and 
modified by Lorentz in 1923, to explain the type of bonding 
in metals. This theory is known as electron cloud or electron 
pool or electron-gas theory. Since, the metels are electro¬ 
positive as the ionisation energies are low, readily lose their 
valence electrons and converted into positive ions. These 
electrons move from place to place through the empty valence 
orbitals of the closed-packed metal ions and are shared 
simultaneously among all of them. Thus, these electrons link 
all the atoms together forming a characteristic type of bond, 
called the metallic bond. As the shared electrons are 
delocalised, the metallic bond has neither direction nor 
saturation. There are two essential conditions for metallic 
bonding. These conditions are: 

(a) The metal atoms should have low ionisation energy. 

(b) There should be sufficient number of vacant orbitals 
in the valency shell. 

The bonding which holds the metal atoms firmly 
together on account of the force of attraction between metal 
ions and the mobile dectrons is called metallic bonding. 

The strength of the metallic bond depends on the number 
of valency electrons and the charge on the nucleus. As these 
increase, the metallic bond becomes stronger. It provides an 
amwer to the fact that alkali metals are soft and have low 
melting and boiling points while transition metals are hard 
and have high melting and boiling points. The metallic bond 
is usually a strong bond. This explains the hardness, high 
melting and boiling points and low volatility of metals. The 
presence of mobile electrons in the metal crystal explains the 
main properties of metals such as electrical conductivity, 
thermal conductivity, metallic lustre, malleability and 
ductility. 
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Problem 1. (a) Why a molecule is more stable in terms of 
energy than the uncombined atoms? 

Solution: 

When the atoms combine together to form a molecule, there 
is always release of energy. Thus, potential energy of a 
molecule is less than that of uncombined atoms and therefore, 
the molecule is more stable. 

(b) Why sodium chloride does not conduct electricity in solid 
state but does so in molten state? 

Solution: 

Solid sodium chloride has crystalline structure in which 
the ions are not free to move. The ions become mobile when it 
is in molten state and thus, the electricity can be conducted. 

(c) Why H 2 O is a liquid while H 2 S is a gas at ordinary 
temperature? 

Solution: 

Oxygen has high electronegativity than sulphur. As a r^ult, 
H 2 O forms hydrogen bonding. Consequently, molecules of 
water come nearer to each other through hydrogen bonding. 
This results in higher boiling point of water and hence it is a 
liquid. 

(d ) The density of ice is less than that of water or ice floats over 
water. Explain, 

Solution: 

In ice, water molecule is associated with four other 
molecules through hydrogen bonding in a tetrahedral manner, 
i.e., it has open-cage like structure in which lesser molecules 
are packed per mL. When ice melts, the molecules come closer 
to one another. Consequently the density of water in liquid 
state is more than in solid state. Thus, ice floats over water. 

ie) Methanoic acid, HCOOH, has one carbon-oxygen bond of 
length 123 pm, and another of 136 pm. Which bond has which 
length? 

Solution: 

The structure of the molecule is: 


Each bond has part of the character of single bond and part 
of character of a double bond. The electrons are delocalised 
over the three atoms. 

^0" 

(g) Water can react with hydrogen ion to make the oxonium ion, 
H^O^. What is present in water molecule that allows it to react with 
a hydrogen ion? Describe the bonding in the oxonium ion. Draw a 
dot and cross diagram for the molecule. 

Solution: 

There are two lone pairs, but only one of them makes a 
coordinate bond with an empty Is-orbital on a hydrogen atom. 

There are three bonds in tihe H 30 ’^ ion, all the three are 
identical but two of them are covalent and one coordinate. 
The dot and cross diagram is: 

r -p- 

HxOxH 

• X 

H 

Problem 2. Draw dot and eross diagrams for the following 
molecules. Then, use electron repulsion theory to predict their 
shapes. 

(i) CCk, (it) H 2 S, (ni) NT 3 , (it?) NO, (v) AlCk. 

Solution: x x 

(DCCU kC15 

X X • X X X 
X ^ • 1^1 X 

X Vxl X C X X 
XX •X XX 

X X 

Four bond pairs + no lone pairs ^ 4 
Shape—^tetrahedral 

(ii) H2S :S 

• ♦ 

H H 



The double bonded carbon-oxygen bond is shorter than 
the other, Adoublebond between two atoms is always stronger 
and shorter than a single bond between the same atoms. 

(/) Both carbon-oxygen bonds in the methanoate ion,HCOO^, 
have the same length (127 pm). Wfeif does this tell about bonding? 

Solution: 

This is due to the presence of resonance in the mola:ule. 



(iii)NF3 


(iv)NO 


Two bond pairs + two lone pairs = 4 
Shape—^bent like water 

XX ^ m XX 

XX •X XX 

^ X 

X -t X 
X X 

Three bond pairs + one lone pair = 4 
Shape—^pyramidal like NH 3 

• XX 

• XT • X X 

• N • X ^x 
Shape—Linear 

(All diatomic molecules must be linear) 
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(v)AlCl3 


^A 1 • 

^cr- ^ci; 


Three bond pairs + no lone pair = 3 
Shape—triangular planar like BCI 3 

Problem 3. Arrange the following in order of increasing: 

ia) dipole moment H 2 O, H 2 S, BF 3 

(b) covalent character LiCl, LiBr, Lil 

(c) covalent character NaCl, MgOz, AIC /3 

Solution: 

(a) BF 3 is a symmetrical molecule. It has zero dipole 
moment. Oxygen being more electronegative than S, bond 
moment of O—H is more than S—So, the dipole moments 
are in the order of 

BF 3 <H 2 S<H 20 

(b) The anion size in increasing order is 

cr<Br"“<r 

Hence, LiCl is least covalent and Lil most. The order is 


LiCl < LiBr < Lil 

(c) Cation size in decreasing order is 
Na^>Mg 2 -">Al^^ 

Thus, ion has maximum polarisation effect and Na"^ 
ion has least Thus, the covalent order is 
NaCl<MgCl 2 <AlCl 3 

Problem 4 . Write the electron configurations and calculate 
the bond order of H 2 , Hj and Hez^ Explain why bond length in H 2 
is longer than in H 2 ? 

Solution: 


The number of electrons, their configurations, etc., for the 
given species ar^: 


Species 

No. of 

electrons 

Configuration 

Nf, 


B<md order 
= l/2[Mb-NJ 


1 

(ols)^ 

1 

0 

1/2 

H 2 

2 

{alsf 

2 

0 

1 

Hez 

4 

i'als)^(^)^ 

2 

2 

0 


The bond length in H 2 is longer than in H 2 because in Hj 
only one electron is present to shield the two nuclei from mutual 
repulsion. In H 2 there are two electrons to hold the two nuclei 
thus nuclear repulsion is less than that in H 2 . Hence, nuclear 
separation in H 2 is more than in H 2 . 

Problem 5 . (a) A diatomic molecule has a dipole moment of 
1.2 D. If the bond distance is 1.0 A, what fraction of an electronic 
charge, e, exists on each atom? 

Solution: 

- . , , Dipole moment 1.2xl0^^^esucm 

Partial charge = .5- , .7 -=-:-c- 

® Bond distance 10 x 10”^ cm 

= 1.2 X10"^^ esu 


The fraction of an electronic charge 

^ .n =0.25 ==25% of e. 

4.8xl0~^^ 

(b) The dipole moment of LiH is 1.964 x 10“^^ cm and the 
interatomic distance between Li andHin this molecule is 1.596^4. 
What is the per cent ionic character in LiH? 

Solution: 

The dipole moment of 100% ionic molecule (Li’^H”) 

= (1 electronic charge) (interatomic distance) 

= (1.602 X10"^^ 0 (1.596 X lO"^® m) 

= 2.557 X 10"^^ Cm 
Fractional ionic character 

_ Exp. value of dipole moment 
Theoretical value of dipole moment 

1.964x10-^9 ; 

■ 2.557X 10-29! 

The bond in UH is 76.8% ionic. 


Problem 6 . Interpret the non-linear shape of H 2 S molecule 
and non-planar shape of PCl^ asing valence shell electron pair 
repulsion (VSEPR) theory. [LLT. 1998] 

Solution: 

In H 2 S, two bonded pairs and two lone pairs are present, 
i.e., sulphur is in sp^ hybridized state. The angle is less than 
as contracrtion occurs due to presence of lone pairs. 
Thus, H 2 S has V-shaped structure. In PCI 3 , three bonded pairs 
and one lone pair are present, f.e., phosphorus is also in sp^ 
hybridized state but it has pyramidal structure. 

Problem 7, Discuss the hybridization of carbon atoms in 
allene (C 3 H 4 ) and show the %-orbital overlaps. [LLT. 1999] 

Solution: 

I n III 2 

Allene is .CH 2 =C=CH 2 carbon atoms I and HI are in sp 

hybridized state while carbon II is in ^ hybridized state. Two 
unhybridized orbitals of carbon II overlap sidewise with 
unhybridized orbital of each of carbon I and carbdn lU to form 
Ill-bonds besides it also forms a sigma bond with each of the 
carbon atoms using hybridized orbitals. Two hybridized 
orbitals of each of carbon I and in form sigma bonds with 
hydrogen atoms. 



Problem 8 . Explain why o4iydroxybenzaldehyde is a 
liquid at room temperature while p-hydroxybenzaldehyde is 
a high melting solid. [Ll.T. 1999] 
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Solution : o-hydroxybenzaldfehyde show intramolecular hydrogen bonding whereas p-hydroxybenzaldehyde has 
intermolecular hydrogen bonding. Thus, p-hydroxy- benzaldehyde is an aggregate of a number of molecules and therefore, it is 
a high melting solid. 



(o-hydroxybenzaldehyde) Interhydrogen bonding (p-hydroxybenzaldehyde aggregate) 

Intrahydrogen bonding 


Problem 9. In the equation, A + 2B + H2O '■ -> C + 2D 

W =HN02, B = H2SO3, C = NH20m, identify D. Draw the 
structures of A, B, C and D. [I.I.T. 1999] 

Solution: 

HNO2 + 2H2SO3 + H2O NH2OH + 2H2SO4 
(A) (B) (C) (D) 

Structures— 04) HNO2; HO—N=0, 

(B) H2SO3; HO—S^, (C) NH2OH; H—N—OH, 

I I 

OH o H 

y 

{D)H2S04-,H0—S{ 

'X 

OH 

Problem 10. Write the M*0. electron distribution of O2. 
Specify its bond order and magnetic property, {LI.T. 2000] 

Solution: 

O2 (No. of electrons = 16) KK{o2s)Hhsf (7t2p/ 

iT(2pxf{k2py)Hk2px)^ 

Bond order = | (8-4) = 2 

As two of the orbitals are singly occupied, the mol^ule is 
paramagnetic in nature. 

Problem 11. Which of the two peroxide ion or superoxide 
ion has larger bond length? 

Solution: 

The bond length in a molecule is dependent on bond order. 
The higher is the bond order, smaUer wiU be the bond length. 

9— 

Peroxide ion, O2 

C^ima2s)2(^)2(a2p,)2(7i2py)2(7t2p;,)2(n2py)2(fep;,)2 

Bond order = = 1 

Superoxide ion, O2 

Oi: m<y 2 sf(a 2 sf(a 2 pxf( 7 apyfyn 2 pxf(n 2 pyf(kpxf 
Bond order = =1.5 

Bond order of superoxide ion is higher than peroxide ion, 
hence bond length of peroxide ion is larger. 


9 

Problem 12. Which d-orbital is involved in dsp 
hybridization? 

Solution: 

d ^2 ^ yi. This is because its four lobes lie along the x-axis 
and y-axis. The two porbitals can combine along these axes. 

Problem 13. What is the hybrid state ofBeCh? What will be 
the change in the hybrid state of Be in BeCl 2 in the solid state? 

[CB.S.E. (P.M.T.) 20051 

Solution: 

In ,the vapour state, BeCl2/ exists as a linear molecule. 
Cl - Be - Cl, te.. Be is in sp hybridized state. In the solid state, 
it has a polymeric stmctuire. Each Be atom is linked with 4 Cl 
atoms, two by covalent bonds and two by coordinate bonds, 

\e/ \e/ \e/ 

/' \c/ \c./' \c/ \ 

Thus, Be atom is in sp^ hybridized state. Two empty orbitals 
and two half filled orbitals, f.c., in all four orbitab undergo 
hybridization. 

Problem 14. (a) How bond energy varies from N 2 to N 2 and 
why? 

(b) On the basis of molecular orbital theory what is similarity 
between . 

(i) f 2 and o|- m CO, N 2 , NO* ? IC.B.S.E. (P.M.T.) 2004] 

Solution: 

(a) Bond energy of N2 = Bond energy of N2 because bond 
order is same in both the species. [However, N2 is shghtly 
more stable than N2 as antibonding electrons number is 
higher in N2 than in N2 J 

(b) (i) Both F2 and Of” have same bond order same bond 
length and are diamagnetic. 

(ii) These are isoelectronic species, possess same bond 
order and same bond length. 

Problem 15. Arrange the following compounds in the in¬ 
creasing order of bond length (^0—0 bond in O2,02[AsF6l, 

Explain on the basis of ground state electronic configuration of 
dioxygen in these molecules. ILI.T. 20041 
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Solution: 

02 [AsF 5 ] has O 2 ion while KO 2 has O 2 ion. 

E.C. ot02 = KKa(2s9 U2sfG(2pz)^Tti2px)^%i2pyf‘ 

nQpx)^ n(.2py)^ 

E.C. of 02 = KK G{2s9h{.2sfG{2p^9-%(2px?-n{2py9- 

K{2px)^ 

E.C.ofOi= KK G(2s)^ai2s)'^G(.2pzfni2px)^Tt(.2py}^ 

n(.2px)^ k{2py)^ 

B.O. of O 2 =1/2 (8-4) = 2 
B.O. of 05 = 1/2 (8-3) = 2.5 
B.O. of O 2 = l/2(8-5) = 1.5 
Higher is the B.O., smaUer is the bond length. Hence, order 
of O—O bond length is 

O 2 > O 2 > O 2 / f 
O 2 [AsFg] > O 2 > KO 2 


Problem 16, Using VSEPR, draw the molecular structures 
of OSF4 and XeF^ indicating the position of lone pairs and 
hybridization of central atoms. j-j I 2004 ] 

Solution: 



Trigonal bipyramidal Square planar shape 

(sp^d hybridization) (sp^d^ hybridization) 


Problem 17. Which of the following species have same shape 
and same bond order? 


N5.N0i.C02,03 

Solution: 

Isoelectronic species possess same shape and same bond 
order. 

CO 2 and Njare isoelectronic =22 electrons 
Similarly, NfO^ and O 3 are isoelectronic = 24 electrons 
Thus, CO 2 and Nj have same shape and bond order and 
similarly, NO 2 and O 3 have same shape and bond order. 

Problem 18. Apply VSEPR theory to predict the shapes of 
SF^JCl^^PbCkandNHl 

Solution: The Lewis structure of SF 4 is: 

FJH^F 

• X •x 

F F 


S atom is surrounded by five electron pairs (4 bonded and 
one lone pair) thus, the geometry is trigonal bipyramidal. The 
actual shape is see-saw. 


The Lewis structure of ICI 3 is: 


xxxx 


C13< I x Cl 

• x 


Cl 


Iodine is surrounded by five electron pairs (3 bonded and 
two lone pairs). Thus, the geometry is trigonal bipyramidal 
The actual shape is T-shape. 


Cl—I—Cl 
I 

Cl 


The Lewis structure of PbCl 2 is: 

Cl^PbxCl 

Pb is surrounded by three election pairs (2 bonded and one 
lone pair). Thus, the geometry is trigonal planar. The actual 
shape is V-shape, i.e., bent structure. 



The Lewis structure of NH 4 ion is: 

■ H r 

mNxH 

*x 

H 

Nitrogen is surroimded by four bonded pairs. The shape is 
thus tetrahedral. 

, Problem 19. Arrange the following in order of (i) increasing 
N---0 bond length (ii) increasing bond angles. 

Give reasons. 

NOl NOl NO3 

Solution: 

Type of hybridization of central atom, i.e., N atom in NOJ 
is sp hybridized while in NO 2 and NO 3 , it is $p^ hybridized. 
Their structures are: 


O 

II 

O = N = O O'^ Q- 

Bond angles 180“ > 132“ > 120 “ 

Bond order 2 ^ = 1.5 ^±^ = 1.33 

I 3 

Bond lengths NO 2 < NO 2 < NO 3 

Problem 20. Give reasons for the following observations : 

(a) Sucrose is a covalent compound but it is quite soluble in 
water. 

(b) Hydrogen bonding does not exist in HCl though chlorine is 
quite electronegative. 

(c) o-Nitrophenol has lower boiling point than p-nitrophenol 
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Solution: 

(a) The molecule of sucrose contains many —OH groups 
and henc^ are capable of forming H-bbnds with water. 

(b) This is due to large size of Cl-atom. 

(c) p-nitrophenol has higher boiling point due to 
intermolecular H-bonding. 

Problem 21. Indicate the type of bonds present in NH 4 NO 3 
and state mode of hybridization of two N-atoms in it. 

Solution: 

NH 4 NO 3 is an ionic compound in which cation is NH 4 
ion and anion is NO 3 ion. In NH 4 ion, three covalent bonds 
and one coordinate bond is present. The nitrogen is in sp^ 
hybrid state, ie., the species is tetrahedral. In NO 3 , nitrogen 
is in sp^ hybrid state, ie>, the species is trigonal planar. One 
oxygen is linked by a double bond, other by a covalent bond 
and third by a coordinate bond. 


H 1 


:o: 1 

t 


I 



-•’.o. . 0 ;.. 


Problem 22. Explain the shape of ICl 2 ion. 

SoMtion: 

Type of hybridization, H = 1/2 [7 + 2 - 0 + 1 ] = 5, ie., 
sp^d-hybridization. The central atom T xmdergoes sp^d hybrid 
dization^ The electron configuration of hatom in groimd 
state is 5s^ 5p^3py 5pl 5d^. It undergoes hybridization giving 
five hybrid orbitals. Three hybrid orbitals contain Ime pair 
of electrons each and occupy equatorial positions of the 
trigonal bipyramid. One hybrid orbital is half filled, it 
overlaps with an orbital of chlorine atom and forms a 
covalent bond. One hybrid empty orbital accepts an electron 
pair from CHon to form a coordinate bond. The Q-atoms are 
present on axial positions. 



n SUMMARY AND IMPORTANT POINTS TO R6M€MB^ 


1. A chemical bond is defined as a force that acts between two 
or more atoms to hold them together as a stable molecule. 

2. The term valency has been derived from the Latin word 
"valentia' which means capacity. Each element was said to 
have a valency equal to its combining capacity. The number 
of hydrogen or chlorine atoms with which another atom 
combines is called its combining capacity. The valency term 
m now defined as the number of chemical bonds formed by 
an atom in a molecule. The modem concept believes that 
electrons are responsible for chemical combination. The 
atoms interact with each other on account of following 
r^sons : 

(a) Decrease in energy : Bonded state has lower potential 
energy than the unbonded state and hence moie stable. 
When two atoms approach the net result should be 
attraction to form a chemical bond. No chemical bonding 
is possible if net result is repulsion. 

(b) Lewis octet rule : The noble gases consist of filled 
outermost shells. Except for helium, whose electronic 
coixfiguration is Is^, the s- and p- subshells of the highest 
energy level contain a total of eight electrons. The 
configuration constitutes a structure of maximum stabihty 
and therefore, of minimum energy. The atoms of all 
elemente when enter into chemical combination try to 
attain noble gas configuration. The tendency to achieve 
eight electrons in their outermost shell by atoms is known 
as Lewis octet rule. This is the basis of electronic theory 
of valency. 


3. Electronic theory of valency was formulated by Kossel and 
Lewis and was completed by Langmuir, 

The union of two or more atoms involving redistribution of 
electrons in their outeishells (either by transference or 
sharing) in such a way, so that all the atoms acquire stable 
noble gas configuration of minimum energy is known as 
electronic theory of valency. 

There are two ways by which the atoms can acquire noble 
gas configuration, 

(a) By losing or accepting electrons 

(b) By sharing electrons. 

There are three types of bonds or linkages which hold the 
atoms together in a molecule. 

(i) Electrovalent bond 
(M) Covalent bond 
(iii) Coordinate bond. 

4. The chemical bond formed between two or more atoms as a 
restilt of file transfer of one or more electrons from electro- 
pcsitive to electronegative atom is called electrovalent bond. 
This bond is al^ called ionic or polar bond. 

The bond formed between oppositely charged ions is called 
electrovalent bond. This bond is not possible between similar 
atoms. 

5. The energy released when the requisite number of positive 
and negative ions are condensed into crystal to form 1 mole 
of the compoimd is called lattice energy. The force of attraction 
(F) between two oppositely charged ions in air with charges 
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equal to qi and ^2 ^nd separated by a distance d is given by, 

1 ^ 1^2 r^_i_ ^1^2 

47ceo^' 47^0^ (rl + %)^ 

where, K is dielectric constant of medium. 

An ionic bond is purely electrostatic in nature. Its formation 
is favoured by (a) low ionisation potential of electropositive 
metal (b) high electron affinity of electronegative element 
and (c) high lattice energy. 

The summation of these energies should be negative, ie., 
energy is released. 

IP. + E.A. + L.E. = -ive or E.A. + L.E. > IP. 

6 . Compounds having electtovalent bonds are called 
electrovalent compounds. They have following general 
properties: 

(i) Crystalline nature : Electrovalent compounds have 
closed packed structures and ions have no freedom of 
movement. These are not found in liquid or gaseous 
states under ordinary conditions of temperature and 
pressure and exist as solids. They have low volatility 
and high stability- They have high density and high 
melting and boiling points, 

(ii) Hard and brittle 

(iii) Fairly soluble in polar solvents and insoluble in non- 
polar solvents 

(iv) Electrovalent solids do not conduct electricity 

(v) Do riot show stereo-isomerism 

(vi) Show ionic reactions. 

7. Variable electmvalency : Certain elements show more 
than one electrovalency in their electrovalent compounds. 
The following are two reasons for variable valency : 

(a) Instability of the core : The residue configuration left 

after the loss of valency electrons is called a core or kernel 
In the case of the atoms of transition elements, ions formed 
after the loss of valency electrons do not possess a stable 
core as the configuration of the outermost shell is not 
ns^np^ but This shell generally loses one 

or more electrons giving rise to metal ions of higher 
valencies, 

(b) Inert pair effect : Some of the heavier mpresen- 
tative elements of third, fourth and fifth groups having 
configurations of the outermost shell ns^np^, np^ and 
ns^np^ show valencies with a difference of 2, ie,, (1; 3), 
(2; 4), (3; 5) respectively. The reluctance of s-electron pair 
to take part in bond formation is known as inert pair 
effect. 

S. Covalent bond: The second mode of combination was first 
proposed by Lewis in 1916. There are atoms which attain 
noble gas configuration by sharing one or more electron 
pairs when each atom contributes equally. The pair or pairs 
of electrons become a common property of both. Such a bond 
is possible between similar and dissimilar atoim. In this bond 
atoms do not acquire any charge. The electrons which are 
shared, occupy such a position in between the nuclei of the 
two atoms where there is maximum force of attraction from 


the two nuclei. The bond is termed a non-polar bond. 
Covalent bond may be single, double or a triple bond. Double 
and triple covalent bonds are called multiple covalent bond. 

9. Covalency : It is defined as the number of electrons 
contributed by an atom of the element for sharing with other 
atoms as to achieve noble gas configuration. The usual 
covalency of an element except hydrogen is equal to ( 8 - 
group number to which the element belongs in Mendeleev's 
periodic table). This is true for 4th, 5th, 6 th and 7th group 
elements. Generally, the covalency of an element is equal to 
the number of impaired electrons in s- and p- orbitals of the 
valency shell. The elements having vacant d^orbitals in their 
valency shell like P, S, Q, Br, I show variable covalehcy by 
increasing the number of impaired electrons under excited 
conditions. 

10. Covalent compounds : The compoimds containing a 
covalent bond or a number of covalent bonds are termed 
covalent compounds. The characteristics of the covalent 
compounds are : 

(i) These exist as gases or liquids under normal conditions 
as very weak attractive forces exist between the 
molecules, some exist as soft solids if the molecular 
masses are high. 

(ii) With the exception of few having giant structures, others 
have relatively low melting and boiling points. 

(iii) Covalent compounds are, in general, bad conductors of 
electricity. 

(iv) Covalent compounds are insoluble in polar solvents 
and soluble in non-polar solvents. This is based on the 
principle 'Like dissolves like'. 

(v) Show molecular reactions. 

(vi) The covalent bond is rigid and directional. Covalent 
compounds show isomerism. 

IL Coordinate bond is a special type of covalent bond. It is 
defined as a covalent bond in which both electrons of the 
shared pair are contributed by one of the two atoms. Such a 
bond is also called as dative bond.TMs bond is established 
between two such atoms, one of which has a complete octet 
and possesses a pair of valency electrons (donor) while the 
other is short of a pair of electrons (acceptor). The properties 
of coordinate compounds are intermediate between the 
properties of covalent compounds and electrovalent 
compounds. 

IZ There are several stable molecules such as BeCl 2 , BF 3 , PCI 5 , 
SF 5 , IFy, etc., in which octet rule is violated, ie., atoms in 
these molecules are either short of octet (less than 8 electrons 
in the valency shell) dr more than octet. 

IZ Lewis dot formulae are used to represent atoms covalently 
bonded in a molecule or a polyatomic ion. 

Lewis dot formulae show only the number of valency 
electrons, the number and kinds of bonds but do not depict 
the three dimensional shapes of molecules and polyatomic 
ions. The formal charge on the atorm in a Lewis dot structure 
of a molecule or polyatomic ion can be calculated by the 
application of following formuda : 
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Formal charge on = total number of valency electrons 
an atom in the free atom - total number of non¬ 

bonding electrons - 1/2 total numl^r 
of bonding shared electrons 

14. A covalent bond, in which electrons are shared unequally 
and the bonded atoms acquire a partial positive and negative 
charge is called a polar covalent bond. Bond polarity is 
described in terms of ionic character which usually increases 
with increasing difference in the electronegativity between 
bonded atoms. 

Percentage of ionic character = [16 (X^ - X^) + 3.5 (X^ Xg)^] 
where X^ and Xg are electronegativity of atoms A and B. 
50% ionic character corresponds to (X^ - Xg) equal to 2.1. 

15. The polarity of the molecule is indicated in terms of dipole 
moment. Dipole moment is defined as the product of the 
distance separating charges of equal magnitude and opposite 
sign with the magnitude of the charge. 

p = electric charge x bond length -qxd 

Dipole moment is measured in 'Debye' unit (D). ID = 10“^^ 
esu cm = 3.33 x 10“^ coulomb metre. The value of dipole 
moment inaeases as the electronegativity differ^ce in 
diatomic molecule increases. Greater the value of dipole 
moment of the molecule, greater the polarity of the bond 
between the atoms. The overall dipole moment of a polar 
molecule depends on the geometry and shape of the 
molecule. 

Linear molecules like CO 2 , CS 2 , BeF 2 and symmetrical 
moteules like BF 3 , CH 4 , CCI 4 , etc., have zero dipole moment. 

Percentage of ionic character in a bond 

Experimental value of dipole moment 
Theoretical value of dipole moment ^ 

16. The attractive force that binds hydrogen atom of one molecule 
with electronegative atom of the other molecule of the same 
or different substance is known as hydrogen bond. Hydrogen 
bonding occurs when H-atom is linked to F, O or N atoms 
(i.e., with small size and high electronegativity). H~-bond is 
usually longer than the covalent bond present in the 
molecule. Bond energy of hydrogen bond is in the range of 3 
to 10 kcal moH (10 to 40 kJmoH), i.e., about 1/10 the energy 
of the covalent bond. Hydrogen bond strength increases with 
the increase in electronegativity and decrease in size of the 
atom. 

H—F---H > H—0--H >H—N---H 
Hydrogen bond never involves more than two atoms. All 
the three atoms X—^H- ~ 'X lie in the straight line. 

17. (a) In water, each O-atom is linked with four H-atoms, two 

by* covalent bonds and two by hydrogen bonds. 

(b) HFJ (or KHF 2 ) exists but HCI 5 (or KHCI 2 ) does not 
because there is hydrogen bonding in HF btft not in HCl. 

(c) G1 has same electronegativity as N, yet there is no 
H-bonding in HCl because size of Cl is large, 

(d) Intermolecular H-bonding results in increase in melting 


and boiling points whereas intramolecular H-bonding 
results in decrease in melting and boiling points. 

(e) Ice has maximum density at 4%Z (277K). 

18. When anions and cations approach each other, the valence 
shells of the anions are pulled towards cation nucleus and 
thus, the shape of anion is deformed. This phenomenon of 
deformation of anion by a cation is known as polarization 
and the ability of the cation to polarize a nearby anion is 
called as polarizing power of the cation. 

Fajan observed that greater the polarization of the anion in 
the molecule, more is the covalent character in it. 

19. Valeiice bond theory : This theory was presented by Heitler 
and London in 1927 to explain how a covalent bond is formed. 
The theory was extended by Pauling and Slater in 1931 .The 
main points of the theory are: 

(i) A covalent bond is formed by overlapping of atomic 
orbitals of valency shell of two atoms. 

(ii) Only half filled atomic orbitals, i.e,, orbitals singly 
occupied with opposite spins can enter into over¬ 
lapping process. The resultant bond acquires a pair of 
electrons with opposite spins. 

(iii) The atoms with half filled orbitals must come closer to 
one another with their axes in proper directions for 
overlapping. 

(iv) As a result of overlapping, there is maximum electron 
density somewhem between the two atoms. 

(v) Greater the overlapping, higher is the strength of the 
chemical bond. The amount of energy released per mole 
during overlapping is termed bond energy. This energy 
stabilizes the system. 

(vi) Greater the overlapping, lesser will be the bond length, 

(vii) Electrons which are already paired in valency shell can 
enter into bond formation if they can be unpaired first 
and shifted to vacant orbitals. 

(viii) Two types of bonds are formed. These are (a) sigma (o) 
and (b) pi (tc) bond. Bond orbital which is S 3 mmetrical 
about the line joining the two nuclei is known as sigma 
bond. It is formed by head on or axial overlap, ic-bonds 
are formed by the sidewise or lateral overlapping of p- 
orbitals. 

ic-bond is a weaker bond in comparkon to sigma bond. The 
bond orbitals lie below and above the internuclear axis, 
jc-bonds are formed only when o-bond has already been 
formed, it-bonds are more reactive than sigma bonds. The 
shape of the molecule is decided by o-bonds. n-electrons are 
mobile in nature. A double bond consists one o-bond and 
one 7C-bohd while a triple bond consists one o-bond and two 
rtonds. All single bonds are sigma bonds. 

Bond strength : Single bond < Double bond < Triple bond 

Bond length ; Single bond > Double bond > Triple bond 

Reactivity : Single bond < Double bond < Triple bond 

20 . Hybridization : The valence bond theory explains 
satisfactorily the formation of various molecules but fails to 
account the geometry and shapes of various molecules. 
Hybridization is a hypothetical concept. The proc^ of 
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mixing or amalgamation of atomic orbitals of nearly same energy to produce a set of entirely new orbitals of equivalent energy 
is known as hybridization. 

Number of hybrid orbitals formed = number of atomic orbitals mixed 

Most of the hybrid orbitals are similar but they are not necessarily identical in shape. They never form E-bonds. 


Type of 
hybridization 

No. of hybrid 
orbitals 

Shape of molecule 

Bond angle 

Examples 

sp 

2 

linear 

180° 

NjO, [Ag(CN)2r, BeClj, BeF 2 , CO 2 , CSj, C 2 H 2 , HgClj, HCN 

sp^ 

3 

. Triangular planar 

120 ° 

BF 3 , BCI 3 , C 2 H 4 , COi" SO 3 , NOi, 

sp^ 

4 

Tetrahedral 

109.5° 

CH4, CCI4, SiF4, NH|, SC^- 

dsp^ 

4 

Square planar 

90° 

[PtCL,]^- [Ni(CN) 4 F- 

dsp^ or sp^d 

5 

Trigonal bipyramidal 

120° and 90° 

PCI 5 , PF 5 , [Fe(CO) 5 ] 

dhp^ or sp^d^ 

6 

Octahedral 

90° 

SF 6 ,UF 6 ,TeF 6 

d^sp^ or sjPd^ 

7 

Pentagonal bipyramidal 

72° and 90° 

IF 7 


Hybridization and Structures of Molecules having Lone Pair or Pairs 


Type of 
molecule 

No. of bonded 
paii/pairs of 
elections 

No. of lone 
pair/pairs of 
electrons 

Hybridization Bond angle 

Expected 

geometry 

Actual 

geometry 

(shape) 

Examples 

AX2 

2 

1 

2 

sp"^ 

< 120 ° - 

Trigonal 

planar 

V-shaper or 
Bent molecule 

SnCIl2/ 

Pba2, NO2 

AX2 

2 

2 

sp^ 

<109°28' 

Tetrahedral 

V-shape 

H2O, H2S, NHi, SCI2, OF2, 
CI2O, H2Se, CIO5, aOF 

AX2 

2 

3 

Bp^d 

180° 

Trigonal 

bipyramidal 

Linear 

XeF2,13, ICI5 

AX3 

3 

2 

$p^ d 

90° 

Trigonal bipyramidal T-shaped 

CIF3, ICI3, BrFs, XeOF2 

AX3 

3 

1 

sp^ 

<109°28' 

Tetrahedral 

Pyramidal 

NH3, PH3, PCI3, Bia3,AsCl3, 
NF3, PF3, XeOj, ClOi, 
P(CH3)3, 

AX4 

4 

1 

sp^d 

120 °, 90° 

Trigonal 

bipyramidal 

Trigonal 

pyramidal 

SF4, SCI4, TeCl4, Xe02F2 

AX4 

4 

2 

sp^d^ 


Octahedral 

Square 

planar 

XeF4, ICI4 

AXs 

5 

1 

sp^d^ 

<90° 

Octahedral 

Square pyramidal IF5, BrFs, SbPs 

AXfi 

6 

1 

sp^d^ 


Pentagonal 

pyramidal 

Distorted 

Octahedral 

•XeF6,SF6 


22 , (a) The hybridization of carbon in CH 4 , C 2 H 4 and C 2 H 2 is 

sjr and sp respectively. The bond angles are 109.5°, 
120 ° and 180° respectively. 

(b) The hybridization of Oatom in H 2 O and that of N-atom 
in ammonia is The shape of H 2 O is ¥-shape (bent 
molecule) while that of NH 3 m pyramidal. The bond 
angles are 104.5° and 106.5° respectively. 

(c) The hybridization of C-atom in H 30 "^ ion and that of 
N-atom in NH 4 ion is sp^. The shape of H 30 ^ is pyramidal 
while that of is tetrahedral. 

(d) The percentage of s-character in sp^, sp^ and $p is 25%, 
33% and 50% respectively. Order of size of orbitals: sp < 
sp^ < sp^. 

(e) IMamond involves sp^ hybridization. It is hard and a Imd 
conductor of electricity. Graphite involves sp^ hybridi¬ 
zation, It is soft and a good conductor of electricity. 

23. If two or more alternate valence bond structures can be written 
for a molecule, the actual structure is said to be a resonance 
or mesomeric hybrid of all these alternate stmctuies. Actually 
resonance hybrid does not oscillate between the various 


mesomeric forms but it is a definite form and has a definite 
structure which cannot be written on paper. 

Resonance hybrid has lower energy than any of contributing 
structures and hence is more stable. Resonating structures 
should have same position of atoms, same number of paired 
and unpaired electrons, almost equal energy. They differ only 
in the arrangement of electrons with a restriction that like 
charges should not reside on atoms closer together. 

24. Valence shell electron pair repidsion (VSEPR): The VSEPR 
model developed by Gillespie and Nyholm in 1957 used for 
predicting the geometrical shapes of molecules is based on 
the assumption that electron pairs repel each other and 
therefore, tend to remain as far apart as possible. The 
molecular geometry is determined by repulsions between 
lone pairs and lone pairs; lone pairs and bonding pairs and 
bonding pairs and bonding pairs. The order of these 
repulsions is : Ip—Ip > Ip—^bp > bp—^bp. 

25. Molecular orbital theory of chemical bonding is more 
rational and more useful in comparison bo valence bond 
theory. This theory was presented by Himd and MuUikan. 
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According to this theory, all the atomic orbitals of the atoms 
participating in molecule formation get disturbed when the 
concerned nuclei approach nearer. They all get mixed upto 
give rise to an equiv^ent nixmber of new orbitals that belong 
to the molecule now. These are called molecular orbitals. 
The electrons belonging originally to participating atoms 
are now considered to be moving along the molecular orbitals 
under the mfluence of all the nuclei. The molecular orbitals 
are, thus, polycentric. 

Molecular orbitals of a molecule are obtained by linear 
combination of atomic orbitals of the bonded atoms. When 
waves are combined, they may interact either constructively 
or destructively. When the atomic orbitals overlap in phase, 
constructive interaction occurs in the region between the two 
nuclei and a bonding orbital is produced. The energy of 
bonding orbital is always lower (more stable) than the 
energies of the combining atomic orbitals. When they overlap 
out of phase, destructive interference occurs and anti- 
bonding orbital is produced. The energy of antibonding 
orbital is higher (less stable) than the energies of the 
combining atomic orbitals. The filling of molecular orbitals 
by electrons follows aufbau principle, Hxmd% rule and Paulies 
exclusion principle. Greek symbols, a, 7t and 5 are used to 
denote the molecular orbitals. 

The molecular orbitals involved in the formation of most of 
the molecules are: 


consists of positively charged ions called kernels in a sea of 
mobile electrons. The metallic bond is formed due to 
simultaneous attraction of mobile electrons by the kernels. 
According to 'valence bond modeT or 'resonance model' the 
covalent bond present between metal atoms resonates among 
the neighbouring metal atoms^ 

According to 'bond model' or 'molecular orbital approach' 
atomic orbitals merge to form energy bonds, A substance is 
a conductor when the electrons can be readily promoted to 
the conduction band where they are free to move through 
the substance. In insulators, the energy gap between the 
valence band and the conduction band is so large that the 
electrons cannot be promoted to the conduction band. In 
semiconductors, electrons can cross the energy gap at high 
temperatures. 

27. (a) Isoelectronic species have the same shape and same bond 
order. 

(b) The rf-orbital taking part in dsfp- hybridization is 

in sp^d hybridization it is d^i and in sj^d^, the two 
rf-orbitals involved are d^ _ yi and d^i. In sp^d^ 
hybridization, the fi-orbitals involved are dy^, dy 2 . and 

(c) The bond lengths of O 2 and its ions are in the order 

Of > O 2 > O 2 > OJ 


Bonding orbitals als 02s 02^^ %2py r^p^ 

Antibonding orbitals ols a2s alp^ %2py nlp^ 

The sequence of molecular orbitals on the basis of energy for 
O 2 , F 2 and Ne 2 molecules is: 

0 ls < 0ls < 02 s < 02s < 02^2 < 

and the sequence of molecular orbitals for B 2 , C 2 / N 2 
molecules is: 

0ls < 0ls < 02s < 62s < ^ blpz 


The maximum number of electrons which can be accommo¬ 
dated in a molecular orbital is two. If there are two molmilar 
orbitals having same energy, the electrons will first enter 
these singly and both of them have achieved one electron 
each, pairing will start. 

A molecule is formed only when the total energy of the system 
decreases. This is only possible when the bonding electrons 
are more than antibonding electrons. 

The number of covalent bonds in a rriolecule is indicated by 
bond order. 


Bond order = 


^number of electrons in 
bonding MO‘s 


number of ela:trons in 
antibonding MO’s 


as their bond ordem are 1,1.5, 2 and 2.5 respectively. 
Bond length - boSdbder 


(d) H-atom always forms sigma bond. 

(e) As the s-character increases in hybridized orbitals, the 
size becomes smaller of the hybridized orbitals. The bond 
length decreases while bond energy increases. 

(f) Isosteres are molecules containing same number of 
atoms and electrons. For example, CO and N 2 . 

(g) There are a number of stable molecules in which the 
bonds are, formed by sharing of an odd number of 
electrons. Such type of bonds are called odd electron 
bonds. Some common examples are : 


N = 


O 



Nitric oxide 
(NO) 


Nitrogen dioxide 
(NO 2 ) 


o 


• • • 
• • • 


o 


o- 

• • 


o 


Oxygen Super oxide ion 

{O2) 


(a) Greater the bond order of a diatomic molecule or ion, 
the more stable it will be. 

(b) Greater bond energy indicates the greater stability of the 
bond. 

(c) Fractional bond order indicates ion. 

(d) Negative bond order is impossible. It rather indicates 
instability. The species does not exist. 

(e) Zero bond order also indicates that species dc^s not exist. 

26. According to 'electron sea model' of metallic bond, metal 


(h) Electrovalent bonding is strongest while hydrogen 
bonding is weakest. 

(i) The stability of N 2 and its ions is in the order 

N 2 > N 2 = Ni > N|" 

as their bond ordem are 3,2.5, 2.5 and 2 respectively. 

{j) Out of O 2 , of O 2 and Of the diamagnetic species is 

or. 
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PRACTICE PROBLEMS 



■ Su b jecti ve T y pe Questions 

(a) Write Lewis dot s3mabols for the following atoms and 
ions: 

(i) S and (ii) AI and 

(iii) Br and Br" (iv) O and tf" 

(v) Sr and Sr'^'^ 

(b) Draw Lewis structures for the following iordc 
compounds: 

(i) MgS (ii) AIN (iii) CaBr2 

2 , (a) Which one h^ higher lattice energy? 

NaCl or CsCl 

(b) How is lattice energy related with stability of an ionic 
compotmd? 

(c) Why are MgO, AI2O3, etc., used as refractory materials? 

3, Assign formal charges to each atom in the following 
structures. Based on formal charges, which is the preferred 
Lewis structure for the molecule, the dinitrogen monoxide? 

(a) :n^n=o: (b):N^N~o: 

• m 

4, (a) Identify the compounds in the following in which S does 

not obey octet rule. 

SO2, SF2, SF4, SFe 

0:?) Arrange the following in increasing order of dipole 
moment. 

(i) CH3I, CHgBr, CH3F, CH3CI 

(ii) BF3, H2S, H2O 

5, (a) State whether the following are ionic or covalent: 

(i) Na2S (ii) SnCl4 (iii) diamond (iv) CaC2 

(v) NaH (vi) C2H4 (vii) CaCl2 (viii) HCl gas 

(ix) NHt (x) KBr 

(b) Indicate whether the following pairs of elements form 
ionic or covalent compounds and write down the 
molecular formula of the compound formed. 

(i) sodium and chlorine (ii) carbon and sulphur 

(iii) sulphur and oxygen (iv) calcium and hydrogen 

(c) What type of bonds are present in the following 
molecules? 

(i) MgFa (ii) BrCl (iii) CBr4 (iv) C2N2 (v) CuS 

(vi) H2O (vii) H2SO4 (viii) SO2 (ix) HNO3 

(x) K4Fe(CN)6 

(d) What type of chemical bond is formed between two 
atoms when: 

(i) electronegativity difference is zero. 

(ii) electronegativity difference is small. 

(iii) electronegativity difference is high. 

6, (i) Among the following, 

NaCl, CCI4, HCl and CH4 which is a polar compound? 

(ii) Which among the following, 

H2O, NH3, BF3 and NH4 possesses a coordinate bond? 

(iii) Among the compounds CH3COOH, NH3, HF and CH4 
in which maximum hydrogen bonding is present? 


(iv) Amongst LiF and Lil which has more covalent 
character? 

(v) Amongst a-hydroxybenzaldehyde and p-hydroxy- 
benzaldehyde which is more soluble in water? 

(vi) Which among the following have highest lattice 
energy? 

NaCl, KCl, CsCl 

(vii) Which one of the following is non-polar? 

SO2, CHCI3, CO2, H2O, NH3 
(viii) Which one of the following has strongest bond? 

HF, HCl, HBr, HI 

7* Arrange the following in each as instructed: 

(i) O, F, S, Cl, N in order of increasing strength of hydrogen 

bonding (X - - - H-~-X). [M.L.N.R. 1993] 

(ii) N2, O2, F2, CI2 in increasing order of bond dissociation 
energy. 

(iii) NOI/ NC^, NO3 in order of increasing N—O bond 

length. [M.L.N.R. 1993] 

(iv) C^—C, C—C, in order of increasing bond energy. 

(v) C^—C, C=C, CsC in order of increasing bond length, 

(vi) PH3, ASH3, SbH3, NH3 in order of increasing polarity. 

(vii) H2O, NH3, CH4, SF^, BF3, CO2 in order of incr^sing 
bond angle. 

(viii) MgO, CaO, SrO, BaO in order of increasing lattice energy. 

(ix) Arrange the following in order of increasing bond order, 

N2, F2, O2, Oi, 0^2 

(x) NO, NO*^ and NO“ in increasing order of bond length. 
8» Answer the following: 

(i) How many electron pairs are shared in N2 molecule? 

(ii) What is the valency of carbon in C2^4 ^nd C2H2? 

(iii) Which hybridization is predicted for P in PF5 and S 
inSF^? 

(iv) What types of bonds and how many of each are present 
in NHt? ■ 

(v) Which hybridization is predicted for Cl in CIF3? 

(vi) Why the bond angle in H2O is greater than 9(f ? 

(vii) What is the shape of acetylene molecule? 

(viii) Why zero group elements are inert in nature? 

(ix) Which type of elements can form electrovalent bond? 

(x) What t3^e of bond is formed by sharing an electron pair? 

(xi) Which type of bond exists in molecule NO? 

(xii) What type of hydrogen bonding exists in liquid water? 
(xiii) What type of hydrogen bonding exists in ortho- 

chlorophenol? 

(xiv) How many orbitals are singly occupied in O2 molecule? 

(xv) Why Neon molecule (Ne2) is not possible? 

(xvi) What is magnetic nature of O2” species? 
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9. (a) Two elements A and B combine to form a compound 

AB. Under what conditions the bond formed will be 
electrovalent? 

(b) Two elements A and B combine to form a compound 
AB, Under what conditions the compound formed will 
be covalent? 

(c) Two elements A and B participate by sharing electrons 
in chemical bonding. B does not contribute any electron 
of its own. What type of bond is formed? 

(d) Atoms A, B and C occur in same period and have one, 
six and seven valence electrons respecti^’^ely. 

(i) Will the bond between B and C predominently ionic 
or covalent? Explain. 

(ii) Write the etetronic structure of the compound 
formed between B and C. 

(iii) WiU the bond between A and B predominently ionic 
or covalent? Explain. 

(e) Three elements A, B and C have atomic numbers Z~2, Z 
and Z + 1 respectively. Of these, B is an inert gas. 

(i) Which one has the highest value of electro- 
negativity? 

(ii) Which one has the highest value of ionisation 
potential? 

(iii) What is formula of compoimd between A and C? 

(iv) What will be the nature of the bond between A and 
C in the compotmd formed ? 

10. (i) Write the two resonance structures of ozone which 

satisfy the octet rule. [LLT 1991] 

(ii) Write the two resonance structures of N 2 O that 

satisfy the octet rule. [I.LT 1990] 

(iii) Write the resonance structures of carbonate ion. 

(iv) Write the resonance structures of N 3 ion. 

(v) Write the resonance structures of NO 5 ion. 

(vi) Write the resonance structures of SC^"ion. 

11. Write down the Lewis formula or electron dot formula of 
the following compounds: 

(a) (i) SiCl 4 (ii) CO 2 (iii) POi (iv) H 2 O 2 

(b) (i) O 3 (ii) COa 2 (iii) N 2 O 5 (iv) S 2 OI" 

(v) CIO 5 (vi) CO (vii) SO 2 CI 2 (viii) P 20 ^ 

(ix) N 2 O 4 (x) NHt 

12 . Write down the hybridization of the central atom and 
geometry of the following molecules or ions: 

(a) I 3 (b) PbCl 4 (c) ICli (d) XeF 4 (e) 

(f) CIF3 (g) HOCl. 

13. (a) Which of the following species has greater polarising 

power? 

(i) or Fe^'^ (ii) Cu"^ or Na^ (iii) Mg^"^ or 

(b) Which of the following species will be mcBt susceptible 

to polarisation? ^ 

(i) Br- or T (ii) or (iii) N®- or 

(c) Which compound of each of the following paim is more 
covalent? 

(i) CuO or CuS 


(iii) PbCl2 or PbC^ (iv) AICI3 or GaCl3 

(v) LiCl or KCl (vi) BeCl2 or MgCl2 

(d) Which of the following pairs of bonds contain the larger 
ionic contribution to the bonding? 

(i) K'—r or (ii) or O^- 

(e) Whidi of the following species has higher melting point? 

(i) MaCl or CuCl (ii) CaF 2 or Cal 2 

(iii)CaCl 2 or CdCl 2 

14. (a) What type of bond is normally expected between: 

(i) a small cation and large anion. 

(ii) two electronegative atoms. 

(iii) a highly electropositive and highly electronegative 
atoms. 

(iv) an atom with a completed octet and an atom with 
a sextet of electrons? 

(b) Give one e>^mple of each: 

(i) A molecule with central atom devoid of octet. 

(ii) A molecule with linear shape, 

(iii) An ionic compound insoluble in water. 

(iv) Almost a non-|x>lar covalent compound between 
two different atoms. 

(v) A stable compound formed by combination of two 
stable compoimds through coordination. 

(vi) A compoimd which is bad conductor in gaseous 
state but ite aqueous solution is a good conductor 
of current. 

(vii) A compound whose central atom undergoes sp^ 
hybridization pc^sesses bond angle about 106.5®. 

(c) (i) Which one of than is more ionic and why? LiC. 

NaCl 

(ii) Which one of them is having higher melting point 
and why? AICI3, MgCls 

(iii) Which one of them is a good conductor of electricity 
and why? NaCl, CH4 

(iv) Which one of them is pyramidal and why? BCI3, 
NH3 

(v) Which one of them is a liquid and why? HF, H2S 

15. Explain with suitable examples or write short notes on: 

(i) Electrovalency (ix) Octet rule 

(ii) Covalency (x) Dipole moment 

(iii) Coordinate valency (xi) Hybridization 

(iv) Hydrogen bonding (xii) Fajan's rules 

(v) Metallic bonding (xiii) Sigma and ir-bonds 

(vi) Variable valency (xiv) Bond order 

(vii) Inert pair effect (xv) Lattice energy 

(viii) R^onance (xvi) Polar and non-polar 

bonds 

16. Give reasons for the following: 

(i) The boiling point of ethyl alcohol is much higher than 
that of diethyl ether. 

[Hint : Hydro^n bonding is present in alcohol. It is an 
associated liquid. No hydrogen bonding is present 
in diethyl ether.] 

(ii) BCI3 and BF3 are non-polar. 

THint : Both are triangular planar and S3rmmetrical 
molecules. Their dipole moments are zero.] 


(ii) Aga or Agl 



(iii) Water is good solvent for ionic compounds. 

[Mini : Water has high dielectric constant and polar in 
nature. These properties help in the ionisation of 
ionic compounds.] 

(iv) MgCl2 is linear but SnCl2 is angular. 

[M.L.N.R. 1995] 

[Hint : In MgCl 2 ^ is sp hybridized while in SnCl 2 r Sn is 
sp^ hybridized.] 

(v) NCI5 does not exist while PCI5 does. 

[Hint : in N-atom fl-orbitals are not present while in P-atom 
rf-orbitals are present and ns electron can be shifted 
to nd-orbitsd.] 

(vi) Lead prefers to form divalent compounds. 

[Hint : ns^ pair of electrons inert and only two electror^ of 
np-orbitals participate. This is due to inner 
penetration of ns-orbitaL] 

(vii) Sigma bond is more stronger than ic-bond. 

[Hint : In sigma bond greater overlapping takes place,] 

(viii) CH4, NH3 and H2O contain same number of electrons 

but their shapes are different. 

[Hint : The central atom in each of the three molecules CH 4 , 
NH 3 and H 2 O undergoes sp^ hybridization. In CH 4 , 
no lone pair is present. In NH 3 one lone pair is 
present while in water two lone pairs are present.] 


H 


(Tetrahedral) 


^ (Pyramidal structure) 


H H H H H H 

Bond angle 109 ^ 28 ' Bond angle 106 . 5 ° 

/^(V-shape) 

/% 

H H 

Bond angle 104 . 5 ° 


(ix) Calcium fluoride is more ionic than Cal2. 

[Hint : The size of I ion is bigger than ions. In Cal 2 / 
therefore, more polarisation is present. Thus, CaF 2 
is more ionic than Cal 2 .] 

(x) Ammonium salts are much more soluble in water than 
the corresponding sodium salts. 

[Hint : Na'^ ion is solvated by ion-dipole interaction while 
NH 4 ion is solvated by H-bonding which is a 
stronger attractive force.] 

(xi) Carbon has two electrons in the outermost, but it is 
tetravalent in organic compounds. 

[Hint j Since, all the four valencies of caibon are identical, 
2 s electron is shifted to one of the vacant p-orbital 
with the result four unpaired orbitals are present. 
Ihese undergo hybridization and form four hybrid 
orbitals,] 

(xii) Why BeF2 and BF3 are stable though Be and B have 
less than 8 electrons? Which one is more stable? 

[Hint : The stability is explained by symmetrical linear 

structure for BeF 2 and triangular planar structure 
for BF 3 , BeF 2 is more stable because of its greater 
bond angle ( 180 °).] 
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(xiii) Though the electronegativities of nitrogen and chlorine 
are same, NH3 exists as Mquid where^ HCl as gas. 
Why? 

[Hint : The size of nitrogen is less than the size of chlorine. 
Therefore, electron density in nitro^n is more than 
that of chlorine. So, nitrogen forms hydrogen bonding 
leading to association of moleciales. Hence, NH 3 is 
a liquid. Hydrogen bonding is not possible with 
chlorine.] 

(xiv) Why the repulsions between non-bpnded orbitals are 
greater than betw^n the bonded orbitals? 

[Hint : The non-bonded orbitals relatively occupy more 
space compared to the bonded orbitals and thus 
repulsions are greater.] 

(xv) Although CO2 has no dipole moment, SO2 and H2O 
have considerable dipole moments. 

[Hint : CO 2 has linear structure while SO 2 and H 2 O have 
V-shaped structures.] 



Dipole moments 0.0 1.60 1.84 

(xvi) Nitrogen trifluoiide (NF3) and ammonia (NH3) have 
identical shape and a lone pair of electrons on nitrogen 
and further the electronegativity difference between 
the elements is nearly the same but the dipole moment 
of NH3 is very high in comparison to NF3. 

[Hint : It is due to different directions of moments of the 
N^^H and N--~F bonds.] 

(xvii) Although formation of NH3 and H2O molecules 
involve sp^ hybridization, their bond angles are shorter 
than the normal tetrahedral angle. 

[Hint s This is due to the presence of one lone pair of 
electrons on nitrogen atom in NH 3 and two lone 
pairs of electrons on oxygen atom in H 2 O.I 

(xviii) Bond order in N2 is 3 whereas it is 2.5 in NO. 

[MX,N.R. 1994} 

[Hint : N 2 = ms)Hks)Ho2s)Hks)H(f2pfin2py 

Bond order = | (10 - 4) = 3 
NO = ials)Hhsfia2s)Khsfi<s2p^^^ 

Bond order = | (10 - 5) = 2.5] 

(xix) Thi^ carbon-oxygen bonds are equal in carbonate ion. 
[Hint : The carbonate ion exhibits resonance and therefore, 

all the three C—O Ix^nds are equal] 

(xx) Valency of oxygen is generally two whereas sulphur 
shows valency of two, four and six, 

[Hint : There are no d-orbitals in oxygen hence it cannot 
extend its covalency. Vacant d-orbitals are present 
in sulphur and paired orbitals can be unpaired by 
shifting electrons to tl-orbitals, i>., either making four 
orbitals singly occupied or six orbitals singly 
occupied showing valency 4 or 6 besides 2,] 

(xxi) SnCl2 is ionic but SnCl4 is covalent. 

[Hint : The size of Sn^”^ ion is smaller than Sn^"** ion. Hence, 
polarisation or distortion is more in SnC^z so, it is 
covalent.] 
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(xxii) NF 3 is weaker base than NH 3 , NCI 3 , NBr 3 and NI 3 . 
[Hint t It is due to larger electronegativity of F-atoms of 
NF 3 . The lone pair is most difficult to be donated. 

(xxiii) BaS 04 is insoluble in water. 

[Hint ; Lattice energy is more than hydration energy.] 

(xxiv) NO molecule is paramagnetic. 

[Hint : The molecule contains one unpaired electron in its 
three electron bond.) 

(xxv) Compounds of normal elements are diamagnetic. 

[Hint ; Normal elements acquire inert gas configuration in 
compounds, z.e., aO the orbitals are doubly occupied 
and thus, compounds are diamagneiL.j 

(xxvi) Anhydrous HCl is bad conductor but in aqueous 
medium, it is good conductor of current.^ 

[Hint i HCl is a covalent compound and in gas^us state, 
it does not conduct current. In water, however it 
reacts to form ions, HCl + H 2 O ^ H 3 O+ + CL 
and thus conducts current.] 

(xxvii) A bond order of 3 is computed for the diatomic 
molecule. It is possible that in the absence of further 
information, this triple bond may be made up of two 
0 -and one it-bonds. Explain. 

[Hint Not possible. The order of filling orbitals and the 
differentiations existing among bonding, antibond¬ 
ing and non-bonding electrons, never permit the 
establishing more than one sigma bond.] 

(xxviii) Diamond is a hard solid with a very high melting point 
but a non-conductor of electricity. 

[Hint : Diamond is a giant molecule-three dimensional 
figure as every carbon is sp^ hybridized, i.e., one 
carbon atom is linked to four other carbon atoms 
tetrahedrally. Due to continuous covalent bonding 
all the atoms are held very closely and strongly. As 
a result, diamond is a very hard solid with high 
melting point. It is bad conductor as free electrons 
are not available.] 

(xxix) AICI 3 is largely covalent while AIF 3 is largely ionic. 

rMX.N.R. 1995] 

[Hint : Due to larger size of Cl" ion than F“ ion, there is 
greater degree of distortion in AICI 3 .] 

17 , Give reasons for the following: 

(a) Carbon-oxygen bond lengths in Na 2 C 03 are equal. 
[Hint ; Bond lengths are equal due to resonance in 

carbonate ionj 

(b) BeG 2 1 ^® 2 ;ero dipole moment while SnCl 2 has a 
dipole moment. 

[Hint : BeCl 2 has a linear structure while SnCb has angular 
shape.] 

(c) Among planar structure, why the linear structure is 
more stable than trigonal and square planar? 

[Hint : Among planar stractures, stability increases with an 
increase in the bond angle. The bond angle is 
maximum (180°) in linear structure.] 

(d) Why do cotton clothes take a long time to dry as 
compared to synthetic clothes. 

[Hint : Cotton fibres form hydrogen bonds with water 
molecules.] 

(e) Benzene molecule is stable inspite of the fact that it 
consists of three double bond. 

[Hint : Resonance exists in benzene molecule.] 


18. Dipole moment of KCl is 3.336 x 10”^^ coulomb metre which 
indicates that it is highly polar molecule. The interatomic 
distance between and Cl" in this molecule is 2.6 x 10 ~^®m. 
Calculate the dipole moment of KCl molecule if there were 
opposite charges of one fundamental imit located at each 
molecule. Calculate the percentage of ionic character of KCL 

[LLT. 1993] 

[Ans. 4.1652 x coulomb metre, percentage of ionic character 
= 80.09] 

19. The dipole moment of HBr is 2.60 x 10”^^ cm and the 
interatomic spacing is 1.41 A. What is the percentage 
ionic character of HBr? 

[Ans. 11.5%] 

20 . Calculate the percentage of ionic character in K—Cl bond 
in KCl molecule. The electronegativity values of K and 
■Cl are 0.8 and 3.0 respectively. 

[Ans. 52.1%] 

21. Calculate the lattice enthalpy of LiF give that the enthalpy 
of (i) Sublimation of Hthium is 155.2 kj moi”^; 
(ii) Dissociation of 1/2 mole of F 2 is 75.3 kJ; (Mi) Ionization 
energy of lithium is 520 kJ moH; (iv) Electron gain 
enthalpy of V(g) is -333 kJ moH; (v) AH^ overall is 
-594.1 kJ moH. 

[Ans. 1011.6 kJ mol”^] 

■ Matching Type Questions 


Match the foUowing: 


(A) (a) C 2 H 2 


(i) hybridization 

(b) SO 2 


(ii) sp^d hybridization 

(c)SC^^ 


(iii) $p^d^ hybridization 

(d) 


(iv) sp hybridization 

(e) SFg 


(v) hybridization 

(f)IF 7 


(vi) sp^d^ hybridization 

(B) 1. BeCl 2 

(i) Pyramidal 

(a) Bond angle 109°28' 

2 . H 2 O 

(ii) Trigonal 

(b) Bond angle 180"^ 


bipyramid 


3. NH 3 

(iii) Tetrahedral 

(c) Bond angle 106.5° 

4. PCI 5 

(iv) Square 

(d) Bond angle 104.5° 


planar 


5. CH 4 

(v) Linear 

(e) Bond angle 90° 

6 . XeF 4 

(vi) V-shaped 

(f) Bond angle 120°, 90° 

(C) (a) Zero dipole moment 

(i) C 2 H 4 

(b) Violation of octet rule 

(ii) O 2 

(c) Overlapping concept 

(iii) Kc^sel and Lems 

(d) Paramagnetic molecule 

(iv) Ice 

(e) Five 

sigma and one Tt-bonds (v) Polar bond 

(f) High dielectric constant 

(vi) sp^ hybridization 

(g) Electronic theory of valency (vii) H 2 O 

(h) Unequal sharing of electrons (viii) CO 2 

(i) Hydrogen bonded solid 

(ix) Heitler and 



London 

(j)S02 


(x) PCI 5 
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Answers : Subjective Type Questions 

n2- 

I :s: 


1. (a) (i) island 

(iii) IBr* and 
(v) Sr and [Sr] 


(ii) ’Al* and [Al] 


|3+ 


IBrl 

2 + 


(iv) •9* 


| 2 - 


:o: 


(b) (i) Mg :s: or 


(ii) AIx-VN: or [Alf''[*xN:f' 


(iii) Ca iBr: or [Caf^ 2 [JBr:]' 

-- •• •• 

\ • • 

;Br: 


2 . (a) NaCl as Na"^ ion is smaller in size than Cs"^ ion. 

(b) Stability is dependent on the magnitude of lattice energy. High 
negative value of lattice energy gives more stability to an ionic 
compound. 

(c) MgO and AI 2 O 3 are used as refractory materials because they 
have high melting points on accoimt of high lattice energies. 

3. (a) From left to right -1, +1, 0 
(b) From left to right 0, +1, -1 ^ 

Thus, structure G?) is preferred as negative charge is present on 
more electronegative atom. 

4. (a) SF 4 and SF^ 

(b) (i) CH 3 I < CHaBr < CH 3 CI < CH 3 F 
(ii) BF 3 < H 2 S < H 2 O 

5. (a) Ionic Na 2 S, NaH, CaCl 2 , KBr, CaC 2 (However covalent bonding 
exists between carbon atoms.) 

Covalent SnCl 4 , diamond, C 2 H 4 , HCl (gas), NH 4 

(b) (i) Ionic NaCl, (ii) Covalent CS 2 , (iii) Covalent SO 2 and SO 3 , 

(iv) Ionic CaH 2 . 

(c) (i) Ionic, (ii) Covalent, (tii) Covalent, (iv) Covalent, (v) Ionic, 
(vi) Covalent, (vii) Covalent and coordinate, (viii) Covalent and 
coordinate, (ix) Covalent and coordinate, (x) Electrovalent and 
coordinate, (d) (i) Pure covalent bond, (ii) Semipolar bond, 
(iii) Electrovalent. 

6 . (i) NaCl is the polar compound as the electronegativity difference is 
maximum, (ii) NH 4 [NH 3 ^H]''', (iii) HF (electronegativity of fluorine 
is maximum), (iv) The size of l~ ion is larger than F" ion. Hence, more 
of polarisation by Li'*' ion in Lil occurs. Thus, Lil is more covalent, 

(v) p-hydroxybenzaldehyde is more soluble in water as it forms 
hydrogen bonding with water, (vi) NaCl. Charges are same on the ions 
but size of Na"^ ion is smaller than and Cs"^ ions, (vii) CO 2 is a non¬ 
polar molecule as it has symmetrical shape, (viii) HF. 

7. (i) Strength of hydrogen bonding depends on electronegativity of 
atom linked with hydrogen. Thus, the order isS<Cl<N<0<F 
(ii) The increasing order is F 2 < CI 2 < O 2 < N 2 . 

Both fluorine and chlorine atoms in F 2 and CI 2 possess three non- 
bonded electron pairs each. Due to small size of fluorine, there is 
larger repulsion between non-bonded electrons in comparison to 
chlorine. Thus, F 2 has lesser dissociation energy than CI 2 . In oxygen. 


two non-bonded electron pairs are present, f.e., less repulsion than 
CI 2 and in nitrogen only one electron pair is present, z.e., minimum 
repulsion is present. Hence, N 2 has maximum stability. 

(iii) NO^ < NO 2 < NO 3 

(iv) C—C < C=C < C=C 
(Energy increases with multiplicity.) 

(v) C^C < C=C < C—C 

(Bond length decreases with multiplicity.) 

(vi) Polarity can be decided on electronegativity difference. 

PH 3 < ASH 3 < SbH 3 < NH 3 

(vii) SFe < H 2 O < NH 3 < CH 4 < CO 2 

Octahedral Bent Pyramidal Tetrahedral Linear 

(90”) (104.5”) (106.5”) (109”28') (180”) 

(viii) BaO < SrO < CaO < MgO 

[Hint : Size of cation in decreasing order.] 

(ix) F 2 < O 2 < O 2 < O 2 < N 2 

Bond order 1 1.5 2.0 2^5 3.0 

(x) NO'" < NO < NO” 

Bond order 3 2.5 2 

Higher the bond order, smaller is the bond length. 

8 . (i) three; (ii) four; (iii) sp^d, sp^d^; (iv) three covalent and one 
coordinate; (v) sp^d (bonding pairs + lone pairs = 5); (vi) sp^ 
hybridization of oxygen; (vii) linear (both carbon atoms are sp 
hybridized); (viii) possess stable electronic configuration; (ix) highly 
electropositive and highly electronegative; (x) covcilent; (xi) odd 
electron; (xii) interhydrogeri bonding; (xiii) intrahydrogen bonding; 
(xiv) two; (xv) bond order—zero; (xvi) diamagnetic. 

9. (a) If the electronegativity difference is more than 1.7; 

(b) If the electronegativity difference is less than 1.7; 

(c) Coordinate , bond; (d) (i) covalent, electronegativity difference 

XX .• XX 

is small, (ii) BC 2 , x C x B x C x (iii) ionic, electronegativity 

XX •• XX 

difference is large; (e) Since, B is an inert gas, A wiU be 
electronegative non-metal with valency 2 and A wiU be 
electropositive metal with Vcilency 1. (i) A, (ii) B, (iii) C 2 A, (iv) ionic. 


ot 0 + 

10 . (i) ,/\ ^ 

“:o :o: :o: ;o:' 


(u) :n=n=o: :n=n— o: 

• • mm 

o: 

II 
c 


(ui) 


A 


<—> 


:o:“ 

I 

/\ 

:o: o: 



• • • 


r.. ..1 


r ..1 

(iv) 

:n=n=n: 


• • 

III 

I 

• • 


• • 

III 

1 

2 

• 1 


j 


**j 


:o^ 


\ IOk 

.. ** \ •• \ 

(V) ^N=o:<^ N-or^ 


iQr 


;o 


;o' 


■:q 
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(f) sp^d, T-shaped Cl—^F; (g) oxygen undergoes sp^ 

F 

hybridization, V-shape structure. 

13. (a) (i) Fe^"^ (ii) Cu"^ (iii) Al^*^ 

(b) (i) r (ii) (iii) N^" 

(c) (i) CuS (ii) Agl (iii) PbC^ (iv) AICI 3 (v) LiCl (vi) BeCl 2 

(d) (i) K-"—F-^ (ii) W— 0 ^“ 

(e) (i) NaCl (ii) CaF 2 (iii) Caa 2 

14. (a) (i) Ionic bond with partial covalent character, (ii) covalent, 

(iii) ionic, (iv) coordinate. 

(b) (i) BF 3 , (ii) BeCl 2 or C 02 ^ (iii) BaS 04 , (iv) CH 4 , 

(v) NH 4 Cll(H 3 N^H)^Cr] or (H 3 N-t~BF 3 ), (vi) HCl, (vii) 'NH 3 . 

(c) (i) NaCl (very small distortion). 

(ii) MgCl 2 (more ionic than AICI 3 ). 

(iii) NaCl in molten state (as ions are present in mobile state). 

(iv) NH 3 , isp^ hybridization. One lone pair is present on 
N-atom). 

(v) HF (Hydrogen bonding is present. Molecules come nearer to 
each other and associate through hydrogen bonds). 

Answeis : Matching Type Questions 

(A) (a-™-iv); (b-”i); (c—v); (d—ii); (e-iii); (f—vi) 

(B) (1—v—b); (2—vi—d); (3—-i—c); (4—ii—f); (5—iii—a); 

( 6 —iv—e) 

(C) (a—viii); (b—x); (c—ix);-(d—ii); (e—i); (f—vii); (g—iii); 
(h—v); (i—iv); (j—vi) 
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ILLU^Tf^WNS OF OBJECTIVE QUESTIONS 


1 . The electronegativity of H and Cl are 2.1 and 3.0 r^pec- 
tively. The correct statement(s) about the nature of HCl 
is/are : 

(a) HCl is 17% ionic (b) 83% ionic 

(c) 50% . (d) 100% 

Ans. (a) 

[Hint j % ionic character = 16 (X^ - Xg) + 3.5 (X^ - Xg)^ 

= 16 ( 3.0 - 2 . 1 ) + 3.5 ( 3.0 - 2.1)^ 

= 14.4 + 2.835 = 17.235 ^ 17 %] 

2 . The order of strength of hydrogen bond is : 

(a) C1™H.....C1 > N—> O—> F—H F 

(b) N—> Cl—H....,C1 > O—H O > F—H F 

(c) O—> N—> Cl—H Cl > F—H F 

(d) F—H.....F > O—> N—> Cl—H.Cl 

Ans. (d) 

[Hint ; Hydrogen bond strength increases with the increase of 
electronegativity and decrease in size of the atom. 
Electronegativity =^F> 0 >N~C 1 
Size F < O < N < Cl ] 

3. The electronegativity of O, F, N, Cl and H are 3.5, 4.0, 3.2, 
3.0 and 2.1 respectively. The strongest bond will be: 

(a) F—O (b) O—Cl (c) N—H (d) O—H 

Ans. (d) 


4. 


5. 


6 , 


[Hint : Bond strength difference in electronegativity of atoms.] 
The carbonyl group has following resonating structures: 

(i)>£—o (ID >c —6 (ffl)>c=o 

The correct order of stability of these structures is : 

(a) I > n > III (b) m > I > n 

(c) I > III > II (d) III > n > I 


Ans. (b) 

[Hint : The resonating structure with minimum or no charge is 
more stable. Thus, the stability of (III) form is maximum. 
The structure (I) is more stable than structure ( 11 ) as the 
negative charge is present on more el^itronegative atom.] 
Which combination wiE give the stron^st ionic bond? 

(a) Na*^ and Cl" (b) and Cl" 

(c) Na’^ and (d) Mg^"^ and 

Ans. Cd) 

[Hiiit : Ionic bond strength depends on the force of attraction 

2 

Number of bonding pairs and lone pairs around the central 
atom in the I 3 ion are : 

(a) 2, 2 (b) 3, 2 (c) 2, 3 (d) 4, 3 

Ans. (c) 

[Hint : There are two bonding pairs and three lone pairs in the 
outershell of central atom. 


between cation and anion. F® 


■] 



7, The formal charge on the central oxygen atom in O 3 
molecule is : 

(a) 0 , (b) +1 

(c) -1 ^ . (d) - 2 

Ans. (b) 

[Hint : The Lewis dot structure of O3 is : 


o 

/ \ 

: o: : o: 


Formal charge on central oxygen atom = Valence electrons - 
1 

2 bondings electrons - non-bonding electrons 

= 6- 2 x6-2 = +l] 

8 . Match List I (species) and List II (bond orders) and select 
the correct answer : 



List I 




List II 

A. 

N 2 



1 . 

1,0 

B. 

O 2 



2 . 

2.0 

C. 

F 2 



3. 

2.5 

D. 

05 



4. 

3.0 


A 

B 

C 

D 


(a) 

4 

2 

1 

3 


(b) 

1 

3 

4 

2 


(c) 

1 

2 

4 

3 


(d) 

4 

3 

1 

2 


Ans. 

(a) 






DHhit :N 2 : o(2sf a(:^)ht(2p^)h(2p/mp,f; 

Bond order = | (8-2) = 3 
O 2 : (02s)^ (iosf (alpzAMylp^fyn^lp^)^ (}l^2pj^)H^2p^)^; 

Bond order = ^ (8-4) = 2 
F 2 : (cr2s)^ (&s)^ (alp^fyn^Pyfin^Ip^f 

Bond order = - 1 

05 : ( 02 s)^ (ces)^ (o2pz)Hn^2p,j)Hn2^Px)^ 

Bond order = 2 (8-3) = 2.5] 

9. Which of the following have identical bond order? 

(I) CN" (II) O 2 (ni) NO-" (IV) CN-' 

(a) I, III (b) I, II 

(c) II, IV (d) I, II, III 

Ans. (a) 

[Hint ; Isoelectronic species have same bond order. 

CN“ = 6 + 7+1 =14 electrons ; O 2 - 8 + 8 + 1 
= 17 electrons ; NO'^ = 7 + 8 -1 = 14 electrons ; 

CN^ = 6 + 7-1 = 12 electrons] 
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10. The ratio of O to e bonds in mesitylene is : 

(a) 3 (b) 7 

(c) 5 (d) 6 

Ans. (b) 

[Hint : The structure of mesitylene is : 

H 


I 

H-C-H 



Total number of G-bonds =21 
Total number of 7C**bonds = 3 ], 

11. Both BF3 and NF3 are covalent compounds. BF3 is a non¬ 
polar compound but NF3 is polar. The reason is that: 

(a) boron is a solid and nitrogen is a gas in free state 

(b) BF3 is planar but NF3 is pyramidal in shape 

(c) boron is a metalloid while nitrogen is a non-metal 

(d) atomic size of boron is smaller than that of nitrogen 
Ans. (b) 

[Hint : BF3 Is planar, hence the dipole moment of the molecule is 
zero. NF 3 is p 5 ?ramidal, thus it possesses dipole moment. 
Hence, NF 3 is a polar compound.] 

12. Which of the following sets of species does not follow octet 
rule? 

(a) CO, PCI5, PCI3, AICI3 (b) CO, B2H6, NH3, H2O 
(c) AICI3, BF3, PCI5, SFg (d) H2O, NH3, CO2, AICI3 
Ans. (c) 

[Hint :BF3, AIQ3 are electron deficient molecules while in PCI5 
and SFg molecules P and S po^ess more than 8 electrons 
in their valence shells.] 

13. Which of the following species is diamagnetic in nahire? 

[AJJLELE,2005] 

(a) HeJ (b) H2 

(c) (d) Hi 

Ans. (b) 

[Hint :He 2 : (Gls)^( 0 ls)'one unpaired electron - paramagnetic 
H 2 : ( 0 ls)^ no unpaired electron - diamagnetic 

: ms)^ one unpaired electron - paramagnetic 
H 2 : (ols) (Gls) one unpaired electron ~ paramagnetic] 

14. The number and type of bonds between two carbon atoms 

in calcium carbide are : IAXHE.E.2005] 

(a) one sigma, one pi (b) one sigma, two pi 

(c) two sigma, one pi (d) two sigma, two pi 

Ans. (b) 

[Hint :Caldum carbide is an ionic compound having anion 
[SC^CsF". It has one sigma and two pi bonds.] 


[In Ag (CN) 2 ] , the number of %-bonds is : 

[AJXM.S. 2006] 

(a) 2 (b) 3 

ic) 4 (d) 6 

Ans. (c) 

[Hint :The cyanide ion consists a triple bond, —C=N—, i.e., 
one sigma and two it-bonds are present: thus, two cyanide 
groups have 4 E-bonds.] 

Which of the following molecules/ions does not contain 
unpaired electrons? ■ [AJ.EJE.E.2006] 

(a) Ot (b) B 2 

(c) (d) O 2 

Ans. (a) 

In which of the following molecules/ions are all the bonds 
not equal? tA.IX:.E.E.20a6] 


not equal? tA.IX:.E.E.20a6] 

(a) SF 4 (b) SiF 4 

(c) XeF 4 (d) BF 4 - 

Ans. (a) 

[Hint 2 In SF4, sulphur undergoes sp^d hybridization. It contains 
two axial and two equatorial bonds and one position is 
occupied by a lone pair of electrons.] 

H 2 , Li 2 , B 2 each has bond order equal to 1 , the order of their 
stability is: 

(a) H 2 — l.i 2 — B 2 (b) H 2 ^ Ti 2 ^ B 2 

(c) H 2 > B 2 > Li 2 (d) B 2 > Lis < H 2 

Ans, (c) 

[Hint : H2, Li2, B2 are not equally stable. Li atom is much larger 
in size than H-atom. The bond length in Li2 is much larger 
than bond length in H2. Moreover, Li2 molecule has two 
electrons in the antibonding molecular orbital while H2 has 
no electrons in the antibonding molecular orbital. Thus, 
Li2 is less stable than H2 (Bond energy of Li2 = 110 kj 
moH + Bond energy of H2 = 438 kJ moH). Boron atom 
is smaller than lithium atom but larger than hydrogen 
atom. The B2 is more stable than Li2 but less stable than 
H2 (Bond energy of B2 = 290 kJ mol"^),] 

Which of the following pair is expected to have the same 
bond order? 

(a) O2, N2 (b) O^, N2 


(c) Oi, (d) C^, NJ 

Ans. (b) 

{Hint : Oj, N2 — Each has 15 electrons. Bond order = A (10 - 5 ) 
= 2 . 5 ] 

20 , Pick out the incorrect statement: 

(a) In PCI 5 , P atom is sp^d hybridized and has trigonal 
bipyramidal geometry 

(b) rci 5 on hydrol}^is forms oxychloride 

(c) rci 5 acts as a Lewis add 

(d) In PCI 5 , the axial chlorine atoms are closer to central P 
atom than equatorial chlorine atoms 

Ans, (d) 
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OBJECTIVE QUESTIONS 


Set I: 

1. When two atoms combine to form a molecule: 

(a) energy is released 

(b) energy is absorbed 

(c) energy is neither released npr absorbed 
id) energy may either released or absorbed 

2 . Valency expresses: 

(a) total electrons in an atom 

(b) atomicity of an element 

(c) oxidation number of an element 

(d) combining capacity of an element 
3* Electronic theory of valency was presented by: 

(a) Pauling □ (b) Werner 

(c) Kossel and Lewis □ (d) Heitler and London □ 

4. The combination of atoms occur becau^ they want: 

(a) to decrease number of electrons in the outermost orbit 

□ 

(b) to attain an inert gas configuration □ 

(c) to increase number of electrons in the outermost orbit 

□ 

(d) to attain 18 electrons in the outermost orbit □ 

5. An electrovalent bond is formed between: 

(a) two electronegative atoms □ 

(b) two metals □ 

(c) electropositive and electronegative atoms □ 

(d) two electropositive atoms □ 

6 . Most favourable conditions for electrovalent bonding are: 

200S] 

(a) low ionisation potential of one atom and high electron 

affinity of the Other atom O 

(b) high electron affinity and high ionisation potential of 

both the atoms O 

(c) low electron affinity and low ionisation potential of 

both the atoms O 

(d) high ionisation potential of one atom and low electron 

affinity of the other atom □ 

7. The crystal lattice of electrovalent compound is composed 
of : 

(a) atoms □ (b) molecules □ 

(c) oppositely charged ions □ 

(d) both molecules and ions □ 

8 . The electronegativity of cesium is 0.7 and that of fluorine 
is 4.0. The bond formed between the two is: 

(a) covalent □ (b) electrovalent □ 

(c) coordinate □ (d) metallic □ 

9. Electrovalent bond is formed by: 

(a) sharing of elections □ (b) domtion of electrons □ 

(c) transfer of electrons □ (d) none of th^ □ 

10. Four elements F, Q, R, S have atomic nximbers Z - 1, Z, 
Z 'h 1 and Z + 2 respectively. If Z is 17, then bond between 
which pair of elements will be most ionic ? 


(a) S and Q □ (b) P and R □ 

(c) S and R . * □ (d) S and P □ 

[Hint: As Q is chlorine and S is potassium, so they form 

KCl which is an ionic compound.] 

11. The electronic configurations of four elements are : 

A : Isl 2s^ 3s^ B ; Is^ 2s^ 2p^, 3s^ 3/ 

C : Is^ 2s^ sp^, 3s^ D-: Is^ 2s^ 2p^, 3^ 

The formulae of ionic compounds that could be formed 
between them are : 

(a) A 2 C, DA, CB, D 2 B □ (b) C 2 A, DA, CB, DB □ 

(c) AC, D 2 A, C 2 B, DB □ (d) C 2 A, DA, CB, DB 2 □ 

12. Among sodium phosphate, sodium sulphate and sodium 
ddoride the solubility in water decreases as : 

(a) sulphate > phosphate > chloride □ 

(b) chloiide > sulphate > phosphate □ 

(c) chloride > phosphate > sulphate □ 

^ (d) phosphate > chloride > sulphate □ 

[Hint: For the same cation, as the magnitude of charge on 
the anion increases, the lattice energies increase and 
thus, solubility will decrease,] 

13. Lattice energy of an ionic compound depends on : 

[AJ.E.EE 2005J 


(a) charge on the ion only □ 

(b) size of the ion only □ 

(c) packing of the ion only □ 

(d) charge and size of the ion □ 

14. In covalency: 

(a) transfer of electrons takes place □ 

(b) one atom acts as donor and other acts as acceptor □ 

(c) the electrons are shared by only one atom □ 

(d) equal sharing of electrons takes place between two 

atoms □ 

15. A covalent bond is possible between: 

(a) similar atoms □ 

(b) dissimilar atoms □ 

(c) similar and dissimilar atoms " □ 

(d) similar molecules □ 

16. Multiple covalent bonds exist in a molecule of: 

(a) F 2 □ (b) N 2 □ 

(c) CH4 □ (d) H 2 □ 

17 following statements is not true about covalent 

compounds? 

(a) They may exhibit space isomerism □ 

(b) They have low melting and boiMng |x>ints □ 

(c) They show ionic reactions □ 

(d) They show molecular reactions □ 

18. Element X is strongly electropc^itive and Y is strongly 

electronegative. Both are univalent. The compound formed 
would be: 

(a) □ (b) X—y □ 

(c) X"y^ □ (d) x-^y □ 


This set contains questions with single correct answer. 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
o 

□ 
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19. 

20 . 


21 . 


22. 

23. 


24. 


25. 

26. 


27, 


28. 

29. 

30. 


31 . 


In a triple bond there is sharing of : 

(a) 3 electrons □ (b) 4 electrons □ 

(c) several electrons □ (d) 6 electrons □ 

Element A has 3 electrons in the outermost orbit and 
element B has 6 electrons in the outermost orbit. The 
formula of the compound formed between A and B would 
be: 

(a) 71.263 D (b) A2B5 Cl 

(c) A 2 B □ (d)A3B2 □ 

The formula of the confound is A2B5.The number of 
electrons in the outermost orbits of A and B respectively 
are: 

(a) 6 and 3 □ (b) 5 and 6 □ 

(c) 5 and 2 □ (d) 2 and 3 □ 

Which shows the highest lattice energy? 

(a) RbF . □ (b) CsF □ 

(c) NaF □ (d) KF □ 

Polarisation is the distortion of the shape of an anion by 
the cation. Which of the following statements is correct? 

(a) Maximum polarisation is done by a cation of high 

charge □ 

(b) A large cation is likely to bring Targe degree of 

polarisation □ 

(c) A smaller anion is likely to undergo a high degree of 

polarisation □ 

(d) Minimum polarisation is done by a cation of small size 

□ 


Variable valency is shown by: 

(a) s-block elements □ (b) d-block elements □ 

(c) p- and d'block elements □ 

(d) all elements □ 

The most covalent halide is: 

(a) AIF3 □(b) AICI3 □ 

(c) AlBr3 □ (d) AII3 □ 

A 7 C-bond is formed by the overlap of : 

(a) s-s orbitals □ (b) s-p orbitals □ 

(c) p-p orbitals in end to end fashion □ 

(d) p-p orbitals in sidewise manner □ 

In the formation of ethylene molecule, the carbon atom 
makes use of: 

(a) sp^ hybridization □ {b)sp^ hybridization □ 

(c) sp hybridization □ (d) none of these □ 

Which of the following has a giant covalent structure? 

(a) CCI4 □ (b) Si02 □ 

(c) SiCU □ (d) CO2 □ 

Which one of the following has pyramidal structure? 

(a) NH3 □(b) SiF4 □ 

(c) H2O □ (d) BF3 □ 

Which one of the following molecules are formed by p-p 
overlapping? 

(a) CI2 □ (b) HCl □ 

(c) H2O □ (d) NH3 □ 

104 . 5 ® is the bond angle present in: 

(a) H2O □ (b) BF3 □ 

(c) NH3 □ (d) BeCl2 □ 


32. 


33. 


34. 


35. 


36. 


37. 


A molecule possessing dipole moment is: 
(a) CH 4 □ (b) H 2 O 

(c) BF 3 □ 


□ 

(d) CO2 □ 

In which of the following molecules the bond angle is 
maximum? 

(a) CH4 □ (b) H2O □ 

(c) NH3 □(d) CO2 □ 

CO2 is isostructural with: 

(a) SO2 □ (b) HgCl2 \ □ 

(c) C2H2 □ (d) SnCl2 □ 

Both ionic and covalent bonds are present in: 

(a) CH4 □ (b) NaOH □ 

(c) KCl □ : (d)S02 □ 

The compound with the highest boiling point is: 

(a) CH3OH . □. (b) CH3Br □ 

(c) CH3CI □ (d) CH4 □ 

The bond between carbon atom ( 1 ) and carbon atom ( 2 ) in 
compound, 

N^C—CH=CH2 involves the hybrid as: 

( 1 ) ( 2 ) 


(b) sp^ and sp^ 


38. 


39. 


40. 


(a) sp and sp^ □ 

(c) sp and sp^ □ (d) sp and sp □ 

The bonds present in N 2 O 5 are: 

(a) only ionic □ 

(b) covalent and coordinate □ 

(c) only covalent □. (d) covalent and ionic □ 

The hydrogen bond is strongest in: lA.LE.E.E. 2007] 


41. 


42. 


43. 


44. 


45. 


46. 


(a) O—H - - - S □(b) O—H - - - H 

(c) F—H - - - F □(d) O—H - - - O 

The sigma and 7 C-bonds present in benzene ring are: 

(a) three sigma three pi 

(b) six sigma and three pi 

(c) six pi and three sigma 

(d) nine sigma and three pi 
Hydrogen bonding is maximum in: 

(a) ethanol □ (b) diethyl ether 

(c) ethyl chloride □ (d) triethyl amine 

The hybridization of S in SO 2 is: 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


(a) sp 


(b) sp^ 


□ 

□ 


□ 

(c) sp^ □ (d) dsp"^ 

Molecule in which the distance between two adjacent carbon 
atoms is largest, is: 

(a) benzene □ (b) ethyne □ 

(c) ethene □(d) ethane □ 

Which of the following compounds of IV group elements 
would you expect to be most ionic in character? 

(a) CCI 4 □ (b) SiCU 

(c) PbCl 2 □ (d) PbCU 

The octet rule is not valid for the molecule: 

(a) CO 2 □ (b) H 2 O 

(c) O 2 □ (d) CO 

The compound which contains both ionic and covalent 
bonds is: 

(a) CH 4 □ (b) H 2 □ 

(c) KCN □ (d)KCl □ 


□ 

□ 

□ 

□ 
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47. The type of bonds present in CuS 04 * 5 H 20 are: 

(a) electrovalent, covalent and coordinate □ 

(b) electrovalent and covalent □ 

(c) electrovalent and coordinate □ 

(d) a>valent and coordinate □ 

48. The ion that is isoelectronic with CO is: 

(a) CN” □ (b)O^ □ 

(c) O 2 □ (d) □ 

49. The ty^s of bonds present in NH 4 CI are: 

(a) electrovalent, covalent and coordinate □ 

(b) only ionic □ 

(c) only covalent □ 

(d) covalent and coordinate □ 

50. On hybridization of one s- and one p-orbitals, we get: 

(a) two mutually perpendicular orbitals □ 

(b) two orbitals at 180® □ 

(c) four orbitals directed tetrahedrally □ 

(d) three orbitals in the plane □ 

51. If a molecule MX 3 has zero dipole moment, the sigma 
bonding orbitals used by M ^e: 

(a) pure p □ '(b) sp hybrids □ 

(c) sp^ hybrids ‘ □ (d) sp^ hybrids □ 

52. The species in which the central atom uses sp^ hybrids in 
its bonding is: 

(a) PH 3 □ (b) AsHs □ 

(c) NH 3 □ (d) CH 3 □ 

53. The molecule that has linear structure is: 

(a) CO 2 □ (b) NO 2 □ 

(c) SO 2 □ (d) SiOa □ 

54. The Cl—C—Cl angle is 1 , 1 , 2 , 2"tetrachloroethene and 
tetrachloromethane r^pectively will be about: 

(a) 109.5® and 90° □ (b) 120° and 109.5° □ 

(c) 90° and 1095° □ (d) 1095° and 120° □ 

55. Coordinate linkage is formed: 


(a) by transfer of one electron from one atom to another 

□ 

(b) by the loss of one electron each from both the atoms □ 

(c) by sharing of one electron from each atom □ 

(d) when contribution of one electron pair is made by one 

atom and both the atoms share equally □ 

56. The molecule which has highest dipole moment amongst 
the following is: v 

(a) CH4 □ (b) CHCI3 □ 

(c) CCI4 □ (d) CHI3 □ 

57. The number of unpaired electrons in an O 2 molecule is: 

(a) zero □ (b) 1 □ 

(c) 2 □ (d) 3 □ 

58. The bond orda“ of individual carbon bonds in benzene is: 

(a) one □ (b) two □ 

(c) between one and two □ 

(d) one and two, alternately □ 

59. Which of the following would have a permanent dipole 
moment ? 

(a) SiF 4 □ (b) SF 4 □ 

(c) XeF 4 □ (d) BF 3 □ 
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60. Which is the weakest among the following types of bonds? 


(a) Ionic bond □ (b) Covalent bond □ 

(c) Metallic bond □ (d) Hydrogen bond □ 

61. In a seri^ ethane, ethylene and acetylene, the C—bond 
energy is: 

(a) the same in all the three compounds □ 

(b) greatest in acetylene □ 

(c) greatest in ethylene □ 

(d) greatest in ethane □ 

62. The high boiling point of water is due to: 

(a) its high specific heat □ 

(b) hydrogen bonding between the molecules □ 

(c) weak dissociation of water molecules □ 

(d) its high dielectric constant □ 

63. The strength of sigma bonds formed by axial overlap of s- 
or p- orbitals of 2 nd shell of participating atoms decreases 
as : 

(a) $-$ > p-$ > p-p □ (b) s-s > p-p > $-p O 

(c) p-s > ss > p-p □ (d) p-p > s-p > s-s □ 

[Hint: p-orbitals afford maximum axial overlap and s~orbitals 
have minimum.] 

64. The triple bond in ethyne is made of: 

(a) three sigma bonds □ 

(b) three K-bonds O 

(c) one sigma and two n-bonds O 

(d) two sigma and one 11 -bond □ 

65. The linear structure is assumed by : 

A : SnCl 2 B : NCO*" 

C:NOj D:CS 2 

(a) A, B and C □ (b) B, C and D □ 

(c) A, C and D □ (d) none ' □ 

66 . Which of the following is diamagnetic? 

(a) O 2 □ (b) O 2 □ 

(c) Oi □ (d) o|" □ 

67. Acetylene molecule contains: 


(a) 5 sigma bonds □ (b) 4 sigma and lit-bond □ 

(c) 3 sigma and 2it:-bondsD (d) 2 sigma and 3ic-bonds □ 


68 . Which one of the following has a coordinate bond? 



(a) NaCl 

□ (b) CI 2 

□ 


(c) NJH 4 CI 

□ (d) AICI 3 

□ 

69. 

The number of o-and ic-bonds in l-butene^-yne are: 



(a) 5 sigma and 5 pi 

□ (b) 7 sigma and 3 pi 

□ 


(c) 8 sigma and 2 pi 

□ (d) 6 sigma and 4 pi 

0 

70. 

Which of the following is paramagnetic? 



(a) Oi 

□ (b) CN" 

□ 


(c) CO 

□ (d) NO"- 

□ 

71. 

Which molecule has 

zero dipole moment? 



(a) CH 2 CI 2 

□ (b)BF 3 

□ 


(c) NFg 

□ (d)C102 

□ 

72, 

N 2 O is isoelectronic 
structure of N 2 O ? 

with CO 2 and N 3 , which one is 

the 


(a) N-^O—N 

□ (b) N=N->0 

□ 




□ 
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73 . 

74 . 

75 . 

76 . 


77 . 


78 . 


79 . 

80 . 

81 . 


82 . 


83 . 

84 . 

85 . 


Number of bonds in benzene: [D.P.M.T. 2005 ] 


(a) 6 a and 3 k □ (b) 3 a and 12 k □ 

(c) 12 a and 3 k □ (d) 6 a and 6 k □ 

The shape of sulphate ion is: 

(a) hexagonal □ (b) square planar □ 

(c) trigonal bipyramidal □ (d) tetrahedral □ 

Structure of ammonia is: 

(a) pyramidal □ (b) tetrahedral □ 


(c) trigonal □ (d) trigonal bipyramidal □ 

Oxygen molecule is paramagnetic because: 

(a) bonding electrons are less than antibonding electrons 

□ 


□ 

□ 

□ 

□ 


(b) bonding electrons are more than antibonding electrons 

□ 

(c) it contains unpaired electrons □ . 

(d) bonding electrons are equal to antibonding electrons 

n 

Resbnance structure of a molecule should not have: 

(a) identical arrangements of atoms 

(b) nearly same energy content 

(c) the same number of paired electrons 

(d) identical bonding 
The bond order of a molecule is given by: 

(a) total number of electrons in bonding and antibonding 

orbitals □ 

(b) the difference between the number of electrons in 

bonding and antibonding orbitals □ 

(c) twice the difference between the number of electrons 

in bonding and antibonding orbitals □ 

(d) half the difference between the number of electrons in 

bonding and antibonding orbitals □ 

Which one is electron deficient, compound? 

(a) ICl □ (b) BCI3 

(c) NH3 □ (d) PCI3 

A sp^ hybrid orbital contains: 

(a) 1/4 s-character □ (b) 1/2 s-character 

(c) 2/3 s-character □ (d) 3/4 s-character 

Identify the incorrect statement : 

(a) There are two K and one sigma bonds in N2. 

(b) The hybridisation of oxygen in H2O is sp . 

(c) Solid NaCl is a bad conductor of electricity. 

(d) Hydrogen bond is a chemical bond. 

Metallic lustre is explained by : 

(a) oscillations of loose electrons 

(b) diffusion of metal ions 

(c) excitation of free protons 

(d) existence of bcc lattice 

A molecule, which contains unpaired electrons is: 

(a) CO2 □ (b) N2 

(c) O2 □ (d) H2O2 

Which has the bond order ^ ? 

(a) O2 □ (b) N2 □ 

(c) F2 □ (d) H2 □ 

The maximum number of 90 ° angles between bond pair¬ 
bond pair of electrons is observed between : 

[A.I.E.E,E. 2004 ] 


□ 
□ 

□ 

n 

□ 
n 
□ 
n 

[D.C.E. 2005 ] 
□ 
n 

□ 

□ 
□ 


86 . 


87 . 


88 . 


89 . 


90 . 


91 . 


92 . 


93 . 

, 94 . 

95 . 


96 . 


(a) dsp^ hybridisation □ (b) dhp^ hybridisation □ 

(c) dsp^ hybridisation □ (d) sp^d hybridisation □ 

Which among the following compounds does not show 
hydrogen bonding? 

(a) Phenol □ (b) Ethyl alcohol □ 

(c) Acetic acid □ (d) Diethyl ether ’ □ 

How many resonating forms can be written for nitrate and 
chlorate ions respectively? 


(a) 3 , 2 


□ (b) 3 , 3 

□ 

(c) 2 , 3 


□ (d) 3 , 4 

□ 

[Hint: 

0--N< ^ 

+ /0" 

— o = n/ ^ 



0 

0 

0 






0 II 0 

0 1 0 

1 

0 II 0 J 


0 

0 

0 


A molecule may be represented by three structures having 
energies Ei, E 2 and E 3 respectively. The energies follow the 
order E 3 < E 2 < E^. If the actual energy content of the 
molecule is Eq, the resonance energy is : 

(a) (El + E 2 + E 3 ) - Eo □ (b) E 3 - Eo □ 

(c) E 3 - El ,n (d) Eo - E 2 □ 

On the basis of resonating structures of COf” ion, the 
C—O bond order is : 

(a) 1.5 □ (b) 2 □ 

(c) 1.33 □ (d) 3 □ 

Which carbon atom is most electronegative ? 

(a) Unhybridised carbon □ (b) sp hybridised carbon □ 

(c) sp^ hybridised carbon □ (d) sp^ hybridised carbon □ 

[Hint : Higher s-character in hybridization brings more electro¬ 
negativity.] 

The maximum possible number of hydrogen bonds in 
which a water molecule can participate is: 

[C.E.T. (Karnataka) 2008] 


(a) 1 □ (b) 2 . □ 

(c) 3 n (d) 4 □ 

Which of the following statements is true about 
[Cu(NH 3 ) 4 ]S 04 ? 

(a) It has coordinate as well as covalent bonds □ 

(b) It has only coordinate bonds □ 

(c) It has only electrovalent bonds □ 

(d) It has electrovalent, covalent as weU as coordinate bonds 

□ 

Which of the following is not a linear molecule? 

(a) CO2 □(b) C2H2 □ 

(c) HCN □ (d) H2O □ 


The bond angles of NH3, NH4 and NH2 are in the order : 
(a) NH2 > NH3 > NH^ □ (b) NH^ > NH3 > NH2 □ 
(c) NH3 > NH2 > NHt □ (d) NH3 > NHj > NH2 □ 
As compared to covalent compounds, electrovalent com¬ 


pounds generally have: 

(a) low melting points and low boiling points □ 

(b) low melting points and high boiling points □ 

(c) high melting points and low boiling points □ 

(d) high melting points and high boiling points □ 

Coordinate covalent bond is formed by: 

(a) transfer of electrons □ (b) sharing of electrons □ 

(c) donation of electrons □ (d) none of these □ 
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97. The molecule which docs not exhibit dipole moment is: 

(a) NH 3 □ (W CHCia , □ 

. (c) H 2 O □ (d)CCl 4 □ 


98. How many bonds are there in 

[D.C.E. 20051 


(a) 14 0,8 7 t □ (b) 18 0 , 8 % □ 

(c) 14 0,2% □ (d) 14 0,4% □ 

99. Hybridisation of the_atom changes in : 

(a) AIH 3 to AlHi □ (b) H 2 Q to H 3 O'' □ 

(c) NH 3 to NH 4 □ (d) all of these □ 

100 . In which of the following the central atom does not use sp^ 
hybrid orbitals in its bonding? 

(a) BeFi □ (b) OH 3 □ 

(c) NHi ,□ (d)NF 3 □ 

101. The hybridization of carbon atoms in C—C single bond of 
HC^C--CH^CH 2 is:_ 

(a) sp^ — sp^ □(b) sp^ — sp^ □ 

(c) sp-^sp^ □ (d) sp^sp □ 

102. The type of hybrid orbitals used by the chlorine atom in 
CKDJ is: 

(a) sp^ □ (b) sp^ □ 

(c) sp □ (d) none of these □ 

103. Amongst LiCl, BeCl 2 , MgCl 2 'and RbCl the compounds with 
greatest and least ionic character, respectively are: 

(a) LiCl and RbCL O (b) RbCl and BeCl 2 □ 

(c) RbCl and Mga 2 □ (d) MgCl 2 and Bea 2 □ 

104. BeF 2 has zero dipole moment whereas H 2 O has a dipole 
moment because: 

(a) water is linear □ 

(b) H 2 O is bent □ 

(c) F is more electronegative than O □ 

(d) hydrogen bonding is present in H 2 O □ 


105. Which of the following geometrical configurations 
correspond to dsp^ hybridization? 

(a) Tetrahedral □ (b) Pentagonal bipyramid □ 

(c) Square planar □ (d) Trigonal bipyramid □ 

106. Which one of the following bonds has the highest average 


bond energy? 

(a) S=0 □ (b) C=C □ 

(c) C=N □ (d) N^N □ 

107. Which one of the following is not paramagnetic? 

(a) O 2 □ (b) O 2 □ 

(c) □ (d) □ 

108. Which of the following has a tetrahedral struchire? 

(a) NH 3 □ (b) K 4 Fe{CN )6 □ 

<c) NH:^ □ (d) [Ni{CN) 4 ]^- O 

109. Among the following ions which one has the highest 

paramagnetism? 

(a) [CrfHzOlel®^ □ (b) [FefHzOe]^^ □ 

(c) □ (d) [Zn(H20)6] □ 


110 . Pick out the isoelectronic structures from the following? 
(i) CH3, (iiONHs (iv)CHi 



(a) (i) and (ii) □ (b) (i) and (iv) □ 

(c) (i) and (iii) □ (d) (ii), (iii) and (iv) □ 

111. WMch one of the following molecule is trigonal bip 5 n:a- 
midal? 

(a) BF3 □ (b) CH 4 □ 

(c) PCI 5 □ (d) SF 6 O 

112. Ammonia molecule is formed due to the following 
hybridized orbitals: 

. (a) dsp^ □ (b) sp^ □ 

(c) sp^d □ (d) d^sp □ 

113. The electronic structure of four elements a, b, c and d are: 
(i) Is^ (ii) Is^, 2 s^ 2p^ (iii) Is^, 2 s^ 2p^ (iv) Is^, 2 s^ 2p^ 

The tendency to form electrovalent bond is greatest in: 

(a) (i) ^ □ Cb) (ii) □ 

(c) (iii) □ (d) (iv) □ 

114. Hydrogen bonding is maximum in: 

(a) ethanol □ (b) diethyl ether □ 

(c) ethyl chloride □ (d) triethylamine □ 

115. The central atom assumes sp^ hybridization in: 

(a) PCI 3 □ (b)S 03 . 

(c) BF 3 O (d) NOi □ 

116. NH 3 and BF 3 form an adduct readily because they form: 

(a) an ionic bond □ (b) a covalent bond □ 

(c) a hydrogen bond □ (d) a coordinate bond □ 

117. NH 3 has a much higher boiling point than PH 3 because: 

(a) ammonia has larger molecular weight □ 

(b) ammonia undergoes umbrella inversion □ 

(c) ammonia cont^ns ionic bonds whei^as PH 3 contains 

covalent bond ‘ . 

(d) ammonia form hydrogen bonds □ 

118. In SO 2 molecule, the observed bond lengths of two 
S—O bonds are exactly the same and the length is 
somewhere in between single and double bond length. It 


is because of: 

(a) hybridization □ (b) resonance □ 

(c) coordinate bonding □ (d) geometry □ 

119. The molecule which has p 3 rramidal shape is: 

(a) SO3 □ (b) PCI3 O 

(c) col" □ (d) NOi □ 


120. The compound in which C uses its sp^ hybrid orbitals for 
bond formation is: 


(a) HCOOH □ (b)(H 2 N) 2 CO □ 

k) (Cn^hCH □ (d)CH3CHO □ 

121 .cation and.anion favour least covalent character. 

(a) Small, large □ (b) Large, small □ 

(c) Large, large □ (d) Small, small □ 

122 . T-type shape is exhibited by the molecule: 

(a) CIF 3 □ (b) CHCI 3 □ 

(c) CCI 4 □ (d) PCI 5 □ 

123. An example of molecule having a three centre bond is: 

(a) BN □ (b) H 3 BO 3 □ 

(c) NaBH 4 □ (d) B 2 H 6 □ 

124. The geometry of the molecule with 25% s-character in 
hybrid orbital is: 

(a) plane triangular □ (b) linear □, 

(c) tetrahedral □ (d) octahedral □ 
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125. Knowing that Na"^ > and > Cl“ predict which 

compound wiO be least soluble in polar solvent? 

(a) MgS □ (b) Na 2 S □ 

(c) MgCl 2 □ (d) NaCl □ 

126. WMch of the following elements shows the capacity to form 
. hybrid oibitals by using s,p and d-atomic orbitals? 

(a) B □ (b) C □ 

(c) N □ (d) S □ 

127. Molecule showing angle greater than observed in 
tetrahedral structure is: 

(a) NH 3 □ (b) CI 2 O □ 

(c) H 2 O □ (d) OF 2 □ 

128. The correct order of the O—O .bond length in O 2 , H 2 O 2 and 
O 3 is: 

(a) O3 > H2O2 > O2 □ (b) O2 > H2O2 >03 n 

(c) O2 > O3 > H2O2 □ (d) H2O2 > O3 > O2 □ 

[Hint : Bond between —O—O— in H 2 O 2 is a single bond 
[1.48 A]. Bond between O—O in O3 is intermediate 
between single and double bonds due to resonance 
(1.278 A) while bond between O2 molecule is a 
double bond (1.21 A).] 

129. BCla is a planar molecule whereas NCI 3 is pyramidal 


because: 

(a) nitrogen atom is smaller than boron atom □ 

' (b) BCI 3 has no lone pair of electrons whereas NCI 3 has a 
lone pair of electrons □ 

(c) N—Cl bond is more covalent than B—Cl bond □ 

(d) B— Q bond is more polar than N—Cl bond □ 

130. Which of the following molecules is planar? 

(a) XeF 4 □ (b) NF 3 □ 

(c) SiF 4 □ (d) SF 4 □ 

131. Which one is the correct statement with reference to 
solubility of MgS 04 in water? 

(a) Hydration energy of MgS 04 is higher in comparison to 

its lattice energy □ 

(b) Ionic potential of Mg^"^ is very low □ 

(c) sol” ion mainly contributes towards hydration energy 

O 

(d) Sizes of Mg^"*" and SQ 4 ” are similar □ 

132. Which of the following compounds has a 3 centre bond? 

(a) BF 3 □ (b) NH 3 □ 

(c) B 2 H 6 □ (d) CO 2 □ 

133. Which of the following phenomenon will occur when two 
atoms of same spin will react? 

(a) Bonding will not occur □ 

(b) Orbital overlap will not occur □ 

(c) Both (a) and (b) □ 

(d) None of the above □ 

134. Which bond angle 0 would result in the maximum dipole 
moment for the triatomic molecule XY 2 ? 

(a) 0 = 90^ □ (b) 0 = 120 ^ □ 

(c) 0 = 150° □ (d) 0 = 180° □ 

135. The structure of ICli is: 

(a) trigonal O j 

(b) octahedral □ j 


(c) square planar □ 

(d) distorted trigonal bip 3 rramid □ 

136. The shape of CIO 3 according to VSEPR model is: 

(a) planar triangle O (b) pyramidal □ 

(c) tetrahedral □ (d) square planar □ 

137. The correct order of increasing C—O bond length of CO, 

col: CO 2 is: [I.I.T. 1999; C.B.S.E. 2007] 

(a) CO|" < CO 2 < CO □ (b) CO 2 < CO 3 " < CO n 

(c) CO < CO|" < CO 2 □ (d) CO < CO 2 < CO|- □ 

138. The geometry of H 2 S and its dipole moment are: 

(a) angular and non-zero □ 

(b) angular and zero □ 

(c) linear and non-zero □ 

(d) linear and zero □ 

139. In the compounds of type ECI 3 where E = B, P, As or Bi the 
angles Cl—E—Cl for different £ are in the order: 

(a) B > P = As - Bi □ (b) B > P > As > Bi □ 

(c) B < P - As - Bi □ (d) B < P < As < Bi □ 

140. The formal charges on three oxygen atoms of ozone 
molecule are respectively : 

(a) + 1 , 0 , +1 □ (b) 0 , 0 , 0 □ 

(c) + 1 , 0,-^1 □ (d) -- 1 , + 1 , -1 □ 

1 2 3 4 5 6 

141. In the compound CH 2 =CH—CH 2 —CH 2 '~C^CH, the 

2 3 . 

C —C bond is of the type: 

(a) sp — sp^ □ (b) sp^ — sp^ □ 

(c) sp—sp^ □ (d) sp^-^-sp^ □ 

142. In XeF 2 , XeF 4 and XeF^ the number of lone pairs on Xe is 

respectively: IA.LE.E.E. 2002 ] 

(a) 2,3,1 □ (b) 1,2,3 □ 

(c) 4, 1, 2 □ (d) 3, 2, 1 □ 

143. Number of sigma bonds in P 4 O 10 is: IA.LE.E.1. 2002] 

(a) 6 □ (b) 7 □ 

(c) 17 □ (d) 16 □ 

144. Which of the following does not contain coordinate bond? 

IP.M.T. (Ra|.) 2002] 

(a) BH 4 □ (b) NHi □ 

(c) col’ □ (d) H 3 O □ 

145. Which of the following has pKniTt bonding? [C.B.S.E. 2002 ] 

(a) NOi □ (b) SO|’ □ 

(c) BOi □ (d) CO 3 ’ □ 

146. In NO 3 ion, number of bond pairs and lone pairs of electrons 

on nitrogen atom are: [C,B.S.E. 2002) 

(a) 2, 2 □ (b) 3,1 □ 

(c) 1, 3 □ (d) 4, 0 □ 

147. La OF 2 / number of bond pairs and lone pairs of electrons 

are: [D.P.MX 2002J 

(a) 2 , 6 □ (b) 2 , 8 □ 

(c) 2, 10 □ (d) 1, 9 O 

148. A square planar complex is formed by hybridization of 

which atomic orbitals? [A.LE.E.E. ^02] 

(a) S,p^,Py,P^,dy^ □ (b) S,p^,Py,d/^y^ □ 

(c) s, Px,Py, 4^ □ (d) s, Px,Pz,d^ □ 

149. Match List (I) (molecules) with list (II) (bond order) and 
select the correct answer using the codes given in the lists: 

[S.C.R.A. 2000 ] 
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List 1 List 11 

L Li 2 A. 3 

11. N 2 B, 1,5 

III. Be 2 C. 1.0 

IV. O 2 D. 0 


E, 2 


Codes; 

(a) I - B ; II - C; III - A; IV - E 

□ 

(b) I - C ; n - A; ni - D; IV - E 

□ 

(c) I--D;II--A;m-E;IV-C 

□ 

(d) I - C ; 11 - B; III - E; rV - A 

□ 


150, The correct order of hybridization of the central atom in 
the following species; NH 3 , [Pt(Cl 4 )]^”, PCI 5 and BCI 3 : 

[I.LT. (S) 2001; B.H.U. 2005] 


(a) dsp^, dsp^, sp^ and sp'^ 

(b) sp^, dsp^, dsp^, sp^ 

(c) dsp\ sp^, sp^, dsp^ 

(d) dsp^, sp^, sp^, dsp^ 


□ 

□ 

□ 

□ 


151. The common features among the species CN , CO and NO"^ 

are: [LLT. (S) 2001 ] 

(a) bond order three and isoelectronic □ 

(b) bond order three and weak field ligand □ 

(c) bond order two and ^-acceptors □ 

(d) isoelectronic and weak field ligands □ 

152. Which of the following molecular species has unpaired 

electron(s)? [I.LT, (S) 2002] 

(a) N 2 □ (b) F 2 □ 

(c) Oi □ (d) □ 

153. Which of the following hydrocarbons has the lowest dipole 

moment? [LLT. (S) 2002] 


/-’Tjr 

(a) >C < 

□ 


(b) CH 3 —C=C—CH 3 

□ 

(c) CH 3 —CH 2 —C=C--H 

□ 

(d) CH 2 =CH—C=C—H 

□ 


154. The nodal plane in the Tt-bond of ethene is located in: 

[I.LT* (S) 2002] 

(a) the molecular plane □ 

(b) a plane parallel to molecular plane □ 

(c) a plane perpendicular to the molecular plane which 
bisects the carbon-carbon sigma bond at right angle □ 

(d) a plane perpendicular to the modular plane which 

contains the carbon-carbon o-bonds □ 

155- The shape of O 2 F 2 is similar to: [AJ.I.M.S. 2004] 

(a) C2F2 □ (b) H2O2 O 

(c) H 2 F 2 □ (d) C 2 H 2 □ 

156. The ONO angle is maximum in: lA.LLM.S. 2004] 

(a) NO 3 □ (b) N 0^2 a 

(c) NO 2 □ (d) NO 2 □ 

[Hint : In NOj, nitrogen atom is sp hybridized.] 

157. The correct decreasing order of bond angles is : 

(a) CF 3 > PF 3 > NF 3 > BF 3 □ 

(b) BF 3 > PF 3 > NF 3 > CIF 3 ’ □ 


(c) BF 3 > NF 3 > PF 3 > CIF 3 □ 

(d) BF 3 > CIF 3 > PF 3 > NF 3 □ 

[Hint : Bond angles are : NF3— 106 ", PFs^-lOP, 

CIF3— 9 (f I 


158. In an octahedral structure, the pair of d-orbitals involved 
in dV hybridization is; [C.B.S.E. (P.M.T.) 2004] 

(a) d:p. _ yi, d^i □ (b) dxz, d^i-xj^ D 

(c) ^2^, Cl (d) d^f dy2 Cl 


159. According to molecular orbital theory which of the 
following statements about the magnetic character and bond 


order is correct regarding O 2 ? [I.LT. fS) 2004] 

(a) Paramagnetic and bond order <02 O 

(b) Paramagnetic and bond order >02 O 

(c) Diamagnetic and bond order <02 □ 

(d) Diamagnetic and bond order >02 □ 

160. Which is the correct order of increasing dipole moment ? 

(a) CIF < BrCl < NO < HCl < Lil □ 

(b) Lil < Bra < HO < GIF < NO □ 

(c) BrCl < NO < HCl < GIF < Lil □ 

(d) NO < BiCl < HCl < Lil < GIF □ 


[Hint : Electronegativity Li = 1 . 0 , H ~ 2 . 1 , N = 3 0 , O = 3 . 5 , 
F = 4 . 0 , Cl = 2 . 9 , Br = 2 . 8 , I = 2.2 
Electronegativity difference BrCl = 0 . 1 , NO = 0 . 5 , 

HCl = 0 . 8 , GIF = 1 . 1 , Lil 1.2 


Dipole moment oc Electronegativity difference] 

161. Which of the following has highest melting point? 

[P.E.T, (Raj.) 2003] 

(a) BeCi 2 □ (b) Mga 2 □ 

(c) CaCl 2 □ (d) BaCL □ 

162. Maximum bond angle is present in: ID.P.M.T. 2003] 

(a) BF 3 □ (b) BCI 3 □ 

(c) BBra □ (d) same for aU O 

163. Pick out the isoelectronic structures from the following: 


[A.M.U. 20031 

(I) CH| (II) H| O (HI) NH3 (IV) CHi 

(a) I and II □ 

(b) m and rV □ 

(c) II; III and rV □ 

(d) III & IV and II, HI & IV □ 


164. Which of the following is a correct set? fE.A.M.C.E.T. 2003] 


(a) H 2 O sp^ angular □ 

(b) H 2 O sp^ linear □ 

(c) NH 4 dsp^ square planar □ 

(d) CH 4 dsp^ tetrahedral □ 


165. Which of the following compounds has the smallest bond 

angle in its molecule? [A.LE.E.E. 2003] 

(a) SO 2 ’ □ (b) H 2 O □ 

(c) H 2 S □ (d) NH 3 □ 

166. Which of the following pairs of molecules will have 
permanent dipole moments for both membeis? 


IAJ.E.E.E. 2003] 

(a) SiF 4 and NO 2 □ (b) NO 2 and CO 2 □ 

(c) NO 2 and O 3 □ (d) SiF 4 and CO 2 □ 

167. If the molecule of HCl is considered as totally polar, the 
expected value of dipole moment is 6.12 D but the 
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experimental value of dipole moment is 1.03D. What is the 
percentage ionic character in HCl? 

(a) 17 □ (b) 83 □ 

(c) 50 □ (d) 90 O 


% tonic character 


obs. dipole moment 
cal\ dipole moment 

= —xl00 = 17 ] 


168. Which of the following shows isostmctural species? 

[A.RM.C 2003] 

(a) NH^ and NH 2 O (b) CHi and CH^ □ 

(c) SOi,PO|'and BFJ □ (d) NH 4 andNH 3 □ 

169. The ion which is not tetrahedral in shape is: 

[A,LJM.S. 2003] 

(a) BFi □ (b) NH 4 n 

(c) [Cu(NH 3 ) 4 l^^ O (d) NiCl^ □ 

170. Which of the following has dsp^ hybridization? 

[P.E.T. (M.P.) 2003] 

(a) NiCli □ (b) SCI 4 □ 

(c) NH 4 □ (d) PtCl 4 ‘ □ 

171. In which of the foUowing pairs of molecules have bond 

order three and are isoelectronics? [P.E.T. (M-P.) 2003] 
(a) CN" , CO □ (b) NO* ,CO* □ 

fc) CN" , □ (d) CO, O 2 □ 

172. Paramagnetism of oxygen is explained on the basis of its 

electronic configuration of : [P.E.T. (Kerala) 2003] 

(a) (2ap,)'(2npy)^ □ (b) (2cp,)\2np J □ 

(c) (2apz)H2npy)^ □ (d) (23tpj^)’(27^z)^ Q 

173. Which of the following is not correct? 

[E.AJVI.CET. (Medical) 2004] 

(a) One of the favourable conditions for the formation of 

cation is low ionisation potential □ 

(b) Coordination number of Cs in CsCl is 8 □ 

(c) Ionic bond is directional O 

(d) Ionic compounds have high melting and boiling points 

□ 

174. Covalent bond exists in: [D.G.E. 2004] 

(a) NaaS □ (b) AICI 3 □ 

(c) NaH □ (d) MgCl 2 □ 

175. In which of the following the central atom has maximum 

number of lone pair of electrons? [LIT. 2005] 

(a) SF 4 □ (b) XeF 4 □ 

(c) ClOi □ (d) li □ 

176. Bond energies in NO, and NO” are such as: 

[CE.T. (Punjab) 2004] 
(a) NO" > NO > NO^ □ (b) NO > NO" > NO^ □ 

(c) NO"" > NO > NO“ □ (d) NO'^ > NO" > NO □ 

177. Molecular orbital electronic configuration for 'x' anion is 

KK* {<52sf ( 02 s)^(ic 2 p;f)^( 7 c 2 pp^( 02 p 2 )^(% 2 p;r)^ 

The anion 'x' is: [A.M.iJ, 2004] 

(a) N 2 □ (b) O 2 □ 

(c) n|" □ (d) 0 |~ □ 

178. Among the compounds BF 3 , NCI 3 , SF 4 , H 2 S and BeClj, 
identify the one in which the central atom has the same type 


of hybridization ; [CE.l. (Kerala) 2004] 

(a) BF 3 and NCI 3 □ (b) H 2 S and BeClz □ 

(c) SF 4 and NCI 3 □ (d) NCI 3 and H 2 S □ 

179. Pair of species having identical shapes for molecules is: 

[D.C.E. 2005] 

(a) CF 4 , SF 4 □ (b) BF 3 , PCI 3 □ 

(c) XeF 2 , CO 2 □ (d) PF 5 , IF 5 □ 

[Hint : Both XeF 2 and CO 2 have linear shapes.] 

180. The d-orbital involved in sp^d hybridization is: 

[C.E.T. (l&K) 2005] 

(a) 42 -y 2 □ (b)4y □ 

(c) 42 □ (d) dzi □ 

181. Which of the following is planar? [C.E.T. (J&K) 2005] 

(a) XeF 2 □ (b) Xe 03 F □ 

(c) Xe 02 F 2 □ (d) XeF 4 □ 

182. The species having bond order different from that in CO is: 

[I.I.T. 2007] 

(a) NO" □ (b) NO"- □ 

(c) CN" □ (d) N 2 □ 

183. Which of the following species exhibits the diamagnetic 

behaviour? [A.I.E.E.E. 2007] 

(a) NO □ (b) O 2 " □ 

(c) O^ □ (d) O 2 □ 

184. The charge/size ratio of a cation determines its polarizing 

power. Which one of the following sequences represents 
the increasing order of the polarizing power of the cationic 
species K", Ca^^ Mg^"-, Be^^? [A.I.E.E.E. 2007] 

(a) Ca^^ < Mg^" < Be^" < K" □ 

(b) Mg^" < Be^" < K" < Ca^^ □ 

(c) Be^" < K"- < Ca^-" < Mg^"" □ 

(d) K" < Ca^-" < Mg^-" < Be^-" □ 

185. In which of the following ionisation processes, the bond 
order has increased and the magnetic power has changed? 

[A.I.EE.E. 2007] 

(a) N 2 —> N^ □ (b) C 2 -> C 2 □ 

(c) NO—^NO"" □ (d) O 2 -tOj □ 

186. In which of the following pairs, two species are iso- 

structural? [C.B.S.E. 2007] 

(a) SO 3 " and NOi □ (b) BF 3 and NF 3 □ 

(c) BrOi and Xe 03 □ (d) SF 4 and XeF 4 □ 

187. Match List I with List 11 and choo^ the correct matching 

codes from the choices given : [P.E.T. (Kerala) 2007] 

List I List II 

A. PCI 5 .1. Linear 

B. IF 7 2 . Pyramidal 

C. 3. Trigonal bipyramidal 

D. CIO 2 4. Tetrahedral 

E. NH 4 5 . Pentagonal bipyramidal 

6 . Angular 

(a) A-3, B-5, C-2, D-1, E-4 □ 

(b) A-3, B-5, C-4, D- 1 , E-2 □ 

(c) A-3, B-5, C- 6 , D-1, E-2 □ 

(d) A-3, B-5, C-2, I> 6 , E-4 □ 

(e) A-3, B-5, C-2, EM, E -1 □ 
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188. Which of the foUowing is paramagnetic with bond order 

0.5? [P.E,T. (Kerala) 2007] 

(a) F 2 ■ □ (b) HJ □ 

(c) N 2 □ (d) Oi □ 

189. Among the following, the pair in which the two species are 

not isostructural is: [P.E.T. (Kerala) 2007] 

(a) IO 3 and XeOa □ (b) PF^ and SF^ □ 

(c)BHiand NH 4 □ (d) GOi" and NO 2 □ 

[Hint : CO3” — Trigonal planar; NO2 — Angular] 

190. The correct order of bond order values among the foOowing 

is: [P.M.T. (Kerala) 2007] 

(i) NO" (ii) NO+ (iii) NO (iv) NO^-" (v) NO^" 


(a) (i) < (iv) < (iii) < (ii) < (v) □ 

(b) (iv) = (ii) < (i) < (v) < (iii) □ 

(c) (v) < (i) < (iv) (iii) < (ii) □ 

(d) (v) < (i) < (iv) < (iii) < (ii) □ 


191. The bond lengths and bond angles in the molecule of 
methane, ammonia and water are given below: 


H 


X:3N0-109mn 

109.5° y 


H 


(^0.101 imi 
107° H 


v0.096 am 


H H 


This variation in bond angle is a result of 

(i) the increasing repulsion between hydrogen atoms as 
the bond length decreases 

(ii) the number of non-bonding electron pairs in the 
molecule 


(iii) a non-bonding electron pair having a greater repulsive 
force than a bonding electron pair. 

IP.M.T. (Kerala) 2007] 


(a) (i), (ii) and (iii) are correct 

n 

(b) (i) and (ii) are correct 

n 

(c) (ii) and (iii) are correct 

□ 

(d) (i) only is correct 

□ 


192. Match the compounds in the List I with that in list II: 
List I List II 


A. Xe03 

B. XeOF 4 

C. BOf 

D. CIF 3 

E. 


i. Planar triangular 

ii. T-shape 

iii. Trigonal pyramid 

iv. Square pyramid 
V. Linear 

vi. Bent [P.M.T. (Kerala) 2007] 


(a) A-i, B-iv, C-iii, D-ii, E-v □ 

(b) A-ii, B-iv, C-i, D-iii, .E-vi □ 

(c) A-iii, B-iv, C-i, D-ii, E-vi □ 

(d) A-iii, B-iv, C-i, D-ii, E-v □ 


193. Which of the foUowing two are isostructural? 


[B.H.U. 2007; 


(a) XeF 2 , IF 2 □ (b) NH3, BF 3 □ 

(c) coi", sot □ (d) PQg, ICI 5 □ 

194. Planar structure is shown by: [AJ.I.M.S* 2007] 

(a) CO|" □ (b) BCI 3 □ 

(c) N(SiH 3)3 □ (d) all of these □ 

195. N 2 accepts electron and converts into NJ/ where the electron 

goes? tD.CE. (Engg.) 2007] 


(a) Antibonding ic-molecular orbital ‘ □ 

(b) Bonding it-molecular orbital □ 

(c) 0 -bonding molecular orbital □ 

(d) 0-antibonding molecular orbital □ 

196. Four diatomic species are Usted below in different 

sequences. Which of these represents the correct order of 
increasing bond order? [C.B.S.E. 2008] 

(a) Ct < Hej < NO < Oi □ 

(b) Hez < Oi < NO < g1~ □ 

(c) Oi < NO < cl" < Hei n 

(d) NO < cl" < Oi < Hei □ 

[Hint : Bond order HeJ = 0 . 5 ; Oi = 1 . 5 ; NO = 2 . 5 ; Cf = 3 ] 

197, Which one of the following pairs of species has the same 

bond order? [A.LE.E.E. 2008] 


(a) NO^ and CN“ □ (b) CIST and NO^ □ 

(c) asr and CN^ □ (d) and ChT □ 

[Hint : CN” and NO^ are isoelectronic. Both have 14 electrons 
each.] 


198. The calculated bond order of superoxide ion (O 2 ) is: 

[CE.T. (Karnataka) 2008 ] 
(a) 1.5 □ (b) 1 □ 

(c) 2.5 n (d) 2 □ 

199. Molecular shapes of SF 4 , CF 4 and XeF 4 are: 

[P.M.T. (Kerala) 2008 ] 

(a) the same with 1 , 1 and 1 lone pair of electrons 

respectively on the central atom □ 

(b) the same with 1 , 0 and 2 lone pairs of electrons 

respectively on the central atom □ 

(c) different with' 0 , 1 and 2 lone pairs of electrons 

respectively on the central atom □ 

(d) ditierent with 2 , 0 and 1 lone pairs of electrons 

respectively on tiie central atom □ 

(e) different with 1 , 0 and 2 lone pairs of electrons 

re^ectively on tiie central atom □ 

2(X). Which of the foUowing does not have a coordinate bond? 

[CP.M.T. 2008 ] 

(a) SO 2 □ (b) HNO3 □ 

(c) H 2 SO 3 n (d) HNO 2 □ 

201. Which of the foUowing represents the Lewis structure of 
N2 molecule? [A.F.M.C. 2008 ] 

(a) = □ (b) ::N^Nx □ 

(c) iN—□ id) iN = m ^ □ 

xxxx xxxx 


202. Shape and hybridization of IF 5 respectively are: 

[J.E.E, (Orissa) 2008] 

(a) trigonal bipyramidal, sp^d □ 

(b) see-saw, sp^d * □ 

(c) square p 3 rramidal, sp^d^ □ 

(d) pentagonal pyramidal, sp^d^ □ 

203. Cl^——Cl bond angles in PCI 5 molecule are : 

[Vd.T.EE.E. 2008] 

. (a) 120" and 90" □ (b) 6(f and 90" □ 

(c) and 120" □ (d) 120" and 30" □ 


204. According to MO theory which of the lists ranks the 
nitrogen species in terms of increasing bond order? 

[C.B.S.E. (P.M.T.) 2009] 
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(a)N2'<N5<N2 □ (b)N2<Ni”<Nj □ 

(c) NI < Nz" < N 2 □ (d) NI < Nz < Nf □ 

[Hint : B.O. N 2 =-^ = 3; B.O.Nj =-^ = 2.5; 

B.O.N|”=i^ = 2.0] 

205. In which of the following molecules/ions BF 3 ; NOJ/ NHJ 
and H 2 O, the central atom is sp^ hybridised? 

[C.B.S.E. (P.M.T.) 2009) 

(a) NHJ and H 2 O □ (b) NOJ and H 2 O □ 

(c) BF 3 and NO£ □ (d) NOJ and NHJ □ 

[Hint : BF 3 —^ spV NO 2 —> sp^> NH£ —> sp^; H 2 O — sp^ ] 

206. The correct stability order of the following resonance 

strudures is: [I.I.T. 2009] 

(i) H 2 C=N=N (ii) H 2 C—N = N 

(iii)H 2 G—N = N (iv) H 2 C— N=N 

(a) (i) > (ii) > (iv) > (iii) □ (b) (i) > (iii) > (ii) > (iv) □ 

(c) (i) > (ii) > (iii) > (iv) □ (d) (iii) > (i) > (iv) > (ii) □ 

{Hint : Number of 7t-bonds oc Resonance energy stability 

In contributing structures, like charges should not reside 
on atoms closer to each other and unlike charges should 
not be widely separated.] ' 

207 . Using MO theory predict which of the following species has 

the shortest bond length? [A.I.E.E.E. 2009 ] 

(a) □ (b) bz □ 

(c) Oi □ (d) Oi" " □ 

[Hint : Bond length ~ Bond older ' ^ 

are 3.0, 2.5, 1.5 and 1 respectively.] 

208 . The bond dissociation energy of B—F in BF3 is 646 kjmor^ 

whereas that of C—^F in CF4 is 515 kj moF^ The correct reason 
for higher B—F bond dissociation energy as compared to that 
ofC—Fis: IA.LE.E.E. 2009 ] 

(a) smaller size of B atom as compared to that of C atom □ 

(b) stronger a bond between B and F in BF3 as compared to that 

between C and F in CF4 □ 

(c) significant pK-pK interaction between B and F in BF3 

whereas there is no possibility of such interaction 
between C and F in CF4 □ 

(d) lower degree of pn-pK interaction between B and F in 

BF3 than that between C and F in CF4 □ 

[Hint : In BF3, B is hybridized and has a vacant 2p orbital 
which overlaps laterally with a filled 2p orbital of F 
forming strong pn-pn bond. However, in CF 4 the C does 
not have any vacant p-orbital.] 

209 . A covalent molecule AB3 has pyramidal structure. The 
number of lone pair and bond pair electrons in the molecule 


are respectively : IC.E.T. (Karnataka) 2009] 

(a) 0 and 4 □ (b) 3 and 1 □ 

(c) 1 and 3 □ (d) 2 and 2 □ 

210. The correct statement with regard to and H 2 is : 

[C:E.T. (Karnataka) 2009] 

(a) both H 2 and H 2 do not exist □ 

(b) H 2 is more stable than H 2 □ 

(c) H 2 is more stable than H 2 □ 

(d) both and H 2 are equally stable □ 
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[Hint : The B.O. of both and are 1/2 but is more stable 
as it does not have antibonding electron.] 

211. Arrange the following in the increasing order of their bond 

order ; Oz, Oz, 0£ and Oz". [C.E.T. (Karnataka) 2009] 

. (a) dt, Oi, Oi, Oz □ (b) Oi, Oz, Oi, of □ 

(c) Oz, Oi, Oi, oi- □ (d) oi", Oi, Oz, Oi □ 

[Hint : B.O. of Oj =^^ = 2.0; B.O. of Oj =^^ = 2.5; 

B.O. of Oi =^^ = 1.5 ; B.O. of 0^ =-^^ = 1 1 

212 . Out of N 2 O, SO 2 , Ij, I 3 , H 2 O, NO 2 and N 3 , the linear species 

are : [J.E.E. (Orissa) 2009] 

(a) NOi, It H 2 O □ (b) N 2 O, It N 3 □ 

(c) N 2 O, It Ns □ (d) Ni, It SO 2 n 

213. The energy required to break one mole of Cl—Cl bonds in 

CI 2 is 242 kJ mol"^. The longest wavelength of light capable 
of breaking a single Cl—Cl bond is : [A.I.E.E.E. 2010] 

[c = 3 X 10^ ms“^ and = 6.02 x 10^ moF^] 

(a) 494 nm □ (b) 594 nm □ 

(c) 640 nm □ (d) 700 nm □ 

242x10^ 

[Hint : Energy required to break one bond of Cl—Cl = —— -J 

N A 

_ 242x10^ 

6 . 02 x 10 ^^ 

Applying the formula, ^ ^ ^ ^ 

_ 6.63 X 10~^ X 3 X 10^ X 6.02 x 10^^ 
242x10^ 

= 494 X 10“^ m = 494 nm] 

214. In which of the following molecules, the central atom does 

not have sp^-hybridization? [C.B.S.E. (P.M.T.) 2010] 

(a) CH 4 □ (b) SF 4 □ 

(c) BFi ;□ (d) NH 4 n 

215. Some of the properties of two species NO 3 and H 30 '^ are 
described below. Which one of them is correct? 

[CB.S.E. (P.M.T.) 2010] 
(a) Dissimilar in hybridization for the central atom with 


different structures □ 

(b) Isostructural with same hybridization for the central 

atom □ 

(c) Isostructural with different hybridization for the central 

atom n 

(d) Sinrdlar in hybridization for the central atom with 

different structures □ 

[Hint : NO 3 has sp^ hybridization while H 3 O''' has sp^ hybridi¬ 
zation] 

216. The bond energy (in kcal moF^) of a C—C single bond is 

approximately: ILI.T. 2010] 

(a) 1 " □ (b)10 n 

(c) 100 □ (d) 1000 □ 

217. The species having pyramidal shape is ; [I.I.T. 2010] 

(a) SO 2 n (b) BrF 3 □ 

(c) SiO|- □ (d) OSFz □ 


218. In which of the following pairs of molecules/ions, the 
central atoms have sp^-hybridization? 

[C.B.S.E. (P.M.T.) Prel. 2010] 
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(a) NOi and NH 3 □ (b) BF 3 and NOJ □ 

(c) NH 2 and H 2 O □ (d) BF 3 ^d NHJ □ 

219. Which one of the following species does not exist tmder 

normal ojnditions? [C.B.S.E (P.M.T.) PreL 2010] 

(a) Be 2 □ (b) Be 2 □ 

(c) B 2 □ (d) Li 2 □ 

220. In which one of the following species the central atom has 

the type of hybridization which is not the same as diat in 
the other three? [C.B.S.E. (P.M.T.) Prel. 2010] 

(a) SF 4 □ (b) li n 

(c) sbcis . □ (d) FCI 5 n 

[Hint : In SF4, S has d$p^ hybridization 
In I3, I has d$p^ hybridization 
In PCis, P has dsp^ hybridization 
In SbQ^ Sb has sp^d^ hybridization] 

221. The bond order of CO molecule is : [J.E.E. (W.BO 2010] 

(a) 2 □ (b)2.5 □ 

(c) 3 □ (d) 3.5 □ 

222. For which element the inertness of the electron pair will 

not be observed? [J.E.E (W.B.) 2010] 

(a) Sn □ (b) Fe □ 

(c) Pb □ (d) In □ 

223. Non-zero difxile moment is shown by : 

[J.EE. (Orissa) 2010] 

(a) CCI 4 □ (b) CO 2 n 

Cl 

(c) H 2 O □ (d) Q ° 

Cl 

224. Which of the following has a regular geometry? 

IJ.E.E. (Orissa) 2010J 

(a) CHCI 3 □ (b) SF 4 □ 

(c) XeFfi □ (d) PCI 5 □ 

225. Which of the following is non-existent? 

[A.M.U. (Engg.) 2010] 

(a) AIF^- □ (b) CoF|- 

(c) BFf- □ (d)SiF|- 

226. Which of the foUowing statements is false? 

[P.EX (Kerala) 2010 ] 

(a) H 2 molecule has one sigma bond □ 

(b) HCl molecule has one sigma bond □ 

(c) Water molecule has two sigma bonds and two lone pairs 

’ □ 

(d) Ethylene molecule have five sigma bonds and one pi 

bond □ 

(e) Acetylene has three pi bonds and three sigma bondsD 


□ 

□ 


227. N 2 and O 2 are converted to monopositive cations Nj and 
O 2 respectively. Which is incorrect? (P.EX (Kerala) 2010 ] 

(a) In NJ, the N—^N bond is weakened □ 

(b) In O 2 , the bond order increases □ 

(c) In O 2 , the paramagnetism decreases □ 

(d) NI becomes diamagnetic □ 

(e) Both O 2 and O 2 are paramagnetic □ 

[Hint : M.O. configuration of N 2 : 

10_ A , 

- = 3 


ialsfialsfialsficlsfinlpxfiitlpyfialp^f, B.O. 

M.O. configuration of Nj -• 

iol$)Hils)^i<^$fio2$f{%2p^f(n2pyf(a2p2)^ B.O. =.?^: 
M.O. configuration of O 2 : 

ialBfibl$)Ho2$)'^(o2s)H<^Pzfin2pj^)^{n2pyf(%2p^)^{k2py)^ 

10~6 


= 25 


B.O. 


= 2 


M.O. configuration of Oj : 

{<sls)^{ol$f‘ia2s)^ic2s)^{a2p2)^i%2p^)HTi2p^}^(%2p^)^iK2p^f 


B.O. =i°—5. = 2.5 


Bond order 0 = Bond energy «« strength of the bond] 

228. A neutral molecule XF 3 has a zero dipole moment. The 
element X is most likely : [P.E,T. (Kerala) 2010] 


(a) chlorine 
(c) nitrogen 

229. Match the following : 
List-I 
(Molecule) 

(A) NH 3 

(B) H 2 O. 

(C) XeF 2 

(D) CH 4 

The correct answer is : 


n (b) boron 
□ (d) carbon 


□ 

□ 


List-II 

(Number of lone pairs 
on central atom) 

(i) Two 

(ii) Three 

(iii) Zero 

(iv) Four 

(v) One 

[E.A.M.CE.T. (Engg.) 2010] 



(A) 

(B) 

(C) 

(D) 


(a) 

(v) 

(i) 

(iii) 

(ii) 

□ 

(b) 

(iii) 

(i) 

(ii) 

(v) 

□ 

(c) 

(v) 

(i) 

(ii) 

(iii) 

' □ 

(d) 

(i) 

(v) 

(iii) 

(iv) 

□ 


[Hint: N 


H jlj H H 


•o- 

/\ 


H 


:xe: 

r 

F 


H 


Set II; This sd^ contains questions with two or more correct answers. 

(c) cis-3-hexene 


230. Which of the foUowing have identical bond order? 

[LLT. 19921 

(a) CN" □ (b )02 □ 

(c) NO^ □ (d) CN^ □ 

231. The molmiles that will have dipole moment: [LLT. 1992] 

(a) 2, 2 -dim^hylpropane □ 

(b) frans- 2 -pentene □ 


(d) 2 , 2 , 3^ 3-tetramethyibutane 

232. Species having same bond order are: 

(a) N 2 □ (b) N 2 

(c) Ni □ (d)N 2 " 

233. Which of the foUowing species are paramagnetic? 

(a) O 2 □ (b) n|“ 


(0 N 2 


□ (d) Of 


□ 

□ 

□ 

□ 

□ 

□ 
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234. Molecules having distorted geometry are: 

(a) H 2 O □ (b) NH 3 d 

(c) N 3 H □ (d) XeF 2 □ 

235. The linear structure is assumed by: [LLT. 19911 

(a) SnCl 2 □ (b)NCO" □ 

(c) NO^ □ (d)CS 2 □' 

236. Which of the following hybridization results in non-planar 
orbitals? 

(a) sp^ □ (b) dsp^ □ 

(c) s/ □ (d) dsp^ □ 

237. Which statement(s) is/are correct? 

(a) A sigma bond is stronger than ix-bond □ 

(b) A sigma bond is weaker than Tc-bond □ 

(c) Hydrogen bonding is weaker than covalent bonding 

a 

(d) A triple bond is weaker than double bond □ 

238. Which combination of the compounds and their geometry 
are correct? 

(a) HgCl 2 ~ linear □ (b) CIF 3 - V-shaped □ 

(c) CIF 3 - T-shaped □ (d) ICI 4 - square planar □ 

239. In the following case(s), hybridization of the underlined 
atom is affected: 

(a) PCI 5 (solid) dissociates into PQ 4 and PQ^ □ 

(b) liH reacts with AIH 3 forming LiAlH 4 □ 

(0 NH 3 is protonated □ 

(d) H 3 PO 2 is heated forming PH 3 and H 3 PO 3 □ 

240. sp^ hybridization is present in: 

(a) S 04 ^ □ (b) C 2 H 2 □ 

(c) BOt” □ (d) NHl □ 

241. Which of the following has tetrahedral structure and the 
central atom is sp^ hybridized? 

(a) BFi □ (b) IFi □ 

(c) SiH 4 □ (d) PFi □ 


242. Which of the following molecules have a bond angle smaller 


than tetrahedral bond? 

(a) □ (b) SiH4 □ 

(c) NH3 □ (d)H20 □ 

243 . Identify the species which are non-planar 

(a) CH| . □ (b) NHj □ 

(c) BFi □ (d) C2H2 □ 

244 . The nitrogen oxide(s) that contain(s) N —bondfs) is (are); 

{I.I.T. 2009] 

(a) N2O □ (b) N2O3 □ 

(c) N2O4 □ (d) N2O5 □ 

[Hint ; NjO : N=N=0 <-> N=N—O 


N2O3 : 

o 

N204:*Sn-^^° ] 

O O 

245. Molecules with see-saw shaj^ are : 

(a) XeOF 4 □ (b) SF 4 □ 

(c) XeOF 2 □ (d) Xe 02 F 2 □ 

246. The molecules in which the central atom is hybridised 

are - 

.(a)XeF4 □ (b)XeF6 O 

(c) SFe O (d) I 3 □ 

247. Which of the following elucidate molecular cSbital theory 
rightly? 

(a) Number of are equal to the number of AO's from 

which they are formed D 

(b) BMO's increase electron density between the nuclei C 

(c) ABMO's have a region of zero electron density □ 

(d) Number of electrons in BMO's are more than in ABMO's 

□ 
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Objective Questions for IIT ASPIRANTS 


1 . \^ich of the following halides has different bond lengths? 

(a) BCI 3 (b) CCi 4 

(c) BeCl 2 (d) PCI 5 

[Hint i PQ5 has two typ^ of bonds axkl and equatorial These 
two typ^ of bonds have different bond lengths.] ^ 

2 . Which among the following has highest boiling point? 

(a) Ha (b) He 

(c) Ne (d) Xe 

[Hint : Xenon has highest boiling point because it has maximum 
van der Waals" forces due to the possession of more 
electrons.] 

3. In which solvent NaCl has maximum solubility? 

(a) H 2 O (b) C 2 H 5 OH 

(c) CH 3 COCH 3 (d) C2H5OC2H5 

[Hint : NaCl is an ionic compound. Solubility of an ionic 
compound depends on the value of dielectric constant of 
the solvent. Higher the value of dielectric constant of the 
solvent more is the solubiEty of the tonic compound. 

Solvent H2O C2H5OH CH3COCH3 CaHsCXZaHs 

Dielectric constant 80 27 21 4.1 ] 

4. Which has maximum covalent character? 

(a) NaCl (b) SiCl 4 

(c) AICI 3 (d) MgCla 

[Hint : Polarisation in the molecule increases with increase of 
charge and decreases in size of the cation when the anion 
is same.] 

5. If Pi and p 2 are the two dipole moments in the molecule 
with an angle 0 between them^. then the resultant dipole 
moment will be : 

fa) p = Pi + p2 + 2pip2 cos 0 

(b) p = Pi + pi - 2 pip 2 cos 0 ^ 

(c) p = (pi + p| + 2 piP 2 cos 0 )^ 

1 ■ 

(d) p ~ (pi + pI 2 piP 2 ccB 0)1 

6 . The dipole moment of HBr is 2.6 x am and the 

interatomic spacing is 1.41 A. The percentoge of ionic 

character in HBr is : 

(a) 10.5 (b) 11.5 

(c) 12.5 ' (d) 13.5 


Lrimi : 70 ionic character = Theoretical dipole moment 

Theoretical dipole moment of a ldO% ionic character 
= e X d = (1.6 X 10^’^C) X (1.41 X 1Q“’“ m) 

= 2.256 X 10~^’ cm] 

The boiling point of p-nitrophenol is higher than that of o- 
nitrophenoi because 

(a) p-nitrophenol has intermolecular hydit)gen bonding 
while o-nitrophenol has intramolecular hydrogen 
bor\ding. 

(b) p-nitrophenol has intramolecular hydrogen bonding 
while o-nitrophenol has intermoleailar hydrogen 
bonding. 

fc) -NO 2 grbup at p-position behaves in a different way 

than fKrit of 


Observed dipole moment 


(d) Hydrogen bonding exists in p-nitrophenol but no 
hydrogen l^cmding is present in o-nitrophenql. 

[Hint : Infcramolecular H-bonding is present in p-ryitropheiiol 
which loweis its boiling point while intermolecular 
bonding is pre^nt in p-nitrophenol which Increases its 
boiling point.l 

8 . NO 2 and N 2 O 4 are two forms of nitrogen dioxide. One exists 
in gaseous state while other in liquid state. The nature of 
NO 2 and, N 204 forms are: 

(a) both are paramagnetic 

(b) both are diamagnetic 

(c) NO 2 is paramagnetic while N 2 O 4 is diamagnetic 

(d) NO 2 is diamagnetic while N 2 O 4 is paramagnetic 

* 

I Hint : NO 2 is an odd electron molecule The dimer, 

O 

N 2 O 4 , has no unpaired electron. 

% , 

_xr^ 

O J 

9. The formal charge of the O-atoms in the ion 

r:o=N= 0 :Tis: 


(a) -2 (W-l 

(c) 0 (lif + 1 

[Hint : Formal charge = total valence electrons in free atom 

- number of non-bonding electrons 

- 1/2 number of bonding electrons 
= 6 - 4 - 1 / 2 x 4^01 

Among the following compounds the one that is polar and 
has the cental atom with sp^ hybridization is : 

(a) H 2 CO 3 (b) SiF 4 

(c) BF 3 (d) HCIO 2 

[Hint : HaCC^ Is polar as H 2 CO 3 CO|^. Carbon in 

COf” ion is in sp^ hybridized state,] 

Which of the foUowin^^ liydrocarbons has the lowest dipole 
moment ? 


H 3 V 

H>C=C<CH, 


(b) CH3C^CCH3 


(c) CH3CH2C = CH (d) CH2=-CH—C^CH 

[Hint : Symmetrical with linear structure wiU have zero dipoIcT 
moment.] 

12 . CO 2 is isc^tmctural with : 

fa) HgCl2 (b) Sna2 

(c) C2H2 (d) NO2 

[Hint :The structure of CO 2 is linear 0=C=0, similarly the 
stactures of HgCb and C 2 H 2 are linear. Cl—^Hg—Q; 
HC=C—H. SnCl 2 and NO 2 ha\'e angular structures.] 

13 . Which one of the foEowing arrangements of molecules is 
correct on the basis of their dipole moinents ? 

(a) BF3 > NH3 > MF3 (b) BF3 > NF3 > NH3 

(c) NH3 > BF3 > NF3 (d) NH3 > NF3 > BF3 
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[Hint ; Both NF 3 and NH 3 have identical shape and a lone pair 
of electrons on ^ nitrogen. The dipole moment of NH 3 is 
higher than NF 3 due to different directions of moments 
of the N—and N—H bond. BF 3 is a symmetrical 
molecule. It has zero dipole mpment/J ' 

14.. Lattice energy of BeCOa (I), MgCOa (U) kiid CaCOa (HI) is 
in order : 

(a) (b) i>n>m 

(c) i<m<n (d)ii<i<m 

[mnt : lattice energy decreases with increase in size of the ions. 
The size of the cations Be^^ < 

15. Which of the following have tmdistorted octahedral 
structures? 

1 . SFfi 2. PFi . 3. SiF|‘ , 4. XeFg , 

Select the correct answer using the a)des pven below: 

(a) 2, 3 and 4 (b) 1, 3 and 4 

(c) h 2 and 3 (d) 2 and 4 

IHliit : XeF 5 has distorted octahedral structure. Xenon in XeF^ 
undergoes; sp^d^_ hybridization giving pentagonal bipyra- 
mid with one axis is occupied by a lone pair.] 

16. Sulphur reacts with chlorine in 1:2 ratio and forms X, 
Hydrolysis of X gives a sulphur compound y. What is the 
hybridization state of central atom in the anion of Y? 

(a) sp^ (b) sp (c) sp^ (d) sp^d 

PHanl : S + 2 CI 2 -> SCI 4 ; SCI 4 + 3 H 2 O-> H 2 S 03 + 4Ha 

(X) (Y) 

In 501“, sulphur has sp^ hybridization.] 

Identify the correct sequence of increasing number of 
TT-bonds in the structures of the following molecules : 

(I) H2S2O6 (U) H2SO3 (m)H 2 S 205 

(a) h II m (b) n, m, I 

(c) ai/m (d)iin,n 


[Hint 


17 . 


PHM :: H^O^HO- 


O 

II 

-S- 

II 

o 


o 

-s- 

II 

o 


o 

II 

-OH 47c-bonds ; HaSC^ HO— S 


Irt-bond; H2S2O5HO- 


O 

II 

-s- 

II 

o 


18. Match the following lists : 
List 1 


O 

II . 

-S— OH 3 rtonds ] 


List II 


OH 


(A) 

Ethane 


1 . 

2 sp carbons 

(B) 

Ethylene 


2 . 

6 sp^ carbons 

(C) 

Acetylene 


3. 

2 sp^ carbons 

(D) 

Benzene 


4. 

2 sp^ carbons 




5. 

1 sp and 1 sp^ ( 

The correct answer 

is: 




(A) 

(B) 


(C) (D) 

(a) 

3 

4 


1 2 

(b) 

4 

5 


3 2 

(c) 

3 

1 


■ 2 5 

(d) 

2 

3 


4 5 


19 . 


20 . 


; Ethane H3C—CH3 ( 2 sp'^carbdns); 

i . 4 

$P^ $p^ 

Ethylene H2C=CH2 ( 2 sp^ carbons) 
■ i ' I 

sp^ $p^ 

Acetylene HC^CH i 2 sp carbons) 

4 i * 


sp sp 


Benzene 


sp 


-C C—sp^ 

i‘ II 1 

c—spf 


sp . 

(6 spp- carbons) 

The structure of diborane (B 2 H 6 ) contains : 

(a) four 2C—2e bonds and two 3C —le bonds 

(b) two 2C— 2e bonds and four 3C—2e bonds 

(c) two 2C—2e bonds and two 3C— 2e bonds 

(d) four 2C— 2e bonds and four 3C— 2e bonds 
[Hinl : The structure of B 2 H^ is : 


H 0 ^ 


Hs 


H 

.****^*0 

H 


.H 


Each boron atom is in $p^ hybrid state. Each boron has 
three orbitals associated with one electron each and one 
empty orbital. Two of orbitals to each boron atom overlap 
with hydrogen atoms (terminal) to form normal sigma 
bonds. Thus; four bonds are 2C — 2 e bonds. 

Two hydro^R atoms overlap with rest of the four orbitals 
forming two 3 C-~ 2 f . bonds as two empty orbitals are 
involved.] 

Molmilar shapes of SF 4 , CF 4 and XeF 4 are : 

(a) the same with 2 , 0 and 1 lone pair of electrons 

(b) the same with 1 , 1 and 1 lone pair of electrons 

(c) different with 0 , 1 and 2 lone pair of electrons 

(d) different, with 1 ^ 0 and 2 lone pair of electrons 
[ttrtt The structures are : 

SF4 - sp^d hybridization - trigonal bipyramidal 
. F • 


F F 

€F4 - sp^ hybridization - tetrahedral 
F 


XeF4 - sp^d^ hybridization ~ octahedral 
rF- 


MW 


21 . 


Which of the following is correct ? 

(a) The number of electrons pi^ent in the valence shell in 
SFe is 12 . 

(b) The rates of ionic compounds are very slow. 

(c) According to VSEPR, SnCl 2 is a linear molecule. 

(d) The correct order of ability to form , ionic compounds 

among ^d Al^ is Al^"^ > Mg^'^ > Na***. 
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22 . Which of the following is not isostractoal with SiCl 4 ? 

(a) PO|- (b) NH 4 ^ (c) SCI* (d) SOf 

[Hlnl : S in SCI4 undergoes sp^d hybridization. Thus, the molecule 
has see-saw structure whereas SiQ^ is tebrahedraL * 


Cl 



Cl 


23. The electronegativity difference between N and F is greater 
than that between N and H, yet the dipole moment of 
NH3(1.5 D) is larger than that of NFa®.! D). This is because: 

(a) in MH 3 as well as in NF 3 , the atomic dipole and bond 
dipole are in opposite directions 

(b) in lSrH 3 , the atomic dipole and bond dipole are in the 
opposite directions whereas in NF 3 , th^e are in the 
same direction 

(c) in NH 3 as weU as in NF 3 , the atomic dipole and bond 
dipole are in the same direction 

(d) in NH 3 , the atomic dipole and bond dipole are in the 
same direction whereas in NF 3 , the^ are in the opposite 
directions 

-t -t 

[Hint : ] 

H F 

24. In which of the following molecules are aU the bonds not 
equal? 

(a) AIF3 (b) NF 3 

(c) CIF 3 (d) BF 3 

[Hint : Cl in CIF3 is in sp^d hybridi¬ 
zation. The molecule has 
T-shape structure.] 



25. Which of the following is not a correct statement? 

(a) Every AB 5 molecule dc^s in fact have square pyramidal 
structure. 

(b) Multiple bonds are always shorter than corresponding 
single bonds. 

(c) The electron deficient molecules act as Lewis acids. 

(d) The canonical structures have no real existence 

(Hint : AB5 molecule can be either square pyramidal as IF5 or 
trigonal bipyramid as PCI5.] 

26. Specify the coordination geometry around and hybridization 
of N and B atoms in the 1 : 1 complex of BF 3 and NH 3 : 

(a) N : tetrahedral, sp.^, B : tetrahedral, sp^ 

(b) N : pyramidal, sp^, B : pyramidal, sp^ 

(c) N : pyramidal, sp^, B : planar, sp^ 

(d) N : pyramidal, sp^, B : tetrahedral, sjP 

[Hint : The lone pair present on nitrogen in ammonia molecule 
is donated to boron as BF3 is an electron deficient molecule 
forming a coordinate bond. 

H F 

I I 

->B—F 

I ! 

H F 

Both N and B are in sp^-hybrid state, i.e., two tetrahedral 
are joined with each other.] 

27. Identify the correct order of decreasing bond strength in 

the bonds formed by 2 s- 2 s, 2 p- 2 p and 2 s~ 2 p overlapping: 
(a) 2 s- 2 s > 2 s- 2 p > 2 p- 2 p " (b) 2s-2$ > 2 p- 2 p > 2 s- 2 p 

(c) 2p-2p > 2s-2p > 2s-2$ (d) 2p-2p > 2s-2s > 2s-2p 

IHint ; Bond strength depends on the extent of overlapping. 
Maximum overlapping occurs in the case of p-orbitals.] 

28. The hybridization of I in IClJ is: 

(a) sp (b) sp^ 

(c) sp^ (d) dsfp- 

■Hint i State of hybridization, H - l/ 2[7 + 2 - 1 + 0 ] = 4 
or sp^-hybridized] 




1. 

<d) 

• 2 . (d) 

3. (a) 

4. (b) 

5 . (c) 

6. (b) 

7 . (a) 

8. (c) 

9. (0 

10. (a) 

11. 

<b) 

12 . (a,c) 

13. <d) 

14. (b) 

15. (c) 

16. (a) 

17. (b) 

18. (a) 

19. (a) 

20. (d) 

21. 

(a) 

22. (c) 

23. (d) 

24. (c) 

25. (a) 

26. <a) 

27. (c) 

28. (c) 
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Matrix Matching Questions forllT Aspirants 


1 . Match list’I with List-II: 4. Match . the orbitals in list-II with the hybridization in 

List-I List-n List-I and shape in List-Ill: 


(a) Molecule with sp hybrid (p) H—C^C—H List-I List-II List-III 


carbon 


(a) sp^d 

(p) d^r dyzf d^ (u) Octahedral 

' (b) Allene 

(q) CH 2 =C=CH 2 

(b) > spV 

(q) d;^ _ yi, d ^2 (v) Pentagonal 

(c) Electron deficient (r) PCI 5 


bipyramidal 

(d) Expanded octet (s) BeCl 2 

(c) spV 

(r) d^z (w) Trigonal 

2, Match List-I with List-II: / 


bipyramidal 

List-I 

List-II 

5, Match the molecular species in List-I and their magnetic and 

(a) PCI 5 

(p) Two axial bonds + three lone pairs 

molecular orbital properties in List-II: 

(b) XeFj 

(q) Two axial -i- two equitorial bonds 

List-I 

List-II 

(c) SF 4 

(r) Two axial -f one equitorial bonds 

(a) O 2 

(p) Bond order = 2 

(d) CIF 3 

(s) Three equitorial + two axial bonds 

(b) N 2 

(q) Diamagnetic 

3. Match the molecular species in List-I with their shape in 

(c) H 2 

(r) Bond order = 3 

List-II: 


(d) Of- 

(s> Paramagnetic 

LisH 

List-II 




(a) Linear shape (p) CS 2 

(b) sp hybridization (q) XeF 2 

(c) sp^d hybridization (r) C 2 H 2 

(d) CO 2 is isostractural to (s) NCO” 



1 . 

(a-p, q) 

(b-q) 

(c-s) 

(d-r) 

4 . (a-r~w) 

(b-q-u) 

(c-p-v) 

2 . 

(a-s) 

(b-p) 

(c-q) 

(d-r) 

S. (a-p, s) 

(b-q, r) 

I 

1 

3 . 

(a^, r. p, s) 

(b-p,. r, s) 

(c-q) 

(d-p) 





Assertion-Reason Type Questions 


The questions given below consist of an Assertion (A) and 
Reason (R). Use the following key to choose the. correct answer. 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of the (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of the (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 

1 . (A) Bond order in a molectde can assume any value, positive 

or negative, integral or fractional including ^ro. 

(R) It depends upon the number of electrons in the bonding 
and antibonding orbitals. IA.LLM.S. 19941 

2. (A) Ionic compounds tend to be non-volatile. 

(R) Intermolecular forces in these compounds are weak 

IA.I.LM.S. 19941 

3. (A) The atoms in a covalent molecule are said to share 

electrons, yet some covalent molecules are polar, 

(R) In polar covalent molecule, the shared electrons spend 


more time on the average near one of the atoms. 




[A,LLM.S. 19961 


4. (A) Nitrogen is inreactive at room temperature but becomes 

reactive at elevated temperature (on heating or in the 
presence of catalysts). 

(R) In nitrogen molecule, there is extensive delocalization 
of electrons. |A-LLM,S. 1996] 

5. (A) Water is a good solvent for ionic compounds but pcx>r 

one for covalent compounds. 

(R) Hydration energy of ions release sufficient energy to 
overcome lattice energy and bmak hydrogen bonds in 
water while covalart bonded compounds interact so 
weakly that even van der Waals^ forces between mole¬ 
cules of covalent compounds cannot be broken. 

IA.LI.M,S. 19%) 

6 . (A) Na 2 S 04 is soluble in water while BaS 04 is insoluble. 
(R) Lattice energy of BaS 04 exceeds its hydration energy. 

[A.LLM.S. IW] 

7. (A) NO 3 is planar while NH 3 is pyramidal. 

(R) N in NOi is $p^ and in NH 3 it is sp^ hybridized. 

tA.LLM.S. 19971 
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8 . (A) N 2 and NO*^ both are diamagnetic substances. 

(R) NO"^ is isoelectronic with N 2 . [A.LLM.S. 1997] 

9. (A) The bond angle of PBrs is greater than PH 3 but the bond 

angle of NBrs is less than NH 3 . 

(R) Electronegativity of phosphorus atom is less than that 
of nitrogen. [A.LLM.S. 1997] 


10. (A) The electronic structure of O 3 is O 

/ \ 

O O’ 


(R) 


/\ 
o o 

'O' cannot be expanded 


Structure is not allowed because octet around 

[LLT. 1998] 


11 . (A) Lia is predominantly a covalent compound. 

(R) Electronegativity difference between 'LV and 'CT is too 
small. [LI.T. 1998] 

12 . (A) Bond order can assume any value including zero. 

(R) Higher the bond order, shorter is the bond length and 
greater is the bond energy. [AJ.LM.S. 1999] 


13. (A) The dipole moment helps to predict whether molecule 

is polar or non-polar. 

(R) The dipole moment helps to predict the geometry of 
molecules. [A.LLM.S. 19991 

14. (A) The O—O bond length in H 2 Q^ is shorter than that of O 2 F 2 . 

(R) H 2 O 2 is an ionic compound. [A.LI.M.S. 2003] 

15. (A) All F—S—F angles in SF 4 are greater than 90° but less 

than 180°. 

(R) The lone pair-bond repulsion is weaker than bond pair- 
bond repulsion. [A.LI.M.S. 2004] 

16. (A) B 2 molecule is diamagnetic. 

(R) The highest occupied molecular orbital is of 0 type. 
[Hint : In B 2 , total number of electrons are 10 ( 0 ls)^(ols)^ 
(025)^(02s)^{ir2py)^(7c2p2)^-paramagnetic. The highest 
occupied orbital is of n type.] 

17. (A) The S——S bond angle in Sg molecule is 105°, 

(R) Sg has V-shape. [A.LI.M.S. 2008] 

18. (A) Fluorine molecule has bond order one. 

(R) The number of electrons in antibonding molecular 
orbitals is two less than in bonding molecular orbitals, 

[A.LLM.S. 2008] 



1. (a) 2. (c) 3. (a) 4. (c) 5. (a) 6 . (a) 7, (a) 8 . (a) 9. (b) 10. (b) 

11. (c) 12. (b) 13. (a) 14. (d) 15. (c) 16. (d) 17. (c) 18. (a) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 

When anions and cations approach each other, the valence 
shell of anions are pulled towards cation nucleus and thus, 
shape of anion is deformed. The phenomenon of deformation 
of anion by a cation is known as polarization and the ability 
of the cation to polarize the anion is called as polarizing 
power of cation. EXie to polarization, sharing of electrons 
occurs between two ions to some extent and the bond shows 
some covalent character. 

The magnitude of polarization depends upon a number 
of factors. These factors were suggested by Fajan and are 
known as Fajan's rules. 

(i) Greater is the polarization in a molecule, more is 
covalent character. 

(ii) As the charge on cation increases, its tendency to 
polarize the anion increases. 

(iii) As the size of the cation decreases or size of the anion 
increases, the polarization increases. 

(iv) .The cations with 18 electron in the outermost shell 
bring greater polarization of the anion than those 
with inert gas configuration even both the cations 
have same size and same charge. 


1 . Considering BeCl 2 , MgQ 2 , CaCb and BaCl 2 , predict which 
of the following statements is true? 

(a) BeQ 2 is least ionic out' of the given chlorides 

(b) Covalent character increases as the atomic number of 
the metal atom increases 

(c) WZI 2 has the highest melting point among the given 
chlorides 

(d) All are highly ionic compounds 

2. In which of the halides, there is maximum polarization? 

(a) AIF 3 (b) AICI 3 

(c) AlBrs id) AII 3 

3. Which is most covalent in nature? 

(a) NaCl C MgCl 2 

(c) AICI 3 (d) GaCl 2 

4. Non-aquepus solvent like ether is added to the mixture of 

LiCl, NaCl and KCL Which will be extracted into ether? 
(a) NaCl (b) LiCl 

(c) KCl (d) None 

5. Which has the minimum melting point? 

(a) CaF 2 (b) CaCl 2 

(c) CaBr 2 id) Cah 
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THOUGHT 2 

Covalent molecules formed by heteroatoms boimd to 
have some ionic character. The ionic character is due to 
shifting of the electron pair towards A or B in the molecule 
AB. Hence, atoms acquire small and equal charge but 
opposite in sign. Such a bond which has some ionic 
character is described as polar covalent bond. Polar covalent 
molecules can e^diibit dipole moment. Dipole moment is 
equal to the product of charge separation, ^ and the bond 
length, d for the bond. The unit of dipole moment is Debye. 

—IB 

One Debye is equal to 10 esu cm. 

Dipole moment is a vector quantity. It has both magni** 
tude and direction. Hence, dipole moment of molecules 
depends upon the relative orientation of the bond dipoles, 
but not on the polarity of bonds alone. A symmetrical 
structure shows zero dipole moment. Thus, dipole moments 
help to predict the geometry of the molecules. Dipole moment 
values can be used to distinguish between cis- and trans- 
isomers; ortho-, meta- and para-forms of a substance, etc. The 
percentage of ionic character of a bond can be calculated by 
the application of the following formiila : 

% ionic character 


Experimental value of dipole moment ^ 
Theoretical value of dipole moment 


1 . 


Which of the following compounds have zero dipole 
moments? 




[Hixijt ; Symmetrical forms have zero dipole moments.]- 

2 . Which are non-polar molecules? 

(a) XeF 4 (b) BF^ 

(c) NHa (d) H 2 O 

3. A diatomic molecule has a dipole moment of 1,2 D. If the 
bond length is 1.0 x 10“^ cm, what fraction of charge does 
exist on each atom? 

(a) 0.1 (b) 0,2 ‘ 

(c) 0.25 (d) 0.3 


4 . 


[Hint:: Charge 


Dipole moment _ 1.2 x 10”^® 
Bond length 1 .0 x 


= 1.2 X 10“'^®esu 


1.2x10”^® 

Fraction of electronic charge = ~—rTTin = 0.25] 

^ 4.8x10 

Arrange the following compounds in increasing order of 
dipole moments, toluene (I), o-dichlorobenzene (II), 


m-dichlorobenzene (III) and p-dichlorobenzene (IV) : 

(a) IV < I < n < m (b) I < IV < II < m 

(c) IV < I < m < n (d) IV < II < I < m 

5. The dipole moment of MF3 is very much less that of NH3 
because : 

(a) number of lone pairs in NF3 is much greater than in 
NH3 . 

(b) unshared electron pair is not present in NF3 as in NH3 


(c) both have different shapes 

(d) of different directions of moments of N—^H and 
N—^F bonds 

6 . A covalent molecule, x-y, is found to have a dipole moment 
of 1.5 X 10” cm and a bond length 150 pm. The percentage 
of ionic character of the bond will be: 

(a) 50% (b) 62.5% 

(c) 75% (d) 90% 

[Hint : Peal = 1.602 x 10"^^C x 150 x 10"^^ m = 2.4 x 10”^^ cm 

Pobs = 1-5 X 10““^^ 

% ionic character = x 100 = 62.5 ] 

2.4x10”^^ 


THOUGHT 3 


According to the concept of resonance, whenever a single 
l^wis structure cannot describe a molecule accurately, a 
number of structures with almost same energy and similar 
positions of nuclei, bonding and non-bonding pairs of 
electrons are taken as canonical structures of the resonance 
hybrid which describes the molecule accurately. In general, 
the msonmee stabilizes the molfecule as the energy of 
resonance hybrid is less than the energy of any single 
canordcal structure and resonance averages the bond 
characteristics as a whole. Actually resonance hybrid does 
not oscillate between the canonical forms but it is a definite 
form and has a definite structure which cannot be written 
on paper. The contributing structures should be such that 
negative charge resides on more electronegative and positive 
charge on the electropositive. Like charges should not reside 
on atoms close together in the canonical forms. 

As a result of resonance, the bond order changes in many 
molecules or ions. 

Total number of bonds between two atoms 

„ , , in all the structures 

Bond order =— rj . . . - t - -7— . — 7- - - 

Total number of resonating structures 

Formal charges on atoim in the molecide helps in selecting 
most favourable canonical form to the hybrid form. 

1. Consider the followiiig statements about the resonating 
stmetures of benrene. 

» 




Kekule’s Dewar’s 

The correct statement(s) is/are: 

(a) Two Kekule's stmetures contribute 80% while 
remaining three Dewar's stmetures 20% only. 
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(b) Because of the resonance, all C —C bonds in benzene 
become identical 

(c) Resonance decreases the bond length of C—C single 
bond and increases the bond length of C=C bond¬ 
ed) Benzene becomes less stable and more reactive due to 

resonance. 

2, The bond order of C—O bond for CG 3 ” ion is: 

(a) 1.25 (b) 1.33 

(c) 1.5 (d) 1.0 

[Hint : The resonance structures of caibonate ion are : 

O O 0 ”“ 

^C\ ^ ^ 

-O O'" O O- -O o 

B.O.'= = 1.33] 

3, Which is not true for resonance? 

(a) Identical bonding 

(b) Identical arrangement of atoms 

(c) Same number of paired electrons 

(d) Structure with nearly same energies 

4, The most unlikely representation of resonance structure of 
p-iiitrophenoxide ion is: 




5. Which resonance structure of N 2 O is more favourable than 
others?' 

(a) '^n===:n = 6 ^ (b) :n = n-45:” 

•• •« 

(c) 2”:N—N = 6: (d)None 

• • 

(Hlitt :i Negative charge should be pre^nt on more electro¬ 
negative atom.] 


immm 4 . ____ 

Molecular orbital theory is based on the principle of 
linear combination of atomic orbitals. According to this 
approach when atomic orbitals of the atoms come closer, they 
undergo constructive interference as well as destructive 


interference giving molecular otbitals, i.e., two atomic orbitals 
overlap to form two molecular orbitals, one of which lies at 
a lower energy level (bonding molecular orbital) than the 
other at higher energy level (antibonding molecular orbital). 
Each molecular orbital can hold one or two electrons in 
accordance with Pauli's exclusion principle and Hund's 
rule of maximum multiplicity. For molecules upto N 2 , the 
order of filling of orbitals is: 

0(ls), 0(ls), 0(2s), 0(2s), %( 2 p^) = %( 2 pyX oilpj, iilpj) 

= l(2py), a(2pz) 

and for molecules after N 2 , the order of filling is: 

0(ls), 0(ls), 0(2s), 0(2s), ailp^h %i 2 p^) = %^ 2 pyl Ki 2 p^) 

^ nilpy), a(2pj 

I 

Bond order =2 [bonding electrons - antibonding electrons] 

Bond order gives the following information: 

(i) If bond order is greater than zero, the molecule/ion 
exists otherwise not; 

(ii) Higher the bond order, higher is the bond dissociation 
energy. 

(iii) Higher the bond order, greater is the bond stability. 

(iv) Higher the bond order, shorter is the bond length. 

1 . The relative stabilities of CN, CN^ and CIST are in the order 
of: 

(a) CN > CN^ > CN’ (b) CN’ > CN > CN"*" 

(c) CN’ > CN-" > CN (d) CN^, > CN > CN” 

. [Hiiit.; Bond order: CN=^ = 25, CN-=i2^ = 3, 

■ CN"‘ = ^ = 2] 

2. Molecular orbital theory is preferred over valence bond 
theory as it can explain: 

(a) bond strength 

(b) geometry of molecule 

(c) the magnetic nature of the molecule 

(d) none of the above 

3. will have: 

(a) bond order lower than O 2 

(b) bond order higher than O 2 

(c) bond order equal to O 2 

(d) bond order equal to H 2 

4. Which of the following molecule is paramagnetic? 

(a) Fa (b) O 2 

(c) N 2 (d) H 2 

5. In which set of molecules ail the species are paramagnetic? 

(a) B 2 , O 2 , Na (b) B 2 , 02 , NO 

(0 Ba, Fa, O 2 (d) Ba, O 2 , Lia 

6 . Which one of the following statements is correct? 

(a) Bonding molecular orbital is lowered by the same, 
amoimt of energy by which antibonding molecular 
orbital is raised. 

(b) Bonding molecular orbital is iowemd by greater amount 
of energy than the amount by which antibonding 
molecular orbital is raised. 
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(c) Bonding molecular orbital is lowered by lesser amount (d) Any one of the above is possible, 

of energy than the amount by which antibonding 
molecular orbital is raised. 


I 


Thought 1 l. (a) 2 . (d) ^ 3. (c) 4. (b) 5. (d) 

Thought 2 1. (b,d) 2 . (a,b) 3. (c) 4. (c) 5. (d) 6 . (b) 

Thoughts 1 . (a,b,c) 2. (b) 3. (a) 4. (c) 5. (b) 

Thought 4 1. (d) 2. (c) 3. (a.d) 4. (b) 5. (b) • 6 . (c) 



The answer to each of the faUowing questions is a single 7. Dipole moment of certain diatomic molecule X—Y is 
digit integer, ranging from 0 to 9, 0.38 D. If the X—Y distance is 158 pm, the percentage of 

1 . What is the % ionic character in HI? Given electronegativity electronic charge developed on X-atbm is : 

of H = 2 and I = 2.5. 8 , How many electrons are present in antibonding MO's in 

2 . The number of orbitals involved in the hybridisation of ion? 

XeF 2 is : 9. How many carbon atoms of 1,3‘butadiene have sp^-hybrid 

3. The formal charge on the carbon atom in the carbonate ion state? 

IS : 10 . The number of pi bonds present in tetracyanoethylene 

4. In SF 4 , S atom has dsp^ hybridisation. What is the value of moleaile is : 

X? 11. The numte of lone pairs on Xe in XeF 6 is : 

5. How many total bonds (sigma and pi bonds) are present in 12 . The maximum number of hydrogen bonds that a molectde 

ozone molecule? of water can have is : 

6 . A complex ion [FeCHaO)^!^^ is found to he paramagnetic. 

Its magnetic moment is 4.B9 BM. How many unpaired 
electrons are present? 




1 . (7) Percentage ionic character = [16(X/i —Xg) + 3.5 (X^—Xb)^] 

= 16 X 0.4 + 3.5 X (0.4)^ = 7 

2 . (5) H - 1/2 [V + M - M 

where H ^ Number of orbitals involved in hybridisation 
V = Valence electrons of centr^ atom i 
M == Number of monovalent atoms linked with 
central atom . 

. C = Qtarge on the cation 
. A = Charge on the anion 

H - 1/218 + 2 ^ 0 + 0] = 5 

3. (0) Formal charge = Valence electrons - lone pair electrons 

1/2 bonding electrons 

O = 4 ^ 0 ^ 1/2 X 8 = 0 


5. (3) 2 sigma and one pi bonds 

6 . (4) Magnetic moment = .^n(»+2) = 4.89 BM 

= 1 / 4 x 6 = 4.89 BM ■ 

7. (5) r=iV=“«^ = 2,4xlO-" - 

4-y ^ 158xl0‘“’ - 

2 4x10“^^ 

% ekctron charge = —^^ x 100 = 5 
4.8x10-“ 

8 . ( 4 ) Configuraaon of CN* ion is mcs2s)Ha2sf{n2p,f{n2pj^f 

9. (4) CHz = CH ~ CH = CH 2 . 

All U>e carbon atoms are sp^ hybridised. 

10 . (9) The structure of tetracyanoethylene is : 

N^Cv /C^N 


-O^ ^O" 



4.(3) H= 1/2 [V + M - C + AI 11. (1) XeF^ 

- Number of orbitals involved The molecule has pentagonal bipyramidal geometry with one 

= 1/2 [6 + 4 - 0 + 0] = .5 apex occupied by a lone pair. 

■ 1 + 1 + 3,= 5 • ■ ,>12.(4) ■ 
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3*^ INTRODUCTION 

Acids and bases were first recognised as sptedfic classes of 


aqueous solutions. The properties of acids and bases are listed 


below: 


Properties of acids 

Pmperties of ba^ 

1 . Sour* in taste. 

2. Change colours of indicatoi^, 

litmus turns from blue to 
r^; phenolphthalein turns 
from pink to colourless. 

3. Electrolytic conductivity in 
aqueous solution. 

4. React with active metals to give 1 
hydrogen. 

5. Acidic properties disappear 
when react with bas^ 
(Neutralisation). 

6 . Decoixipose carbonates. 

Bitterness in taste. 

Change colours of indicators, 
litmus turns from red to blue; 
phenolphthalein turns from 
colourless to pink. 

Electrolytic conductivity in 

aqueous solution. 

S<kpy touch and slippery in 
nature, 

B^ic properties disappear when 
leact with adds (Neutralisation). 


In 1783, Lavoisier suggested that adds are the oxy-compounds 
of non-ntetals. This view was soon rejected by Davy as a result 
of his studies on muriatic acid (hydrochloric acid). The search for 
a common factor in adds came to light when the German chemist, 
Liebig, proposed the following definition of an add in 1830, 


An acid is a compound which contains one or more 
hydrogen atoms replaceable partially dr completely by 
a inetal or a positive radical to produce a salt 

Several theories (concepts) have been proposed to 
explain the behaviour of adds and bases on the basis of 
structure and composition, but no single th^ry explains 
the overall behaviour of adds and bases. Each of the 
theory or concept can be applied with advantage in 
appropriate drcumstenoes. In a given situation, the 
chemist uses that concept which best suits his purpose. 

The most popular theories or concepts are described 
in this chapter. 

3^ ARRHENIUS CONCEPT 

This concept was presented in 1887, According to this 
concept all substances which give ions when 
dissolved in water are called acids while those which 
ionise in water to furnish ions are called bases. 

Water 

HA + A" 

Acids 

Water 

BOH + OH' 

Base 


* The word acid is a Latin word —addus meaning sour. 

Warning i The chemicals in the laboratory should never be tasted as these can be poi^nous and prove fatal sometimes. 
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Water 


HCl 

.. 

H-^ + cr 

Acid 

Water 


H2SO4 


2 H+ + sol” 


Acid 

Water 


NaOH 


Na"" + OH” 

. 

Base 

Water 


NH4OH 


NH| + OH' 


Base 


The reaction between an acid and a base is termed neutra¬ 
lisation, ie., neutralisation involves the reaction between 
and OH“ ions to form water. 

NaOm4 HCl; ^ (Neutrall^tion) 

Base Acid Salt Water 

OH^ + H 2 O 

Actually free ions do not exist in water. They combine 
with solvent molecules, f.e., hydrated to form hydronium or 
hydroxinium (HsO^) ions. 

H+ + H2O HsO^iaq) 

Thus, the ionisation of acids in aqueous solutions should 
be represented as: 

HCl + H2O ^ (aq) + CHaq) 

H2SO4 + 2H2O 2H30"^ (aq) + SOfiaq) 

Evidence for Arrhenius theory comes from the heat of 
reaction, AH'’, for the neutralisation of a strong add by a 
strong base. This neutralisation is essentially the reaction of 
H^O^iaq) with OHTiaq) and should, therefore, always give 
the same AH® per mole of water formed. Experimentally, it is 
found that all neutralisation between strong acids and strong 
bases have the same AH® (- 55.90 kj per mole of H^). 

s Limitations of Arrhenius Concept 

(i) It is applicable only to aqueous solutions. For the acidic 
or basic properties, the presence of water is absolutely 
necessary. Dry HCl shall not act as an acid. 

(ii) The concept does not explain acidic or basic properties 
of acids and bases in non-aqueous solvents respectively. 

(iii) It faOs to explain the acidic nature of the non-ptotic 
compoimds such as SO2/ NO2, CO2, P^Os, etc.^ which do not 
have hydrogen for furnishing iom. ' 

<iv) It fails to explain the basic nature of compounds like 
NH3, Na2C03, etc., which do not have OH in the molecule to 
furnish OH“ ions, 

(v) It fails to explain the acidic nature of certain salts such 
as AICI3 in aqueous solution. 

Modified Arrhenius Concept 

The modified concept rectifies most of the limitations. 
Water is a weak electrolyte and ionfees to a very small extent. 


H2O H^ + OH‘ 

H~^ + H2O HsO^ 

H2O + H2O ^ HaO’' + OH" 

Water is also neutral in nature, i.c., and OH" ion 

concentrations are equal. 

" [HaO^l^^f^-] 

The substances which increase the concentration of 
HsO^ ions in water act as acids while those which incre^e 
the concentration of OH" ions act as bases. SO2 increases 
HaO^ ion concentration. Hence, it is an acid. 

Water 

SO 2 + H 2 O-> H 2 SO 3 H 30 ^ + HSOi 

Similarly, NH3 behaves as a base as it increases OH“ ion 
concentration, 

NH3 + H2O-> NH4OH NHj + OH" 

n Basicity or Protocity of an Acid 

The basicity of an acid is the number of hydrogen ions 
which can be furnished by one molecule of the acid upon 
dissociation. An acid liberating 1 , 2 or 3 H^ ions are respec¬ 
tively known as monobasic, dibasic and tribasic (monoprotic, 
diprotic and triproHc). Polyprotic acids usually dissociate in 
steps. 


Add 

Dissociation 

Basicity 

rid 


H+ + Cl' 

1 [Monoprotic] 

HNO 3 

HNO3 ^ 

H^,+ NOi 

1 [Monoprotic] 

CH3C00H 

CH3COOH 

+ CH3C00‘ 

1 [Monoprotic] 

H 2 SG 4 

, H 2 SO 4 

H'" + HSO^ 



HSOi 

H'" + Sb|" ' ” 



H2SO4 

2H* + SP|" 

2 [Diprotic] 

H3PO4 

H3PO4 

H”" + HaPOJ 



HzPOJ 5=^ 

H'" + HPO|" 



HPPi' 

H'" + Ppf 



HiP04 ^ 

3 H^ + PO^ 

3 [Tiiprotic] 

H3PO3 

HsPOa-^ 

+ HiPof 



■HjPOi 

H”" + HPO|“ 



H3PO3 ^ 

2 H'" + HPP|" , 

2.[Diprpdc] . 

H3PO2 

H3PO2 ^ 

H;" + HzPOi 

1 [Monoprotic] 


It is clear freon the above table that basicity of an acid is 
not necessarily the htimber of hydrogen atoms present in one 
molecule of the acid but the number of hydrogen ions 
furnished by one molecule. An acid is generally termed as 
polybasic or polyprotic when a molecule of ii produces more 
than one H”^ ion in aqueous solution. 
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1 Acidity or Hydroxicity of a Base 

The acidity or hydroxicity of a-base is the number of 
hydroxyl ions produced from one molecule of the base on 
dissociation, A base liberating 1/ 2 or 3 OH~ ions are 
respectively known as monoacidic or monohydroxic, diacidic 
or dihydroxic, triacidic or trihydroxic. Sodium hydroxide 
(NaOH), ammonium hydroxide (NH4OH), potassium 
hydroxide (KOH) are monoacidic or monohydroxic bases 
while calcium hydroxide [Ca(OH)2], barium hydroxide 
[Ba(OH)2] are diacidic or dihydroxic bases. 

[Acidity may also be considered as the number of ions 
that can be accepted by one molecule of the base.] 


3 strength of Acids and Bases 


The strength of an acid or a base in Arrhenius concept is 
based on the extent of ionisation or the equilibrium constant. 

The equilibrium constant, for the acid, HX, is : 

[HX] 

The equilibrium constant, for the acid, BOH, is : 

^ [B^][OH-] 

^ [BOH] 

The acids which are highly ionised in aqueous solutions, 
i.e,, giving large number of hydrogen ions are known as 
strong acids. The value of Ka for strong acids is higher than 
0 . 1 . HCIO4, HNO3, H2SO4, HCl, etc., are very strong acids. 
The value of is very small for weak acids such as 
CH3COOH, H3PO3, H2CO3, H3BO3/ etc. For example, value 
of CH3COOH is 1.8 X 10“^ at 25 “C. In other words, in the 
case of weak acid, the ionisation is only slight and the major 
part remains as undissociated molecules. 

The bases which are highly dissociated in aqueous solu¬ 
tion to produce large number of OH“ ions are called strong 
alkalies. The value of for strong alkalies is higher than 
0 . 1 . NaQH, KOH, Ba(OH)2, etc., are strong bases. The value 
of K}j is low for weak bases such as NH4OH, Al(OH)3, 
Fe(OH)3, etc. 



BRONSTED-LOWRY CONCEPT 


The concept was proposed independently by Bronsted and 
Lowry in 1923 . According to this concept acids are the 
species capable of donating the proton in a reaction while 
bases are the species capable of accepting the proton in a 
reaction, Le., acids are proton donors (protogenic) and bases 
are proton acceptors (protophilic). Consider the reaction. 


HCl + H2O H30'' + cr 


In this reaction, HCl acts as an acid because it donates a 
proton to the water molecule. Water, on the other hand, 
behaves as a base by accepting a proton from an acid. Some 
other examples are : 


CH3COOH + H2O HsO^ + CHsCOO' 

CO2 + 2H2O + HCO3 

NH^ + H2O HsO^ + NH3 

HSOi + H2O HgO'' + SOi" 

Consider the reaction, 

NH3 + H2O NHj + OH“ 

In this reaction, water acts as an acid as it donates a 
proton to NH3 molecule and NH3 behaves as a base as it 
accepts a proton. Some other examples are : 

OH“ + H'' H2O 

CN” + H2O HCN + OH" 

NO2 + H2O HNO2 + OH" 

It is evident from above examples that H2O can act 
both as an acid and a base. H2O is thus regarded as 
amphiprotic. 

-H-" +H'' 

H2O OH" ; H2O H 30 ^ 

Acid Base 

NH3 and CH3COOH also act as amphiprotic. 

_H+ +H'‘' 

NH3 NH2 ; NH3 NH4 
Acid Base 

When an acid loses a proton, the residual part of it has a 
tendency to regain a proton. Therefore, it behaves as a base. 

Acid H^ + Base 

The acid and base which differ by a proton are known to 
form a conjugate pair. Consider the following reaction : 

CH3COOH + H2O H30^ + CH3COO" 

It involves two conjugate pairs. The acid-base pairs are : 

-H"" +H'' 

CH3COOH CHsCOO" ; H2O H30^ 

Acid Base Base Acid 

If in the above reaction, the acid, CH3COOH is labelled 
acidi and its conjugate base, CH3COO~ as basei and the H2O 
is labelled as basen and its conjugate acid, H30'^ as acidu, 
the reaction can be written as : 

Acidi + Baseyi Basej + Acidu 

Thus, any acid-base reaction involves two conjugate pairs, 
i.e., when acid reacts with a base, another acid and base is 
formed. Some more examples are given below : 

Acidi + Basen Acidu + Basei 

H2O + NH3 NH4 + OH" 

HCN + H2O HsO^ + CN" 

NH3 + NH3 NH4 + NH2 

H2O + H2O H 30 ^ + OH" 

HCl + NH3 NH4 + cr 

HF + CH3COOH CH3COOH2 + 

HCO3 + H2O HsO^ + COs" 

HNO3 + N2H4 N2H5 + NO3 
HF + HNO3 H2NO3 + F" 

[Fe(H20)6]^'' + H 2 O H 30 "^ + [Fe(H20)5(0H)]^^ 


160 


Thus, every acid has its conjugate base and every base has 
its conjugate acid. Some commonly occurring conjugate acid- 


base pairs 

Add 

are listed below: 

Conjugate base 

Add 

Conjugate base 

HMO3 

NOi 

H2SO4 

HSOi 

HCl 

cr 

HSOJ 

SO4" 

HBr 

Br^ 

H2CO3 

HCO3 

H2O 

OH“ 

HCOi 

cq|- 

NHj 

NH3 

H2S 

HS" 

CH3COQH 

CH3C00^ 

HS^ 

S^‘ 

HCN 

CN" 

H3PO4 

H2POi 

NH3 

NHi 

H2POi 

HPGf 

H3PO2 

H2PO2 

HPOi" 

POf 


It is dear from the given table that Bronsted-Lowry acids 
and bases can be molecular, cationic or anionic as listed in 
the following table: 


Type 

Add 

Base 

Molecular 

HCIO4, HNO3, H3PO4, H2SO4, 

NH3, N2H4, PH3, 


CHaCCXlH, HCl, H2O 

amines, alcohols. 

Cationic 

NHj, N2H5, PH4, 

[Fe(H20)50H]^^ 


[FeiHzO)*^^ Na^ Ba^-" 

[AUHzOsOH]^* 

Anionic 

HCO3, HSOJ, HSOi, 

cr, Br“, CN", NH2, 


HST, H2PO4 

coi", SO|", OH' 


There is an advantage of Bronsted-Lowry concept that 
besides water any other solvent, which has the tendency to 
accept or lose a proton may decide the acidic or basic 
behaviour of the dissolved substance in that ^Ivent, 
Moreover, it can be said that the term acid or base is 
comparative. A substance may act as an acid in one solvent 
while it behaves as a base in other solvent Acetic acid acts 
as an acid in water but behaves as a base in HF. 

CH3COOH + H2O HaO^ + CHsCCX)" 

(Acid) (Base) (Add) (Base) 

CH3COOH + HF CH3COOH5 + F^ 

(Base) . (Acid) (Acid) (Base) 

On the basis of proton interaction, solvents can be 
classified into four types : 

(i) Protophilic solvents : Solvents which have the 
tendency to accept protons, e.g., water, alcohol, liquid 
ammonia, etc. 

(ii) Protogenic solvents : Solvents which have the 
tendency to donate protons, e.g., water, liquid hydrogen 
chloride, glacial acetic acid, liquid hydrofluoric add, etc. 

(iii) AmpMprotic : Solvents which have both the 
tendencies to accept or donate protons, c.g., water, liquid 
ammonia, alcohol, etc. 

(iv) Aprotic ; Solvents which neither donate nor accept 
protons, c.g., benzene, carbon tetrachloride, carbon 
disulphide, etc. 

Note : In oMer to avoid writing negative powers of 10, or 
SmaEer the value of pK^ indicates the stror^er adds. 
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strength of Acids and Bases 

The strength of an acid depends upon its tendency to lose 
its proton and the strengih of the base depends upon its 
tendency to gain the proton. K^, the equilibrium constant, of 
the following teaction gives a quantitative measure of the 
strength of the acid. 

HA + H2O HsO"' + A" 

^ ^[HsO-^JlA"] 

[HA] 

Larger the value of Ka indicates that the acid is stronger 
in natoe. 

Similarly, of the following reaction gives the 
quantitative measure of the strength of the base. 

B + H2O BH^ + OH” 

[BH‘^][OH“] 

m 

Larger the value of indicates that the base is stronger 
in nature. 

It is further observed that strong acids have weak 
conjugate bases while weak acids have strong conjugate 
bases. 

HCl Cr ; CH3COOH CH3COO^ 

Strong add W^k base Weak acid Strong base 

Acid-Base Chart Containing Some Common 
Conjugate Acid-Base Pairs 



Add 

Conjugate 



pK« 



base 




HI 

r 


10 ” 

-11 


HC 104 

ClOi 


10 '® 

-10 


HBr 

Br” 


10® 

-9 


HQ 

cr 


10^ 

-7 


H 2 SO 4 

HSOi 


10 ^ 

-2 



H 20 

•S 

1 

0,0 

H 2 SO 3 

HSOi 

60 

1 

1.5 X 10 "^ 

1.81 

is 

« 

HSOi 

SO|“ 


1.2 X 10 '^ 

1,92 



u 

• 


‘u 

H 3 PO 4 

H 2 POi 


7.5 X 10“^ 

2,12 

'Z 

HF 


f VM 

0 

35 X 10"* 

3,45 

s 

'S 

0 

CH 3 COOH 

CHaCOO" 

m 

1 

1.8 X 10 "^ 

4.7 

60 

H 2 S 

HS" 

60 
.s ■ 

1.0 X 10 “^ 

7.0 

I 

NHj 

. NH 3 

m 

ns 

g 

5.6 X 10"“ 

9.3 

1 

HCN 

CN“ . 

4.0 X 10"“ 

9.4 


H 2 O 

OH” 


1.0 X 10 "“ 

14.0 


CH 3 OH 

CHaO” 


Very small 

Large 


NH 3 

NH 2 


. Very small 

Large 


generally converted into pK„ (-logio K„) or Wogjo Kj,) respectively. 




Acids and Bases 


161 


The strength of an acid also depends upon the solvent. 
The acids HCIO4, HCl, H2SO4 and HNO3 which have nearly 
same strength in water, will be in the order of, 

HCIO4 > H2SO4 > HCl > HNO3 

in acetic acid, since the proton accepting tendency of acetic 
acid is much weaker than water. HCl acts as a stronger acid 
in NH3, weak acid in CH3COOH, neutral in benzene and a 
weak base in HF. 

Levelling and Differentiating Effect 

Water is a strong ba^ as it has a great tendency to accept 
protons from strong acids. Thus, all strong acids such as 
HCIO4, HBr, HI, H2SO4, etc., almost completely react with 
water tod they appear to be equally strong in water. This 
effect of water and other strong bases to level all the strong 
acids to the same strength is known as levelling effect 
Consequently, no acid significantly stronger than H30'^ can 
survive in water. So, relative strengths of strong acids cannot 
be determined in water. 

An analogous limit can be found for bases in water. Any 
base B that is strong enough to undergo complete protonation 
by donation from water, leaving OH^ ions in solution in 
place of every B molecule added, will be levelled. The OH" 
ion is the strongest base that can exist in water because 
anything stronger immediately forms OH” ions by reaction 
with water. Thus, alkali metal amides and methariides cannot 
be studied in water because both anions generate OH” ions 
quantitatively and are fully protonated to NH3 and CH4. 

KNH2 + H2O K%q) + OHla^j) + NRsiaq) 

LiCHa + ’H20 ^ U%q) + + CH 4 (g) 

When strong acids are dissolved in a weak acid or a weak 
base, all are not equally ionised and their relative strengths 
can be differentiated. It is called differentiating effect. For 
example, acetic acid instead of water as a solvent can be used 
for the grading of strong acids. This is because of the poor 
proton accepting character of acetic acid. The acidic 
character of a number of acids when dissolved in glacial 
acetic acid (solvent) has been determined by measuring 
degree of dissociation. The acidic character has been foimd 
to be in the following order : 

Ha04 > HBr > H2SO4 > HCl > HNO3. 

Limitations 

(i) A substance is termed as an acid or base if it reacte with 
some other substance, Le,, if it donates proton to other 
substance, it is an acid and if it accepts proton from other 
substance, it is a base. 

(ii) There are number of acid^base reactions in which no 

proton transfer takes place, e.g., . 


SO2 + SO2 + SO3" 

Acidi Basen Acidu Basej 

Thus, the protonic definition carmot be used to explain 
the reactions occurring in non-protonic solvents such as 
COCI2, SO2, N2O4, etc. 

Example 1, Identify the Bronsted acid and its conjugate base 
in the following: 

(a) POt + H2O HPOf + OH" 

ib) H2Fe(COh + CH3OH [Hfe(CO)4r + CH3OH2 

(c) HNO3 + H2O H3O* +■ NO3 

id) NH^ + H2S NHt + HS" 

Solution: 

In (a), H2O transfers a proton to POf^, thus, H2O is 
Bronsted acid and OH” is its conjugate base. In (b), H2Fe(CO)4 
is an acid as it donates a proton to CH3OH. Its conjugate 
base is [HFe(CO)4]”, In (c), HNO3 is an acid as it donates a 
proton to H2O. NO3 is its conjugate base. 

In (d), H2S is an acid as it transfers a proton to NH3. Its 
conjugate base is HS”. 

Example 2. A bottle is marked with 'Acid' pH = 5 . Whether 
the acid is strong or weak? Explain, 

Solution: 

It cannot be predicted on the basis of pH alone whetlier 
the acid is strong or weak. pH depends on concentration. 

Example 3 * (^2) Liquid NH^ like water is an amphiproti 
solvent. Write the equation for the autoionisation ofNH^, 

(b) Aniline is a weak organic base in aqueous solution. Suggest 
a solvent in which aniline would become a stronger base. 

Solution: 

(a) NH3 + NH3 NHt + NHi 

(b) Any solvent which has appreciably stronger acidic 
properties than water would render anOine as a stronger 
base. Acetic acid is one such solvent. 

3.4>' LEWIS CONCEPT 

A more general and fundamental concept of acid-base 
behaviour was proposed by G.N. Lewis in 1923 (the same 
year in which Bronsted concept was introduced). However, 
the concept became influential only in 1930 onwards. 
According to this concept, a base is a substance which can 
furnish a pair of electems to form a coordinate bond 
whereas an acid is a substance which can accept a pair of 
electrons. A Lewis acid is a substance that acts as an 
election acceptor or electrophile wWle a Lewis base is a 
substance that acts as an electron donor or nucleophile. 
Neutralisation reaction involves the formation of a 
coordinate bond. 

A simple example of an add-base is the reaction between 
a proton and a hydroxyl ion. 
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H++ : 0 :H"->H: 0 :H 

* • « • 

Acid Base 


Some other examples are : 

H3N: + BF3 = H3N BF3 
Base Add 

H+ + :NH3 = [H <- NHsf 

Acid Base 


BF3 + :Fr 


:F ^ BF3 

• • 


Acid Base 

According to Lewis concept, the given species can act as 
Lewis acids : 


(i) Molecules in which the central atom has 
incomplete octet : Lewis acids are electron deficient 
molecules such as BF3, AICI3, GaCla, etc. ' 


H3N: + AICI3-^ H3N-> AICI3 

(ii) Molecules in which the central atom has empty 

d-orbitals : The central atom of the halides such as 81X4, 
GeX4, TiCLi, SnCl4, PX3, PF5, SF4, SeF4, TeCLi, have vacant 

^Lorbitals. These can, therefore, accept an electron pair and 
act as Lewis acids. 

SiF 4 + 4 [SiFfi] 

Lewis acid Lewis base Complex 

(iii) Simple cations ; All cations are expected to act as 

Lewis acids since they are electron deficient in nature. 
However, cations such as Na”^, etc., (inert gas 

configuration) have a very little tendency to accept 
electrons, while the cations like Ag”^, Fe^"^, Cu^^, etc., have 
greater tendency to accept electrons and, therefore, act as 
Lewis acids. 


Ag^ + 2 :NH3-> [H3N ^ Ag ^ NHs 

Fe^+ +6CN--> [Fe(CN)6]'‘^ 

(iv) Molecules having a multiple bond between 
atoms of dissimilar electronegativity: Typical examples 
of molecules belonging to this class of Lewis acids are CO2, 
SO2 and SO3. Under the influence of attacking Lewis base, 
one TC-electron pair will be shifted towards the more negative 
atom. 


OH 
I 

C = O or HCOi 

(v) Elements with an electron sextet : Oxygen and 
sulphur atoms contain six electrons in their valency shell and 
can accept a lone pair of electrons and act as Lewis acids. 

The following species can act as Lewis bases : 

(i) Neutral species having at least one lone pair of 
electrons : For example, ammonia, amines, alcohols, etc., 
act as Lewis bases as they contain a pair of electrons. 


0 = C = 0 + 0 H“ 


:NH3, R—NH2. R—O—H, H—O^H, R—O^R 

•• *♦ »* 

(ii) Negatively chained species or simple anions : 

For example, chloride, cyanide, hydroxide ions, etc., act as 
Lewis bases. 

CN“, cr, OH- F 

(iii) Multiple bonded compounds : The compounds 
which form coordination compounds with transition metals 
such as CO, NO, ethylene, acetylene, etc., can act as Lewis 
bases. 


CH2-=CH2 4-Ag^-> 

It may be noted that all Bronsted bases are also Lewis 
bases but all Lewis acids are not Bronsted acids* 

it Umltations of Lewis Concept 

(i) Lewis theory fails to explain the relative strength of 
acids and bases as different types of reactions are 
involved. 

(ii) Acids such as HCl, H2SO4 do not form coordinate 
bonds with bases. 

(iii) All acid-base reactions are fast. However, the 
formation of coordinate bond is very slow in certain cases. 

Example 4 (a) What is the Lewis acid and base in the 
following reaction? 

INH^iaq) + Ag\aq) -^ [Ag(NHs)2f(aq) 

(b) What allows ethoxyethane to behave as a Lewis base? 

(c) Whether aluminium trichloride is a Lewis acid or a base or 
both? 

Solution; 

(a) The silver ion accepts the lone pairs from 
ammonia. Therefore, Ag"^ is a Lewis acid and ammonia a 
Lewis base. 

(b) The ether has two lone pairs on the oxygen like 
water, 

(c) AICI3 acts both as a Lewis acid and base, i.e., 
aluminium atom is the Lewis acid and chlorine the Lewis 
base. Due to this reason it forms dimer, AI2CI6. 

Example 5 . (a) How do you account for the formation of 
•^ 2 ^ 1 ” SO|“ and S in terms of Lewis acid theory? 

(b) Whether the following reaction is Lewis acid-base reaction 
or not? 

Ca + S -> Ca^'" + S^~ 

Solution: 

(a) A sulphur atom is electron deficient and can thus be 
regarded as an acid. SO^” acts as a base. 
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• • 

:s + 
• * 

Acid 



(b) The reaction is not a Lewis acid-base reaction as it does 
not form a coordinate bond. 



THE LUX-FLOOD CONCEPT 


The concept proposed by Lux ( 1939 ) and extended by Flood 
( 1947 ) to explain acid-base reactions in terms of the oxide 
ion. According to this concept, a base is any substance 
which gives up oxide ions and an acid is any substance 
which gains oxide ions. 



SO4' 

SO3 + 0^" 


Base 

Add 


CaO 

Ca^"" + 


Base 

Add 

SiOz 

+ 

^ sioi' 

Acid 


Base 


Thus, acids are the oxide ion acceptoi^, while bases are 
the oxide ion donors. 

The following reactions, thus, involve CaO, PbO as bases 
and Si02, SO3 as acidic oxides which react together to form 
salte respectively. 

C:aO + Si02 -> CaSiOs 

Base Acid Salt 

PbO + SO3 -> PbS04 

Base Add Salt 

Substances are termed amphoteric if they show a tendency 
of losing as well as accepting an oxide ion. 

ZnO + O^" 5=^ ZnG^' ; ZnO 

Acid Base 

AI 2 O 3 + 2A10i ; Al 2 C^ 2A1^^ + 30^“ 


The Lux-Flood concept can be extended to include transfer 
of any anion, for example, halide, sulphide, etc. 


3 NaF + AIF3 — P ^ 3 Na^+AlF!~ 


Base 


Acid 


39 USANOVICH CONCEPT 


This concept is an extension of Lewis concept. According to 
this concept, an acid is any chemical species which reacts 
with bases, gives up cations or accepts anions or electrons 
and a base is any chemical species which reacts with acids, 
gives up anions or accepts cations or donates electrons. 
Besides, Arrhenius, Bronsted-Lowry or Lewis acids and 
bases, this concept includes all the oxidising agents as acids 


and reducing agent as bases.. Some examples of acid-base 
reactions in terms of this concept are given below : 

Add Base Salt JustiEcation 

CI2 + 2 K -> 2 KC 1 K loses an electron while 

Q gains an electron. 

SO3 + CaO -> CaS04 CaO yields O^ and SO3 

accepts 0^“. 

AS2S5+3(NH4)2S- > 2(NH4)3AsS 4 (NH4)2S loses ions 

while AS2S5 gains S^" 
ions. 

Fe(CN)2+4KCN - > K4Fe(CN)5 Fe(CN)2 combines with 

CN^ ions given by KCN. 


It is the most general concept out of the concepts of 
acid-base so far given. The concept is undoubtedly too broad 
that nearly all the chemical reactioi^ fall into acid-base 
category. 


3.^ HARD AND SOFT ACIDS AND BASES 


All the Lewis acids and bases are classified as hard and soft 
acids and bases. It was proposed by Peaison in 1963 in 
order to explain the stability of the complexes formed by the 
combination of a Lewis acid and a Lewis base. 

Soft bases have donor atoms which are easily polari^d 
and have low electronegativity. The hard bases have 
properties opposite to those of the soft bases, i.e., hard bases 
have donor atom with low polarizabilities and higi 
electronegativity. Within a group in the periodic table, 
softness increases with increasing si:^ of the donor atom. 

Hard bases : H2O, OH‘ F, CH3COO“ PO|", SQ^“, 
Cr, CO^-, ciOi, NOi,ROH,RO-R20,NH3,i?N2,N2H4. 

Soft bases: R2S, RSH, RS“ V, SCN“, S20|“, R3P, R^As, 
(R0)3P, CN" RNC CO, C2H4, CfiHs, FT. 

Border line: C6H5NH2. C5H5N, Br", NO^, SO^", Ng. 


Soft acids are those which possess acceptor atoms, large 
in size, of low positive charge, have high polarizability and 
low electronegativity and do not have noble gas 
configuration. Hard acids are those in which acceptor atoms 
have small size, high electronegativity, low polarizability and 
posses noble gas configuration. 

Hard adds; Li^ Na^ K% Be^*, Al^, 

Ga^-", In^^ La^, Cr^, Fe^, Ti"^, etc. 

Soft adds : Cu+, Ag+, Au^ Te\ Hg^ Cd^"^, Pt^^ 
Hg^^ GaCl3, r, Br^ I2, Br2, etc. 

Border line : Fe^% CO^^, Zn^^ Pb^^ Sn^^, 

Sb^^S02,etc. 

The bonding between hard acids and hard bases are 
predominantly ionic whereas the soft-soft interactions give 
largely covalent compounds. Hard acids have vacant orbitals 
and can accept a-electrons while hard bases with filled outer 
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valence shell orbitals, can donate the CJ-pair of electrons. For 
weak acids and weak bases, Ji-bonding seems to be impor¬ 
tant. The compounds between hard acids and hard bases 
and between soft acids and soft bases are stable. 

zM SOME GENERAL TRENDS IN ACIDIC 
"" AND BASIC PROPERTIES (On the basis of 
Airiieniits and Bionsted-Lowiy concepts) 

In order to analyse the relationship between molecular 
structure, the acids are divided into two types : 

(i) Covalent hydrides t In these the proton is directly 
attached with the central atom of the molecule. Examples are: 
H X (X=F, Cl, Br, I), H2O, CH4, H2S, etc. These are also called 
hydradds or hydroacids. 

(ii) Oxy-acids : In these the proton is attached to an 
oxygen atom, the later being bonded to the central atom. 
Examples are : H2SO3, HNO3, H2SO4, HCIO4, etc. 

^ (1) Covalent hydrides : 

Two factors influence the acid strength of the hydride of 
an element : The el^tronegativity of the element and the 
atomic size of the element. The first of these factors is best 
understood by comparing the hydrides of the elements of a 
period of the periodic table. The second is important when 
group comparisons of the periodic table are made. 

(a) Hydrides of the elements of a period : The acid 
strengths of the hydrides of the elements of a period increase 
from left to right in the same order as electronegativity 
increases. Highly electronegative element withdraws ele¬ 
ctrons from the hydrogen easily and facilitate the release of 
hydrogen as proton. The electronegativities of the following 
second and third period elements fall in the order : 

N < O < F and P < S < Cl 

The acid strength of the hydrides increases in the same 
order: 

NH3 < H2O < HF and PH3 < H2S < HCl 

The incvf^ase in acidic nature is also due to the fact that 
the stability of their conjugate bases increases in tlie order: 

NH2 < OH~ < P^ 

The increase in acidic properties is supported by 
successive increase in the dissociation constant 

NH3(=10”^^) < H20(=10"^‘‘) < HF(=10''‘) 

(b) Hydrides of the elements of a group : The acidity 
of the hydrides of the elements of a group increases with 
increasing size of the central atom. For example in the 
hydrides of VIA or XVI group and VIIA or XVII group, the 
acidic nature^increases as the atomic number of the central 
element increases. 

H 2 O < H 2 S < H2Se < H2Te 
HF < HCl < HBr < HI 
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The two factors which influence add strength work 
against each other in these hydrides. The effect of atomic 
size outweighs the electronegativity effect. A proton is more 
easily removed from a hydride in which the central atom is 
larger than from one in which the central atom is small. The 
charge density on the conjugate base is in the order : 

> Se^“ > Te^“ 

and > Cr > Br” > F 

Greater charge density on the conjugate base will result 
in greater proton attraction. 

The acidic nature of the hydrides of VIIA group elements 
is also explained by the fact that bond energies decrease. 

H—F > H--C 1 > H—Br > H—I 

135kcalinor^ lOSkcalmol"^ 88 kcal mor^ ZlkcalmoF^ 

Due to large electronegativity, hydrogefi bonding exists in 
the hydrides of oxygen and fluorine which also decreases 
their acid strength. 

In the hydrides of the elements having nearly the same 
electronegativity, the acidic nature increases as the size of 
the central element increases. C, S and I possess same electro¬ 
negativity, the acidic nature follows the following order; 

CH4 < H2S < HI 
as the size increases from carbon to iodine. 

^ (ii) Oxy-acids : 

In oxy-acids, the proton is attached to oxygen atom which 
is linked to the central atom. 

a b 
H-O-Z 

The main factors which affect the strength of an oxy-acid 
are: (a) the size of the central atom, (b) the electronegativity 
of the central atoifr and (c) the number of other electronegative 
atoms attached to the central atom. 

Smaller the size and greater the electronegativity of Z 
make the oxy-acid stronger. These factors wiU shift the 
electron pair between Z and O towards Z and this displace¬ 
ment will in turn cause a shifting of electron pair between 
oxygen and hycirogen towards oxygen. Thus, —^H bond 
is weakened and proton is easily released. In the series, 

HOI < HOBr < HOCI 

The electronegativity increases and size decreases, of 
the central element. Same trend is obsen^ed in the oxy 
-acids of different elements in the same oxidation state 
HCIO4 > HBr04 > HIO4. 

Greater the number of negative atoms present in the oxy- 
acid make the acid stronger. In general, the strengths of acids 
that have general formula, 

(HO)^ZO„ 

can be related to the value of n. 


and 
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If n = 0 ; the add is very weak, HOCl, (HO)3B, (HO)4Si. 

li n = 1 /the add is weak, HOCIO, HONO, (HO)2SO, 
(H 0 ) 3 P 0 . 

If « = 2 , the add is strong, HCX:i02. HONO2, (H0)2S02. 

If « = 3 , the acid is veiy strong, HCXZIO3, HOIO3. 

The negative atoms draw electrons away from the Z-atom 
and make it more positive. The Z~atom, therefore, becomes 
more effective in withdrawing electron density away from 
the oxygen atom that is bonded to hydrogen. In turn, the 
electrons of H—O bond are drawn more strongly away 
from the H-atom. The net effect makes it easier for the 
proton release and increases the add strength. 

This effect is illustrated by the foOowing series of acids: 

HOC^ < HOCIO < HOCIO2 < HOCIO3 

+4 4-6 

H2SO3 < H2SO4 

HNO2 < HNO3 

Note : In the above examples, it is evident that strength of the 
acid increases as the oxidation number of the central 
atom increases. However, this rule fails in oxy~acids of 
phosphorus, 

H 3 PO 2 ; H 3 PO 3 ; H 3 PO 4 

as all are weak acids, ie,, about the equal strength. Thus, 
prediction on the basis of oxidation number is incorrect* 
Formal charge on the central atom gives more reliable 
prediction. The strength of the acid increases as the 
formal charge on the central atom increases. 

Formal charge - Group number “ number of bonds - 
number of unshared electrons. 



HOCl < 

HOCIO < HOCIO 2 < HOCIO 3 

Formal charge 

on Cl 0 

+1 +2 

+3 


H 3 PO 2 

; H 2 PO 3 . ; 

; H 3 PO 4 


H 

1 

H 

1 

OH 

1 


HO—P^O 

1 

HO —P ^0 

I 

HO —P ^0 

1 


H 

OH 

OH 

Formal charge 

on P +1 

+1 

+1 


As the formal charge is same, all the above oxy-acids 
of phosphorus are nearly of equal strength. 


strength of Bases 

(a) Among alkali and alkaline earth metals oxides and 
hydroxides, the basic nature increases as the size of the 
central atom increases, i.e., electropositive nature increases. 

CsOH > RbOH > KOH > NaOH > LiOH 
Ba(OH)2 > Sr(OH)2 > Ca(OH)2 > Mg(OH)2 > Be(OH)2 

(b) Among the hydrides of the same group, the basic 
nature decreases with increase in the size of central atom as 
the tendency to accept proton decreases due to decrease in 
electron density (or ability to donate the electron pair 
decreases). 


NH3 > PH3 > ASH3 > SbHa > BiH3 


Basic Less basic 


Neutral 


(c) The larger the size of the atom holding the unshared 
electrons, the lesser is the availability of the electrons, the 
basic strength of halide ions follow the following order : 


F" > cr > Br" > r 

Smaller Larger 

size size 

Similarly, > S^" > Se^" > Te^“ 

(d) The basic nature of a substance decreases with the 
increase of the electronegativity of the atom holding the lone 
pair of electrons, Le,, the tendency to donate the electron pair 
to proton decreases with increase of electronegativity, 

:nh3 > H26: >hf: 

• m 

(e) The presence of a positive charge on the atom holding 
the lone pair decreases the base strength while a negative 
charge increases the base strength. 

:OH>H^O—H > H36: 

»• * • 

(f) Base strength increases with decrease in oxidation state 
of the central atom. 


NH3 > N2H4. ; PHs^ > P2H4 
Oxid. Number --3 -2 „ -3 -2 


Amphoterism 

Substances which behave as bases towards strong acids 
and acids towards strong bases are called amphoteric and 
the phenomenon as amphoterism. Some metal oxides and 
hydroxides are amphoteric. For example, ZnO and Zn(OH)2, 
AI2O3 and A1(0H)3, SnO and Sn(OH)2, PbO and Pb(OH)2, 
Cr203 and Cr(OH)3 are amphoteric in nature. 

ZnO + 2 HC 1 -> ZnClz + H2O 

ZnO + 2 NaOH-> NazZnOz + H2O 

Sn(OH)2 + 2 HC 1 -> SnClz + 2H2O 

Sn(OH)2 + 2 NaOH ^ NazSnOz + 2H2O 

The salts of Zn^*, Sn^+, Pb^"^, Al^ and Cr^+ dissolve in 
excess of NaOH solution due to formation of hydroxide first. 
ZnCl 2 + 2NaOH-> Zn{OH )2 + 2NaGl 

Zn(OH)2 + 2 NaOH-> Na2Zn02 + 2H2O 

. Ixampic 6. Explain on the basis of SHAB principle, 

(a) Ag(CN y2 is stable while AgC/2 is unstable. 

(b) The alkaline earth metals are found in nature as carbonates 
and sulphates whereas mercury and silver are found as sulphides. 

Solution: 

(a) Ag"^ is a soft acid, CN" is a soft base while CF is a 
hard base. Therefore, Ag(CN)2 (soft acid+soft base) is a stable 
complex while AgClJ (soft add + hard base) is an unstable 
complex. 
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(b) The ions Ca^”^, Ba^^, etc., are hard acids while 

SO4 and CO3 ions are also hard bases. Since compounds 
of hard acids and hard bases are stable, alkaline earth metals 
are found in nature as sulphates and carbonates. However, 
and Ag“^ ions are soft acids. They combine with soft 
bases such as to form stable compounds. 

Example 7, Explain the following : 

(a) Bf~ ion is a Lewis as well as Bronsted base. 

(b) is a Lewis as well as Bronsted base. 

(c) Bf 3 is a Lewis acid but not a Bronsted acid. 


Solution; 

(a) Br~ ion contains lone pair of electrons which it can 
donate. Hence, it acts as a Lewis base. Br” can accept proton 
and hence, it acts as a Bronsted base. 

(b) NH3 acts as a Lewis base as the nitrogen po^esses 
a lone pair of electrons which it can donate (H3N 
BF3). It can combine with H^ to form ammonium, 
NHj ion. Hence, it is a Bronstai base. 

(c) BF3 acts as a Lewis acid as it is an electron pair 
acceptor (H3N • + BF3 H3N BF3). BF3 does not 
possess the tendency to lose a proton, hence it is not 
a Bronsted acid. 


0 SUMMARYiAND IMPORTANT POINTS TO R6MeMBeR □ 


1 , The word acid is a, Latin word-flci^^ws meaning sour. 


2, Liebig, in 1830 , defin^ acid as a compound which contains 
one or more hydrogen atoms replaceable partially or 
completely by a metal or a positive radical to produce a 
salt. 

3. According to Arrhenius concept, aU substances which give 

ions when dissolved in water are called acids while those 
which ionise in water to furnish OH“ ions are called bases. 
The reaction between an acid and a base is termed neutrali¬ 
sation, i.e., neutralisation involves the reaction between H'*' 
and OH“ ions to form water. 


Chemical species that differ in composition only by proton 
are called a conjugate pair. 

Add + Base 

Every add has conjugate base. If acid is strong, its con¬ 
jugate base is strong and vice-versa. An add base reaction 
involves two conjugate pairs, i.e., when add reacte with a 
base another acid and base are formed. 

Add| + Basen Addn + Basej 

Hci + H2O ^ -f cr 

Acid Base Acid Base 


Limitations 

(i) It is applicable to aqueous solutions only, ie., water is 
necessary to explain the acidic or basic properties of 
the substances. 

(ii) It fails to explain acidic properties of non-protic 
compoimds such as SC^ P2L^5/ 

(iii) It fails to explain the basic nature of compounds like 
NH3, Na2C03, etc. 

(iv) It fails to explain the addic nature of salts like AICI3 
in aqueous solution. 

4 , Modified Arrhenius concept rectifies most of the limitations. 
Water is a weak electrolyte and neutral in nature, ie., [H30'^] 
= [OH"]. 

The substances which increase the concentration of 
ions in water act as acids while those which increase the 
concentration of OH" ions act as bases. SO2 is thus an acid 
and NH3 is a base. 

water 

SO2 + H2O ^ H2SO3 HgO^ + HSOi 

NH3 + H2O ^ NH4OH ^ NH4'' + OH“ 

5, The strength of an acid or a base in Arrhenius concept is 
based on the extent of ionisation, i.e., on the equilibrium 
constant of an acid, Ka, and on the equilibrium constant of 
a base, JC^. 

6, According to Bronsted-Lowiy concept, a substance is known 
as an acid if it can donate a proton and as a base if it can 
accept a proton. Adds are proton donors (piotogenic) and 
bases are proton accq>tors (protophilic). 


NH3 + H2O ^ NH4^ + OH" 

Basel Acidn Acid| Basen 
H2O can act either as an acid or a base (amphiprotic). 

8 . HCGi HSO 4 , HzPOi, HPO|' H2PO3 and HSO 3 are 
amphiprotic in nature. 

9. Solvents which neither donate nor accept protons, e.g., 
benzene, carbon tetrachloride, cartoon disulphide, etc., are 
called aprotic solvents. 

10 . The strength of an acid depends upon its tendency to lose 
its proton and the strength of the base depends upon its 
tendency to gain the proton. 

HA + H2O ^ + A"; B + H2O ^ H-^B + OH’" 

^ [H30+][A-] ^ lH+B][OH-] 

H- [BJ 

Larger the ¥aliie of Kd indicates ; Larger the value of indicates 

that the acid is stronger in nature. that the base is stronger in nature. 

The strength of an acid also depends on the solvent. The 
acids HQO4, HCI, H2SO4 and HNO3 which have nearly 
same strength in water, will be in the order of : 

HCIO4 > H2SO4 > HCI > HNO3 

in acetic acid. HCI acts as a stronger acid in NH3, weak acid 
in acetic acid, neutral in benzene and weak base in HF. 

In order to avoid writing negative powers, or are 
generally converted into pK^ (-logio KJ or piC^, Hogio K^) 
respectively. Smaller the value of p^ indicates the stronger 
aad. 

11 . Any species, that is an acid by Arrhenius concept remains 
an acid in the Bronsted-Lowry concept. The same is true for 
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bases. Certain spedes which do not contain group 
which are not regarded as bases by Arrhenius concept sudi 
as HCO3, H2POJ, etCv are regarded as bases by Bronsted- 
Lowry concept. 

12 . According to Lewis concept a base is a substance which can 
furnish a pair of electrons to form a coordinate bond whereas 
an acid is a substance which can accept a pair of electrons, 
Lewis add is an electron acceptor, le., electrophile while a 
Lewis base is an electron donor or nucleophile. Lewis acid 
is electron deficient while Lewis base is electron rich spedes 
(lone pair of electrons). 

The following species can act as Lewis acids : 

(i) Mola:ules in which central atom has incomplete octet 
such as : BF3, AICI3, GaCla, etc. 

(ii) Molecules in which central atom has empty rf-orbitals 
such as : 81X4, SnCl4, PF5, SF4, PX3, etc. 

(iii) Simple cations such as : Ag*^, Fe^”^, Cu^*^, etc., have 

a tendency to accept electrons. 

(iv) Molecules having a multiple bond between atoms of 
dissimilar electronegativity such as : CO2, SO2, SO3, 
etc. 

(v) Elements with an electron sextet such as oxygen and 
sulphur atoms. 

The following species can act as Lewis bases : 

(i) Neutral spedes having at least one lone pair of 

«• «« •* 

electrons such as : NH3, R —NH2^ R —O—H, etc. 

(ii) Negatively charged species or simple anions such as : 
Cr, CN", OH", etc. 

(iii) Multiple bonded compounds such as : CO, NO, C2H4, 
C2H2/ etc. 

It may be noted that all Bronsted bases are also Lewis bases 
but aU Lewis acids are not Bronsted acids. 

13. According to Lux-Flood concept a base is any substance 
which gives up oxide ions and an acid is any substance which 
gains oxide ions. Thus, acids are the oxide acceptors, while 
bases are oxide ion donors. 

sof' ^ SO3 + O^' ; Si02 + SIO|” 

Base Acid Acid Base 

14. According to Usanovich concept an acid is any chemical 
species which reacts with bases, gives up cations dr accepts 
anions or electrons while a base is any chemical spedes 
which reacts with acids, gives up anions or accepts cations 
or donates electrons. This concept is an extension of Lewis 
concept. This concept regards all oxidising agents as acids 
and reducing agents as bases. 

15. All the Lewis acids and bases are classified as hard 
and soft acids and bases. It was proposed by Pearson in 1963. 
Soft bases have donor atoms which are easily polarised and 
have low electronegativity such as : RSH, F, X3P, CN", etc. 

Hard b^es have donor atoms which have high electron¬ 
egativity and low polarizabilities such as : H2O, OH", F“, 
cr, COs^ NH3, etc. 

Soft acids are those which have acceptor atoms, large in size, 
low electronegativity, low positive charge and do not have 
noble gas configuration. These possess high polarizability. 

The examples are: Ag”^, Au^, Cd^"^, Sn^*^, Hg^"^ and C, etc. 


Hard acids are those in which atoms have small size, high 
electronegativity, low polarizability and possess noble gas 
configuration. The examples are : H"^, Li”^, Na"^, Mn^“^, 

Al^-" and Ti^, etc. 

The bonding between hard acids and hard bases are 
predominantly ionic whereas the soft-soft interactions 
give largely covalent compounds. All these compounds are 
stable. 

16. Trends in acidic and basic properties : 

Acids are divided into two types: 

(i) Covalent hydrides: In these, proton is directly attached 
to the central atom of the molecule. 

(ii) Oxy-acids : In these, proton is attached to an oxygen 
atom, the later being bonded to the central atom. 

1 . Covalent hydrides ; Two factors influence the acid 
strength, the electronegativity and the size of the central 
atom. 

(a) The acid strength of the hydrides of the elements of 
a period increases from left to right as the electro¬ 
negativity increases. Highly electronegative element 
withdraws the electrons from the hydrogen easily 
and facilitate the release of hydrogen as proton. 

NH 3 < H 2 O < HF and PH 3 < H 2 S < HCl 
Acidic nature increases. 


(b) The acid strength of the hydrides of the eiciuonts of 
a group increases wiljt increasing size of the central 
atom. 

H2O < H2S < H^e < H 2 Te 
HF < HCI < HBr < HI 
Acid strength increase as the size increases. 

2. Oxy-adds : The main factors which affect the acid 
strength of an oxy-add are : 

(a) The size of central atom, 

(b) The electronegativity, 

(c) The number of other electronegative atoms attached 
to the central atom. 

Smaller the size and greater the electronegativity of 
central atom make the oxy-acid stronger. These 
factors shift the electron pair of the bond of oxygen 
towards central atom and this displacement will in 
turn cause a shifting of electron pair between oxygen 
and hydrogen towards oxygen. Thus, O — H bond is 
weakened and proton is easily released. 

HOI < HOBr < HOQ Add strength increases 
HIO 4 < HBr 04 < HCIO 4 Acid strength incre^es 

Greater the number of negative atoms present in the 
oxy-acid make the acid stronger. In general, the 
strengths of the acids that have general formula, 
(HO)^ ZO„ 


can be related to the value of n. 
If n = 0 , the acid is very weak 
If n = 1 , the add is weak 
If n = 2 , the acid is strong 
If n = 3 , the acid is very strong 


Example HCXZl 
Example HOQO 
Example HOaOa 
Example HOaOs 
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[Formal charge on the central atom gives more reliable 
prediction about the strength of acid. The strength increases 
as the formal charge on the central atom increases. In the 
case of oxy-acids of phosphorus, the acid strength of the 
following oxy-acids is nearly same as formal charge is +1 
in them : 

+1 +1 +1 
H3PO2 H3PO3 H3PO4] 

Strength of Bases 

(a) Among alkali and alkaline earth metals the basic nature, 
of oxides and hydroxides increases as the size of the 
cation increases, ie.,. electropositive nature increases. 

LiOH < NaOH < KOH < RbOH < CsOH strength 

increases 
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Be(OH)2 < Mg(OH)2 < Ca(OH)2 < Sr(OH)2 < Ba(OH)2 

strength increases 

(b) Among the hydrides of the same group, the basic nature 
decreases. 

NH 3 > PH 3 > AsH 3 >SbH 3 >BiH 3 
Basic Less basic Neutral 

(c) The presence of a positive charge on the atom holding 
the lone pair decreases the base strength while the 
negative charge increases the base strength. 

:OH > H—-O—H > H 36 : 


PRACTICE PROBLEMS -••• 


■ Subjective Type Questions 

1. In the following equations, label each spedes as an acid or 
a base. Show the conjugate acid-base pairs. 

(a) HCOl(aq) + HF(aci) H2COs(aq)^F^(aq) 

(b) HC0i(fl<j)+0H‘(fl^)^=iC0|"(ag) + H20a) 

2. In the following reactions, identify the Lewis add and the 
Lewis base. 

(a) Ag^ + 2NH3 ^==± Ag(NH3)J 

(b) B(0H)3 + H2O 

H 

I 

(c) BF3 + CH3OH I^BIO—CH3 

(d) 0^" + C02 CO|" 

3. Identify each of the following as an add or a base in terms 
of the Arrhenius concept. 

(a) BaO (b) H2S (c) CH3NH2 ^ (d) SO2 

4. Give the conjugate adds of : 

(i) HCO3 (ii) HSOJ (iii) [Fe(H20)5(0H)f+ 

(iv) OH" (v) SO|" (vi) N2H4 

(vii) ,Br" (viii) CH3NH2 (ix) PH3 

[Hint : In each case the conjugate acid is formed by addition of 
a proton.] 

5. Give the conjugate base of : 

. (i) OH~ (ii) NH3 (iii) H2O 

(iv) HsO^ (v) HCO3 (vi) CH3COOH 

' (vii) C2H5OH (viii) HS (ix) HNO3 

[Hint : In each case, the conjugate base is formed by loss of a 
proton.] 

6. Label the conjugate acids and bases in these reactions : 

(i) S^" + H3O+ ^ HS" + H2O 

(ii) _ bJ2H4 + H2O ^ N2H5 + OH" 

(iii) ’ NH2 + H2O ^ NH3 + OH" 

■ (iv) CHsCCXDH + H2O CH3COO" + HgO^ 

(V) [A1(H20)6]^-' + H 2 O 5=5: [A1(H20)50H]^+ + HgO^ 

(vi) CO|" + H2O 5=5 HCO3 + OH" 


(vii) POf- + H2O ^ HPO|" + OH" 

(viii) H2Fe(CO)4 + CH30H 5=5 [HFe(C0)4r+CH30Hi 
(ix) HSOJ + OH" 5=5 SOi" + H2O 

7 . Write down the conjugate add and base of : 

(i) NH3 (ii) -HCO3 (iii) HSOJ 

(iv) H2O (v) CH3COOH (vi) H2NCH2COOH 

(vii) HS*^ (viii) OH“ 

8. In the reactions, which reactant is the Lewis add and which 
is the Lewis base? 

(i) NH3+BF3->H3N:BI^ 

(ii) BeVi + 2 F" ^ BeFi" 

(iii) S+SOi"—^S 20 |" 

(iv) (CH3)3N+S03->(CH3)3N:S03 

(v) Fe^'" + 6CN" - >[Fe(CNy^" 

.(v,i) CO2 + OH" - >HCOS 

9. Would each of the fohbwing spedes in solution tend to 
produce a basic, a neutral or an acidic solution? 

•(a)' C2H3O- (b) Na^ (c) SOi" (d) F" 

( 4 ) NHl (f) AICI3 

[Hint : A conjugate of a weak acid produces an alkaline solution 
whereas a conjugate of a weak base produces an acidic 
solution. The aqueous solution of a species whose 
conjugate is strong, is neutral.] 

10. W|ttrh of the following pairs the strongest add? Give 


.rejason for your choice : 


(a) [Fe(H20)6]®'" 

or 

[Fe(H20)6]^^ 

(b) [A1(H20)6!^^ 

or 

[Ga(H20)6]3+ 

(c) Si(OH)4 

or 

Ge(OH)4 

(d) HCIO3 

or 

HClb4 

(e) H2Cr04 

or 

HMn04 

(f) H3PO4 

or 

H2SO4 


11 . Answer the following : 

(i) What is the nature of the solution which turns blue 
litmus to red? 
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(ii) What is the nature of the solution which turns red 
litmus to blue? 

(hi) Conjugate acid-base pair differ by .. 

(iv) Arrhenius theory of acids-bases is not applicable to 


(v) AICI3 is a Lewis acid because it is ........... 

(vi) NH3 is a Lewis base because it is .. 

(vii) The l%ands in the complex compound are .. 

(viii) A substance gives ions in aqueous solution. 

What is that substance? 

(ix) The conjugate base of a strong acid is ........... 

(x) In a reaction ions combine with OH' ions to form 
water. What is the type of reaction? 

12. Arrange the following in the order of their : 

(a) increasing acid strength HF, HCl, HBr and HI 

(b) increasing acid strength HCIO4, HCIO3. HCIO2, HCIO 

ILI.T. 1986] 

(c) increasing basic nature H2O, OH“ CH3OH, CH3O” 

[LLT. 1992] 

(d) increasing acid character CO2, N2O5, Si02, SO3 

ILI.T. 19881 

(e) increasing basic strength C10“ CIO2/ CIO3, CiOJ 

(f) increasing acid strength [Na(H20);j]^, [Ca(H20)„]^‘^, 

[Al<H20)6f^ ■[FeWzO)^]^^ 

(g) increasing basic strength F", OH”, CH3, NH2 

(h) increasing acid strength CH4, NH3, H2O and HF 

(i) increasing basic strength HaO"^, H2O, OH” 

(j) increasing basic strength CH30H^ CH3NIH2, CH3F 

13. Predict the direction of the following reactions in aqueous 
solution : 

(a) HNO2 + CN" ^ HCN + NOi 

(b) F“ + H2O ^ HF + OH" 

(c) Na'^ + H2O ^ NaOH + H"^ 

14. Define and give one example each of the following terms : 

(a) Bronsted-Lowry acid (b) Bronsted-Lowry base 

(c) Lewis acid (d) Lewis base 

(e) Amphoteric compound (f) Neutralisation 

(g) Hard acid (h) Soft base 

15. Explain giving reasons : 

(i) CCI4 does not act as a Lewis acid while SiC^ and 
SnCl4 do so. 

[Hint : Carbon does not have i-orbitals to accommodate 
the accepted electron pair while Si and Sn possess 
d-orbitals and thus, accept electron pair electrons. 

SnCU +2;gr-yLSnCU]^'] 

Lewis acid ■ 

(ii) BF3 acts as a Lewis acid whereas NF3 does not. 

[Hint : BF3 is an electron deficient compound. It can 

acc^t an electron pair. N in NF3 has completed 
octet and d-orbitals are not present. It cannot 
accept an electron pair,] 

(iii) HCIO4 is stronger acid than H2SO4. 

[Hint : The number of terminal oxygen atoms in HCIO4 
are three while in H2SO4 are two. Chlorine is more 
electronegative than S.] 
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(iv) Water behaves as an add and also like a base on the 
basis of protonic concept 

[Hint : With strong acid, water behaves as a base as it 
accepts proton. 

Hci + H2O HsO'’ + er 

With strong base, water behaves as an acid as it 
donates proton. 

NHJ + H2O NH3 + OHT ] 

(v) Neither pure H2SO4 nor pure HCIO4 conducts electric 
current but a mixture of the two does. 

[Hint : Both the pure acids are unionised. However, when 
. mixed the stronger acid, HCIO4, donates a proton 
to H2SO4 and ions are formed. 

HCIO4 + H 2»34 ^ H3S64 + ao4" ] 

(vi) Agl 2 complex is more stable than AgFJ. 

[Hint : Ag^ ion is a soft acid. Its interaction with F Ion, a 
soft base, yields a stable complex" whereas its 
interaction with F" ion, hard base yields an 
unstable complex J 

(vii) CsF reacts with Lil even though both are ionic. 

[Hint : The reaction is an interesting example of 

preferential combinahon of soft-soft and hard-hard 
species. 

CsF + Lft —» Csl + LiF . 

Soft-hard Hard-soil Soft-soft Hard-hard •' 

(viii) SG3 has acidic behaviour. 

[Hint : Sulphur atom is attached with three very highly 
electronegative oxygen atoms. As a result, elec¬ 
trons are drawn towards oxygen atoms and 
S-atom remains with low electron deiisity and 
thus, has the tendency to accept electrons. So, it 
acts as a Lewis acid.] 

(ix) H3FO4 is tribasic but H3PO3 is dibasic in aqueous 
solution. 

[Hint : In H3PO4, three hydrogen atoms are bonded to 
phc«phorus atom through oxygen atoms and these 
three hydrogen atoms are dissociated into H"*" ion. 
Hence, H3PO4 is tribasic. In H3PO3, two hydrogen 
atoms are bonded to phosphorus atom through 
oxygen atoms. So, H3PO3 is dibasic.] 

(x) Dilute sulphuric acid is said to be stronger than 
concentrated sulphuric acid. 

[Hint : Strength of the add depends on the number of 

ions present in the solution. Degree of dissodation, 
ie., the tendency to liberate H"^ ions increases with 
dilution. Thus, dO. H2SO4 is stronger than cone. 

H2SO4.] 

■ Matching Type Questions 

Match the following: 

(a) BF3 (i) Cationic Bronsted base 

(b) NH4 (ii) cr 

(c) H2O (iii) H3PO2 

(d) [A1(H20)50H]^^ (iv) Ag^ 

(e) Monobasic acid (v) Bronsted acid 

(f) Soft acid (vi) H-" + OH” ^ H2O 

(g) Hard base (vii) Lewis acid 

(h) Neutralisation (viii) Amphiprotic 












Answers : Subjective Type Questions 
1 . (a) H^03 and HCOJ are a conjugate acid-base pair. 

HF and are a conjugate acid-base pair. 

(b) HCOi and CO3" are a conjugate acid-base pair. 

H2O and OH“ are a conjugate acid-base pair. 

1 . (a) Ag^ Lewis add Ag^+2:NH3 ^[Ag(:NH3)2r 
NH3 l^wis base 

(b) B(0H)3 Lewis acid 


HO—b:oh +H^ 


OH H 

HO—B + :o:h; 

I 

oh 

H2O Lewis ba^ 


(c) BF3 Lewis acid F—B + lO —CH3 
I 

F 

CH3OH Lewis base 


(d) CO2 Lewis add :6 


F H 
I I 

-b:o—CH3 


2 L J 

O Lewis base 

3. (a) BaO is a base; BaO + H2O-» Ba^^ + 20ir 

(b) HjS is an acid; HjS + HjO-» H3O* + HS’ 

(c) CH3NH2 is a base; CH3NH2 + H2O-^ CH3MH3 + OH” 

(d) SO2 is an acid; SO2 + 2H2O-» + HSO3 

4 . (i) H2CO3, (ii) H2SO4. (iii) [FeCHzOd^, (iv) H2O, (v) HSOi, 
(vi) NjHs, (vii) HBr, (viJi) CHsNHj, (ix) PHt 

5 . (i) (U) NH2, (iii) OH” (iv) HjO, (v) COi” (vi) CH3COO” (vii) 

C2HsO” (viii) S^” (ix) NOi. 


Conjugate 

pairs 

Conjugate 

pairs 

Acid 

Base 

Acid 

Base 

(i) HS” 

S^” 

HsO*^ 

H2O 

(ii) NjHJ 

N2H4 

H2O 

OH“ 

(iii) NH3 

NHi 

H2O 

OH" 

(iv) CH3COOH 

CHsCOO” 

HsO^ 

H2O 

(v) [A1(H20)6]^+ 

[AKHjOsiOH)]^* 

HaO^ 

H2O 

(vi) HCOi 

cof 

H2O 

OH" 

(vii) HPO|” 

POf 

H2O 

OH" 

(viii) H2Fe(CO)4 

[HFe(CO)4]” 

CH3OH2 

CH3OH 

(ix) HSOJ 

cn 

0 

t 

H2O 

OH" 

Species 

Conjugate acid 

Conjugate 

base 

(i) NH3 

NHj 

NHJ 


(ii) HCO5 

H2CO3 

col- 


(iii) HSOi 

H2SO4 

sol” 


(iv) H2O 

HsO^ 

OH” 


(v) CH3COOH 

CH3COOHJ 

CH3COO" 


(vi) H2NCH2COOH 

(vii) HS” 

(viii) OH" 


H3NCH2COOH 

H2S 

H2O 


H2NCH2COO” 


Lewis acid 

Lewis base 

(i) BF3 

NH3 

Lone pair donated by NH3 and 
accepted by BF3. 

(ii) BeF2 

r 

Lone pair donated by F~ and 
accepted by BeF2. 

(iii) S 

sol" 

Lone pair donated by SOl" and 
accepted by S. 

(iv) SO3 

(CH3)3N Lone pair donated by (CH3)N and 
accepted by SO3. 

(v) Fe^" 

CN" 

Lone pair donated by CN” and 
accepted by Fe^”^. 

(vi) CO2 

OH" 

Lone pair donated by OH" and 
accepted by CO2. 

C2H3O- sol” 

and F" — 

These are conjugate of weak acids. 

(a) (c) 

id) 

hence their aqueous solutions are 
alkaline. 

(b) Na^ 

— 

It is a conjugate of a strong alkali, hence 
the aqueous solution is neutral 

(e) NHt 

__ 

It is a conjugate of a weak base, hence 
its aqueous solution is acidic. 

ii) AICI3 

— 

[A1(H20)6]^“^ is a conjugate of a weak 


[Al(H20)6r 

(a) lFe(H20)6f+ 
strength. 

(b) tAl(H 20 ) 6 f-^ 


base, hence its aqueous solution is 
acidic. 

+ H2O ^ [A1(H20)s(0H)P'" + H3O* 

Small radii , and higher charge increase acid 


(b) [A1(H20)6] Smaller size of AJ than Ga . 

(c) Si(OH)4 Smaller size of Si tiian Ge. 

(d) HCIO4 More electronegative oxygen atoms with Cl than in 
HCIO3 or formal charge is more on Cl in HCIO4 than in 
HCIO3. 

(e) HMn04 Higher oxidation number of Mn. 

(f) H2SO4 Higher electronegativity of S. 

11 . (i) Addic, (ii) Alkaline, (iti) one proton, (iv) non-aqueous 
solutions, (v) an electron pair acceptor, (vi) an electron pair donor, 
(vii) Lewis ba^, (viii) A Bronsted acid, (ix) Weak base, (x) 
Neutralisation. 

12. (a) HF < HCl < HBr < HI 

(b) HCIO < HCIO2 < HCIO3 < HCIO4 

(c) H2O < CH3OH < OH“ < CH3O" 

(d) SiOi < CO2 < N2O5 < SO3 
<e) ClOi < ClOi < ClOi < C 10 “ 

(f) [Na(H20)J-^ < [Ca(H20)„f* < [Al(H20)6l^ < [Fe(H20)6f^ 

(g) F" < OH" < NH2 < CH3 

(h) CH4 < NH3 < H2O < HF 

(i) < H2O < OH" 

(j) CH3F < CH3OH < CH3NH2 

13 . (a) The reaction moves from left to right as HNO2 is stronger 

than HCN, i.e,, it is a better proton donor. 

(b) HF is a strong acid than H2O. The reaction moves from right 
to left. 

(c) The reaction moves from right to left as Na"^ is a very weak, 
add while NaOH is a strong alkali. 

Answers : Matching Type (Juestiom 

(a—^vii); (b— v); <c—^viii); (d^—i); (e—^iii); (f—iv); <g—^ii); (h—^vi). 
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lUMR/tlfONS OF OBJECTIVE QUESTIONS 


Boric acid is a weak Lewis acid. When it is dissolved in 
water, the aqueous solufion contains ions : 

(a) HsTOa ^ H2BOi + 

(b) H3BO3 + H2O ^ B(OH)i + H'' 

(c) H3BO3 HBO|‘ + 2H'" 

(d) H3BO3 ^ BOl" + SH"" 

Ans. (b) 

[Hint : B(OH)3, i.e.f H3TO3 in aqueous medium coordinates with 
a molecule of water to form a hydrated species, 
H- 


7. 


Consider the following Lewis acid-base leaction, 

SnCl4 + 2C1 
Acid 

., 2 - 


SnCll* 


(b) dsp^ to sp^d^ 
(d) sp® to dhp^ 


H 


> 


o- 


B(0H)3. ion pulls the o-electron charge 

of the coordinated Oatom towards itself. The coordinated 
oj^gen, in turn, pulls the a-electron charge of the O— 
bond of the attached water molecule towards itself. This 
facilitates the removal of proton ion from the O—H bond.] 

Which is the correct trend of the acid strength? 

(a) HCIO4 > HCIO3 > HClOa 

(b) H 3 P 04 >H 3 P 03 >H3P02 

(c) HP > HCl > HBr 

(d) HCl > HP > H2S 

Ans. (a, d) 

[Hint : (a) Hie number of electronegative atoms with central 
atom increases. 


Hybridization of Sn in SnCl4 and SnCl|~ are respectively: 
(a) sp^, sp^d^ 

(c) sp^, sp^d^ 

Ans. (a) 

Which of the following statements is incorrect? 

(a) Liquid ammonia like water is an amphiprotic. 

(b) In the equation, + 2CN" —^ [Ag(CN)2]” Ag”^ ion 
acts as a Lewis acid. 

(c) r ion is a Lewis as well as Bronsted base. 

(d) BF3 is a Lewis as well as Bronsted acid. 

Ans. (d) 

(Hint ; (a) NH3 + NH3 ^ NHJ + NH2 


Acid Base 


Acid 


Base 


(b) acts as a Lewis acid as it accepts lone pairs of 
electrons from CN” ions. 

(c) r ion contains lone pair of electrons which it can 
donate, hence it can act as a Lewis base. F can accept 
proton, hence it acts as a Bronsted base. 

(d) BF3 acts as a Lewis acid as it is an electron pair 
acceptor but it has no tendency to lose a proton, hence 


3 . 


(b) All the three have nearly same acid strength. 

it is not a Bronsted 

acid.] 

(c) Acid strength increases in the hydrides in a group, if 

9 . Given, 




size of the central atom increases. 

Acid 


pKa 


(d) HQ is stronger than HF and HF is stronger than HaS.) 

(A)CH3C02H 


(i) 

0.7 

In I3 , Lewis base is 


(B) CCI3CO2H 


(ii) 

0.2 

(a) I2 

mil 

(C) CICH2CO2H 


(iii) 

4.8 

(c) li 

(d) r 

(D) F3CCO2H 


(iv) 

2.9 

Ans. (d) 


The correct code is: 



[Hint ! I2 + r 

—»iii 

A B 

c 

D 


Add Base 


(a) (iii) (i) 

(iv) 

(ii) 


AICI3 acts as an acid according to the concept of : 

(b) (ii) (iv) 

(i) 

(iii) 


(a) Bronsted-Lowry 

(b) Arrhenius 

(c) (iii) (ii) 

(i) 

(iv) 


(c) Lewis 

(d) all of these 

(d) (i) (iii) 

(ii) 

(iv) 


Ans. (c) 


Ans. (a) 




mint : A 1 in AiCl3 is 

electron deficient. It can accept an electron 

[Hint : Smaller the value of the pK^ ii 


6 . 


The conjugate base of NH3 is : 

(a) Nn\ (b) NH 2 

(c) (d) NH2OH 

Ans. (b) 

[Hint : NH3 ^ NHJ + H'^] 

Acid Base 

1 mole of H3PO3 is neutralised by.....mole/s of NaOH: 

(a) 6 (b) 3 (c) 2 (d) 1 

Ans. (c) 

[Hint : H3PO3 is a dibasic acid. H3PO3 ^ 2 H* + HPOf" ] 


10. Which of the following represent conjugate acid-base pairs? 
(a) H2O, (b) OH“ HNO3 

(c) H2SO4, SO|“ (d) HC2H3O2, C2H30J 

Ans. (a, d) 

[Hint : The conjugate acid»base pairs differ by H”*'. 


rH20 H3O+ 
Base Add 




HC2H3O2 C2H3O2 
Acid Base 


1 
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G.R.B. Inorganic Chemistry for Competitions 


OBJECTIVE QUESTIONS 



Note : Choose the correct answer out of given alternatives in each question. 


5 . 


6 . 


1. Acids are the substances that yield H ions in aqueous 
solutions while bases yield OH“ ions. In a neutral solution: 

(a) There are no H'*’ ions . □ 

(b) There are no OH” ions □ 

(c) There are neither nor OH” ions □ 

(d) H"^ and OH” ions are present in very small but equal in 

number □ 

2. Which of the following is a weakest base ? 

(a) NaOH □ (b) Zn(OH)2 □ 

(c) KOH □ (d)Ca(OH)2 □ 

3. Which of the following represents acid-base pair fordhe 
equilibrium reaction, 

HCl +.H2O ^ HaO*^ + Cr ? 

(a) HCl, H2O □ (b) HCl, H3O'" □ . 

(c) HCl, cr □ (d) cr, H2O □ 

4. The conjugate acid of S20|“ is : 

(a) HS2O8 □ (b) HSOJ □ 

(c) H2SO4 □ (d) H2S2O3 □ 

The conjugate base of H 2 ^ 0 l is : [C.E.T. (Karnataka) 2008] 
(a) H3PO4 □ (b) HPO|" □ 

<c) POf □ (d) H3PO3 □ 

Which of the following is a Lewis acid ? 

(a) NH3 □ (b) H2SO4 □ 

(c) H36 □ (d) AICI3 □, 

7. BF3 is taken as an example of Lewis acid because it behaves: 

(a) electrophile □ (b) nucleophile □ 

(c) neutral moleciile □ (d) free radical □ 

8. The strongest acid of the foUowing is : 

(a) HCl □ (b) H2SO4 

(c) HCi04 □ (d) H3PO4 

9. Which of the following is the Bronsted add ? 

. (a) cr □ (b) HCOi 

(c).HCOO" □ (d)CH3COO" 

10. The. reaction of water with ammonia is 
following equation, 

H2O + NH3 ^ NHj + OH^ 
in this reaction water behaves as : 

(a) neutral □ (b) base 

(c) acid □ (d) both acid and base 

11. The compound that is not a Lewis add is : 

(a) BF3 □ (b) BaCl2 

(c) Aids □ (d) SnCl4 

12. Weakest acid of the following is : 

(a) C103(0H) □ (b) ClOaCOH) 

(c) SO(OH )2 □ (d)S02(0H)2 

13. Ionic theory of acids and bases was proposed by : 

(a) Lowry □ (b) Bronsted □ 

(c) Lewis □ (d) Arrhenius □ 

14. Which of the following can act as both a Bronsted add and 
a Bronsted base ? 


□ 

□ 


given by the 


□ 

□ 

□ 

□ 

□ 

□ 


15. 


16. 


17. 


18. 


19. 


(a) NHt □ (b) COf □ 

(c).H 2»4 □ (diHS” □ 

Which of the following is a soft acid according to Pearson's 
concept ? 


(a) Ag^ 


(b) 

(d) r 

is : 

(b) H2P0^ 
(d) H3PO4 


□ 

(c) Al^-" □ 

The conjugate add of HPOl"" 

, (a) H2POi □ 

(c) PO^ □ 

Which of the following is a Lewis base ? 

(a) H2O □ (b)HCl 

(c) NHj □ (d) CH4 

in the reaction, 

BCI3 + PH3 ^ CI3B ^ PH3, Lewis base is : 
(a) BCI3 □ (b) PH3 

(c) CI3B—PH3 □ (d) none of these 

In the Inaction, 

HC2OI + POf HPOf + CzOf 
which are the two Bronsted bases ? 


20 . 


21 . 


22 . 


23. 


24. 


□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 


(a) HC20i, POf □ 

(c) POt, C2OI" □ (d) HC2OJ, HPO4 

The conjugate add of NH2 is : 

(a) NH3 □ (b) NH2OH □ 

(c) NH^ □ (d)N2H4 □ 

The strongest Bronsted base in the following anion is : 

(a) CIO" □ (b) CIO2 □ 

(c) CIOJ □ (d) CIOJ □ 

The strongest Lewis base among the following is : 

(a) OH" □ (b)NH2 ' □ 

(c) CHs . □ (d) F” □ 

Which of the following is a Lewis acid ? 

(a) PCI5 □ (b) NCI3 □ 

(c) NF3 □ (d) AICI3 O 

The following equilibrium is established when HCl is 
dissolved the acetic add, 

HCl CH3COOH ;c=^ cr + CH3COOH2. 
the set that characterises the conjugate acid-base pairs is : 


(b) HPO| 


C201- 


^ 2 - 


25. 


(a) (HCl CH3COOH) and (CP, CH3COOH2) 

(b) (HCl CH3COOH2) and (CH3COOH, CF) 

(c) (CH3COOH2, HCl) and (CF, CH3COOH) 

(d) (HCl CF) and (CH3COOH2, CH3COOH) 
What is the decreasing order of strength of bases, 
OH” NHi, H^C^CT and CHs—CHi ? 

(a) CH3—CHi > NHi > H—C=C” > OH” 

(b) H—C^C” > CH3—CH2 > NHi > OH” 

(c) OH” > NHi > H—C^C” > CH3—CHi 

(d) NHi > H^C=Cr > OH” > CH3—CHi 


□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 
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26 . 

27 . 


28 . 

29 . 

30 . 


31 . 


32 . 


33 . 


34 . 

35 . 


36 . 


37 . 


38 . 


Which is the weakest base among the following ? 

(a) cr □ (b)r □ 

(c) Br" □ (d)F'“ □ 

Among the trihalides of nitrogen, which one is the. least 
basic ? 

(a) NI3 □ (b) NBf3 □ 

(c) NCI3 □ (d) NF3 □ 

In which of the following cases the acid strength is high^t? 
(a)p^ = 5 ‘ □ (b)pKb = W □ 

(c) K„ = lO'^ □ (d) Ki, = □ 

Dissociation of H3PO3 occurs in.stages. 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

The strength of the add depends on the : 

(a) number of hydrogen atoms present in the molecule □ 

(b) density □ 

(c) oxygen content □ 


(d) concentration of hydrogen ions furnished by ionisation 


The di^ociation constants of acids HA, HE, HC and HD 
are 3 x 10 ”^, 5 x 10 ’^, 1 x 10 “^ and 7 x 10 "“^ respectively. The 


weakest add is : 

(a) HD □ ib)HA □ 

(c) HB □ (d) HC □ 

On the basis of.acid-base concept, the redox reactions 

are also considered as acid-base reaction. 

(a) Arrhenius □ (b) Lewis □ 

(c) Usanovich □ (d) Bronsted-Lowry □ 

The concept that acid is proton donor and base is proton 
acceptor was given by : 

(a) Arrhenius □ (b) Brons ted-Lowry □ 

(c) Lewis □ (d) Faraday □ 


According to Lewis concept, the add is : 

(a) proton acceptor □ (b) electron-pair donor □ 
(c) electron pair acceptor □ (d) proton donor □ 

According to the Lewis acid-base concept : 

(a) molecule in which all atoms have their octets is an acid 


□ 

(b) negatively charged ions are acids □ 

(c) aU positively charged ions are not adds □ 

(d) molecule in which a central atom has available rf-orbital 

to accommodate electron pair is an acid □ 

Which of the following is a Lewis base ? 

(a) CH3NH2 □ (b) HsO^ □ 

(c) AICI3 □ (d) BF3 □ 

According to Lowry-Bronsted concept, the relative strength 
of the bases CH3COO', OH” and Cl” follows the order : 

(a) CHaCOO” > OH" > Cl” □ 

(b) OH" > CH3COO" > Cl” □ 

(c) CH3COO" > cr > OH" □ 

(d) OH" > cr > CHsCOO” □ 


Which of the following could act as a Lewis acid but not 
Bronsted acid ? 


(a) HCl □ (b) H2»4 □ 

(c) HSOJ □ (d) SO3 □ j 


39 . 

40 . 

41 . 

42 . 


43 . 


44 . 

45 . 


46 . 


47 . 


48 . 


49 . 


50 . 


51 . 


For HCl + CH3COOH system, acetic acid serves as : 

(a) protophilic solvent □ (b) protogenic solvent □ 


(c) aprotic solvent O (d) none of these □ 

Ampholyte is : 

(a) H2O □ (b) Zn(QH)2 . □ 

(c) HaNCHaCCKDH □. (d) all of these □ 

A reaction between AICI3 and NH3 is called : 

(a) addition □(b) substitution □ 

(c) neutralisation □ (d) hydrolysis □ 

Which of the following gases oh dissolution in water make 
the solution acidic ? 

(A) CO, (B) CO2, (C) SO3 and (D) PH3 

(a) (A) and (B) □ (b) (B) and (C) □ 

(c)(C)and (D) □ (d) (B) and (D) □ 


Acid strength of the weak adds HAt, HA2 and HA3 can be 
written as, 

HAx < HA2 and HA^ < HA| 
the correct order of strength of the conjugate bases would 


be : 

(a) A3 > A4 > A2 O (b) A4 = A2 A3 O 

' (c) A| = AJ < Ai □ (d) none of these □ 

Pair of amphiprotic specie is : [Roorkee 1991] 

(a) H2CO3 and HCO3 □ (b) H2CO3 and H2O O 

(c) cof- and HgO^ □ (d) HCOi and H2O □ 

For the reaction, 

NHi + -> NH3 + HS', 

NH3 and S^~ are a group of : 

(a) bases □ 

(b) acids □ 

(c) conjugate pair of acid and base □ 

(d) none of the above □ 

HNO3 and HF both are acids. But when HNO3 dissolves in 
HF, it behaves as : 

(a) an acid □ (b) a base □ 

(c) a Zwitter ion □ (d) amphiprotic solvent O 

Which of the following is not a Lewis acid ? 

[P.E.T. (M.P.) 2002] 

(a) CO □ (b) SiCl4 □ 

(c) SO3 □ (d) □ 

Species acting both as Bronsted acid and base is : 

[A.i.E.E.E. 2002] 

(a) HSOi □ (b) NazCOa □ 

(c) NH3 □ (d> OH“ □ 

In the equation : I2 + I”-> I3, wliich is the Lewis base? 

[P.M.T. (Raj.) 2002] 

(a) I2 □ (b) r □ 

(c) I3 n (d) None of these □ 

Which represent only amphiprotic species ? 

(a) H3O, HP04^, HCOi □ 

(b) H2O, HPOf, HaPOi □ 

(c) HSOi, HaPOi, HjPOi □ 

(d) AU of these □ 

Which does not react with NaOH ? 

(a) NaH2P02 □ (b) NaaHPOa □ 

(c) NaaHPOa □ ' (d) NaHCOs ^ O 
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52 . 


53 . 


54 . 


55 . 


56 . 


[Cu(H20)3(0H)]^ 


[AKHjO)^^ 

A2 


[Cu(H20)4]^^ 

^3 

+ [ai(H20)5(oh): 

A4 


i2+ 


(a) A| is an acid and A2 is a base □ 

(b) Ai is a base and A2 is an acid □ 

(c) A3 is conjugate add of A^ and A4 is conjugate base of 

A2 □ 

(d) A3 is conjugate base of A^ and A4 is conjugate acid of 


A2 

Water is a : 

(a) protophobic solvent □ 

(c) ampMprotic solvent □ 
Ammonium ion is : 

(a) a conjugate acid 

(b) a conjugate base 

(c) neither an add nor a base 

(d) both an acid and a base 
H3PO3 phosphorus add is : 


□ 

[K,C.E.T. 2002] 
(b) protophilic solvent □ 

(d) aprotic solvent □ 

[K.C.E.T. 2002] 
□ 
□ 
□ 
□ 

[RMT. <Kerala) 2003] 


(a) diprotic add □ (b) triprotic acid □ 

(c) monoprotic add □ (d) insoluble in water □ 

Arrange NH4, H2O, H3O, HF and OH“ in increasing order 


[B.V. (Pune) 2003] 

□ 


57. 


58. 


59. 


60. 


61. 


62. 


63 . 


of acidic nature ; 

(a) < NH4 < HF < OH" < H2O 

(b) NH^ < HF < HaO-" < H2O < OH" □ 

(c) OH" < H2O < NHj < HF < HsO^ □ 

(d) > HF > H2O > NH| > OH" □ 

Which among the following is amphoteric oxide ? 

[A.LE.E.E. 2003] 

(a) ZnO □ (b) Na20 □ 

(c) SO2 □ (d) B2O3 □ 

Which of the given hydride of the nitrogen is acidic in 


nature ? 

(a) NH3 □ 

(c) N2H4 □ 

A group of acidic oxide is : 

(a) CrOs, Mn207 □ 

(c) CaO, ZnO □ 

The conjugate acid of SO4” will be : . 

[M.Gi.M.S 

(a) H2SO4 □ (b) HSOi 

□ (d) S^‘ 


[P.M.E.T. 2003] 
(b) N3H , □ 

(d) All of these □ 

[P.E.T. (M.P.) 2003] 
(b) ZnO, AI2O3 □ 

(d) Na20, AI2O3 □ 


(Wardha) 2003] 
□ 
n 

[LI.T. (S) 2003] 


(c) sor 

H3BO3 is : 

(a) Monobasic and weak Lewis add □ 

(b) Monobasic and weak Bronsted acid □ 

(c) Monobasic add and strong Lewis add □ 

(d) Tribasic and weak Bronsted add □ 

For H3PO3 and H3PO4 the correct choice is : [LET. <S) 2003] 

(a) H3PO3 is dibasic and reducing □ 

(b) H3ro3 is dibasic and non-reducing □ 

(c) H3PO4 is tribasic and reducing □ 

(d) H3PO3 is tribasic and non-reducing □ 

Four species are listed below : 

(i) HCO3 (ii) (iii) HSOi (iv) HSO3F 

which of the following is the correct sequence of their acid 

strength? [A.LE.E.E. 2008] 


(a) (iii) < (i) < (iv) < (ii) □ (b) (iv) < (ii) < (iii) < (i) □ 
(c) (ii) < (iii) < (i) < (iv) □ (d) (i) < (iii) < (ii) < (iv) □ 

64. H3PO3 has.non-ionisable P—^H bond or bonds. 

[J.E.E. (Orissa) 2008] 


(a) none □ (b) 1 □ 

(c) 2 □ (d) 3 □ 

65. Which is tribasic acid ? [B.C.E.CE. 2008] 

(a) H3PO2 □ (b) H3PO4 □ 

(c) H4P2O7 □ (d) H3PO3 □ 

66. Identify Bronsted-Lowry acids in the reaction given : 

[Al(H20)6f‘'+HCOi-> [A1(H20)5(0H“)]^++H2C03 

(A) (B) (C) (D) 

The correct answer is : [E.A.M.C.E.T. (Med.) 2008] 

(a) (A), (C) □ (b) (B), (D) □ 

(c) (A), (D) □ (d) (B), (O O 

67. Which is correct trend of the add strength ? 

(a) H2S > H2O > HF □ 

(b) Ha04 > Ha03 > HCIO2 □ 

(c) H3PO4 > H3PO3 > H3PO2 □ 

(d) HNO2 > HNO3 > H2N2O2 □ 

68. The order of Lewis acid strength is : 

(a) BBrs > BCI3 > BF3 □ (b) BCI3 > BBrs > BF3 □ 

(c) BF3 > BO3 > BBr3 n (d) BCI3 > BrF3 > BBr3 D 


69. The increasing order of acidity of H2C^, H2O and CO2 is : 

(a) H20i > H2O > CO2 □ (b) H2O2 > CO2 > H2O □ 

(c) H2O > H2O2 > CO2 O (d) CO2 > H2O2 > H2O □ 

70. The true statement for the adds of phosphorus, H3PO2/ 

H3PO3 and is : 

(a) all of them are reducing agents □ 

(b) all of them are tribasic adds □ 

(c) the geometry of phosphorus is tetrahedral in all the 

three □ 

(d) the order of acidity is H3FO4 > H3PO3 > H3FO2 □ 

71. Of the following acids, the one which has the capability to 

form complex compounds and also possesses oxi^sing and 
reducing properties is : [J.E.E. (W.B.) 2009] 

(a) HNO3 □ (b) HNO2 □ 

(c) HCOOH □ (d) HCN □ 

72. Three reactions involving H2PO4 are given below : 

(i) H3PO4 + H2O-> H3O’' + H2POJ 

(ii) H2POJ + H 2 O-» HPOl” + HaO'' 

(iii) HzPO^ + OHT -—> H3PO4 + 

in which of the above does H2PO4 act as an acid ? 

[A.I.E.E.E. 2010] 


(a) (i) only □ (b) (ii) only □ 

(c) (i) and (ii) only □ (d) (iii) only □ 

73. Pair of amphoteric spedes is : 

(a) H2CO3 and H2O □ (b) HCO3 and H2O □ 

(c) H2CO3 and HCOi □ (d) COi" and HaO"' □ 

74. Hg is found in nature as HgS because : 

(a) Hg^'*' is soft acid and S^“ soft base □ 

(b) Lattice energy of HgS is high □ 

(c) Hg and S are close in periodic table □ 

(d) Ionisation energy of Hg is very high □ 
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1. 

(d) 

2. 

(b) 

11. 

(b) 

12. 

(c) 

21. 

(a) 

22. 

(c) 

31, 

(c) 

32. 

(c) 

41. 

(c) 

42. 

(b) 

51. 

(a) 

52. 

(b,c) 

61. 

(a) 

62. 

(a) 

71. 

(b) 

72. 

(b) 


3. 

(c) 

4. 

(a) 

13. 

(d) 

14. 

(d) 

23. 

(d) 

24. 

(d) 

33. 

(b) 

34. 

(c) 

43. 

(a) 

44. 

(d) 

53. 

(c) 

54. 

(a) 

63. 

(d) 

64. 

(b) 

73. 

(b) 

74. 

(a) 


5. 

(b) 

6. 

(d) 

15. 

(a) 

16. 

(a) 

25, 

(a) 

26. 

(b) 

35. 

(d) 

36. 

(a) 

45. 

(a) 

46. 

(b) 

55. 

(a) 

56. 

(c) 

65. 

(b) 

66. 

(c) 


7. 

(a) 

8. 

(c) 

17. 

(a) 

18. 

(b) 

27. 

(d) 

28. 

(d) 

37. 

(b) 

38. 

(d) 

47, 

(a) 

48. 

(a) 

57. 

(a) 

58. 

(b) 

67. 

(b) 

68. 

(a) 


9. 

(b) 


(c) 

19. 

(c) 


(a) 

29. 

(b) 

30. 

(d) 

39. 

(a) 

40. 

(c) 

49. 

(b) 

50. 

(c) 

59. 

(a) 

60. 

(b) 

69. 

(d) 

70, 

(c) 



Objective Questions for IIT ASPIRANTS 



1. In the reaction^ AICI3 + CF = AICI4, AICI3 can be classified 
as; 

(a) an acid □ (b) a base □ 

(c) a salt □ (d) none of these □ 

2. Identify the species that is amphiprotic: 

(a) HI □ (b) H2POi □ 

(c) NHJ □ (d) CO|" □ 

[Hint : HiPO^ + HjO-> H3PO4 + OH"; 

HaPOi + H2O-> HPOf" + H3O*.) 

3 « Consider the following Lewis acid-base reaction, 

AICI3 + cr-> AICIJ 

Hybridization of Al in AICI3 and AICI4 are respechvely: 


(a) dsp^ □ (b) sp^, dsp^ □ 

(c) dsp^ sp^d □ (d) sp^ sp^ □ 

4 . In a mixture of concentrated H2SO4 and HNO3, inter¬ 
mediate formed is: 

(a) HzSOj □ (b) SO|- □ 

(c) H2NOJ □ (d) HjNOj □ 

[Hint ; H^4+ HNO3 —^ H2NO3 + HSOil 

5 . HNO3 can accept proton and thus, acts as Bronsted-Lowry 
base in: 

(a) H2SO4 □ (b) HF □ 

(c) both □ (d) none of these □ 

[Hint : HF + HNCb-> H2NO3 + F “1 


6. BF3 is a: 

(a) Bronsted acid □ (b) Bronsted base □ 

(c) Lewis acid □ (d) Lewis base □ 

7 . Which is correct trend of the acid strength? 

(a) HCIO4 > HCIO3 > HCIO2 □ 

(b) H3PO4 > H3PO3 > H3PO2 O 

(c) HQ > HBr > HI □ 

(d) All are true □ 

8» Which of the following cannot act as a Bronsted base? 

(a) HCO3 □ (b) CO|" □ 

(c) NH2 □ (d) NH4^ □ 

9 . Which one of the following is m(»t basic? 

(a) cr 0 (b) F" □ 

(c) r □ (d) Br" □ 

[Hint : The conjugate base of a weak acid is a strong base.} 

10 * Which of the following statements is true? 

(a) H3K)3 is a stronger acid than H2SO3 □ 

(b) An aqueous solution of HF is a stronger acid than HCl 

□ 

(c) HCIO4 is a weaker acid than HCIO3 □ 

(d) HNO3 is a stronger acid than HNO2 □ 



1* (a) , 2, (b) 3. (d) 4. (d) 5. (c) 6. (c) 7, (a) 8. (d) 9. (b) 10. (d) 
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Matrix Matching Questions for I IT Aspirants 



1. Match List”I with List-II: 

List-I 

(a) HF 

(b) HCl 

(c) HBr 

(d) HI 


List-II 

(p) Strongest acid 

(q) React with glass 

(r) Monobasic 

(s) Strongest reducing agent 


2» Match the solvents in List-I with their classifications in 
List-II: 


List-I 

(a) Benzene 

(b) Water 

(c) Uqiiid NH3 

(d) CS2(I) 

3 . Match List-I with List-II: 
List-I 

(a) OH- 

(b) HC 104 

(c) 


List-II 

(p) Protogenic 

(q) Protophilic 

(r) Amphiprotic 

(s) Aprotonic 

List-II 

(p) Conjugate acid of 

(q) Conjugate add of H2O 

(r) Conjugate base of H2O 


(d) CIO4 is weakest ' (s) 

conjugate base of 

(e) CH4 (t) 

4 . Match List-I with List-II: 

List-I 

(a) Molecules with empty 
i-orbital with the 
central atom 

(b) Molecules with incomplete 
octet 

(c) Multiple bonded 
compounds like CO/NO 

(d) R~- 0 —n 

♦ % 

5 . Match List-I with List- 11 : 

List-I 

(a) Oxide ion donor (p] 

(b) CaO + O^- (q] 

(0 563 (r) 

(d)CO|- (s) 


Strongest Bronsted acid 
Weakest Bronsted acid 

List-II 

(p) Lewis base 

(q) Electron pair acceptor 

(r) Lewis add 

(s) Electron pair donor 

List-II 

Acid-base equilibrium 
i Acid (lux-flood) 

Hard base 
Base (lux-flood) 





) (b-r) 

(c-r) 

(d-p, r, s) 

4 . (a-q, r) 

(b-q, r) 

(c-p, s) 

(d-p, s) 

) (b-p, q, r) 

(c-^) 

,(d-s) 

5 . (a-s) 

(b-p) 

(c-q. r) 

(d-r, s) 

, r) . (b-s) 

(c-q) 

(d-s) 

(e-t) 





Assertion-Reason Type Questions 


The following questions consist of an Assertion (A) and 
Reason (R), Use the following key to choose the correct answer: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of (A), 

(c) If (A) is correct but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 

(e) If (A) is incorrect but (R) is correct. 

1. (A) HCIO4 is stronger acid than HCIO3. 

(R) Oxidation state of Cl is + 8 in HCIO4 and in HCIO3 is 
•+■ 5 . 

2. (A) BF3 is a Lewis add as well as Bronsted-Lowry add. 

(R) Any specie which can accept a lone pair of electrons is 

a Lewis acid and the sp^ies that can lose a proton is 
Bronsted-Lowry add. 


(A) If a b^ is strong, its conjugate acid is weak. 

(R) HA is a conjugate acid of the base A“. 

(A)H2P03 is amphiprotic. 

(R) H2PO3 can act as an acid by losing a proton as well as a 
base by accepting a proton. 

(A) pH of N HCl is 9 . 

(R) pH is defined as the negative logarithm of IH'*^]. 

(A) CaO donates oxide, hence it is a base and CO2 accepts 
an oxide, hence it is an acid. This is in accordance with 
Lux-Flood concept. 

(R) Cu'^, Ag”^, Au*^, etc., are soft adds while Li*^, Na“^, Ca*^, 
etc., are hard acids. 

,,. ^ , Molecular mass 

(A) Equivalent mass of a base ”- 

Acidity 

(R) Acidity is the number of replaceable hydrogen atoms 
in one molecule of the base, I A.LE.E.E. 20081 


M A A 
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The answer to each of the follotving questions is a single 
digit integer, ranging from 0 to 9. 

1. The total niimber of diprotic acids among the following is: 

H3PO4 H2SO4 H3PO3 H2CO3 

H2S2O7 H3BO3 H3PO2 H2Cr04 

H2SO3 

2. The total number of triprotic acids among the following is: 
H3PO4, H3PO3. H3PO2, H3BO3, H4P2O7 




1. <6) Six out of the given adds are diprotic. 

H2S2O7, H2SO3, H2SO4, H3PO3, H2CO3, H2Cr04 

2. <1) Only H3PO4 

3 * ( 4 ) SnO, ZnO, Al<OH)3 and Cir(OH)3 are amphoteric in nature 


3* The total number of amphoteric oxid^ and hydroxides 
among the following is: 

Na20 CaO Al(OH)3 Cr(OH)3 

SnO ZnO Ca(OH)2 Fe(OH)3 

4* Oxy acids in general can be formulated as XO„(OH)m. What 
is the value of'm' in H3PO3? 

5. The total number of Lewis acids among the following is : 
BF3, H2O. NH3, AICI3, Ag^ PCI3, R^NH2 


4 . ( 2 ) H3PO3 is diprotic. It has tWo —OH groups. It is represented 

as HP0(0H)2. 

5 . ( 4 ) BFa/AlCb, Ag% PCI3 are Lewis adds. 






General Principles of 
Extraction of Metals 


Contents : 

4*1 Occurrence of Elemente 

4.2 Occurrence of Metals 

4.3 Metallurgy 

4.4 Concentration or I>ressing of the Ore 

4.5 Extraction or Isolation of Crude Metals 

4.6 Thermodynamic Principles of 
Metallurgy 

4.7 Applications of Ellingham Diagram in 
Pyrometallurgy 

4.8 Third Operation—Refining or 
Purification 

4.9 Furnaces 

4,10 Refractory Materials 


4:1 OCCURRENCE OF ELEMENTS 


All materials found in the earth are composed of chemical elements. At present 
117* elements are known but all of them do not occur in nature. Out of the 92 
elements from hydrogen to uranium all with the exception of few such as 
technetium, promethium, astatine, francium, etc,, are found m earth. The 
elements above uranium are man-made which have been synthesised by 
artificial means. These elements are called transuranic elements and are 
radioactive in nature. 

Out of naturally occurring elements, only ten elements make up about 99% 
mass of the earths crust, oceans and atmosphere. The first ten most abundant 
elements in nature (earth's crust, oceans and atmosphere) are: 


1. Oxygen 2 . Silicon 

( 49 J%) ( 25 . 7 %) 

6. Sodium 7 , Potassium 

( 2 . 6 %) ( 2 . 4 %) 


3 . Aluminium 
( 7 . 5 %) 


8. Magnesium 
( 1 . 9 %) 


4 . Iron 5 . Calcium 

( 4 , 7 %) ( 3 . 4 %) 

9 , Hydrogen 10 . Titanium 
( 0 . 87 %) ( 0 . 58 %) 



Fig. 4.1 Element in native state : 

Gold is so unreactive that it occurs in 
the Earth as the metal itself. The vein 
of gold are shown in this rock 


Thus, a few elements are very abundant, but most of the elements are 
very scarce. [Some of the common elements such as copper, zinc, tin and 
lead are not abundant but are found in nature in rich deposits from which 
these can be easily extracted ] 

If the entire universe is considered, then 90% of the matter is hydrogen. 
Helium is the second most abundant element amounting to 9% and the 
remaining elements make up only 1% of the universe with oxygen, neon, 
carbon and nitrogen next in order of decreasing abundance. 

The natural mode of occurrence of an element is largely dependent upon 
its chemical nature. The elements occur in nature sometimes free (or native) 
but mostly in the combined state. 

(i) Native state : The elements which are least reactive and have little 
or no affinity for oxygen, moisture and other chemical reagents occur in a 
free or native state, i.e., in uncombined state, e.g,, gold (Fig. 4,1), silver and 
platinum metals are found in native state. Liquid droplets of mercury are 


* Recently, elements with atomic numbers 113 ^ 115 and 118 have been reported. 
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found associated with cinnabar (HgS). Nitrogen, oxygen and 
noble gases are found in free state in the atmosphere. Carbon 
in the form of diamond, graphite and coal is found in a free 
state in earth^s crust. Deposits of sulphur are also found 
deep underground in uncombined state. 

(ii) Combined state : Elements which are chemically 
reactive, f.e., are readily affected by oxygen, moisture, CO 2 / 
etc., of the atmosphere occur in a combined state in the form 
of simple or complex compounds. These compounds are 
called minerals. In the combined state, elements are 
generally present as oxides, carbonates, sulphides, silicates. 


if: 


■iV-' . 




Fig. 4.2 Element in combined state ^ 

Ruby, an ore of aluminium, is aluminium oxide, AI2O3, 
containing a small percentage of chromium oxide, Cr203 

halides, sulphates, etc. A few common elements along with 
their nature of occurrence have been listed in the following 
table. 


SOME COMMON ELEMENTS WITH THEIR 
NATURE OF OCCURRENCE 


Element 

Natui^ of 

occurrence 

Name of 

minerals 

Composition of 
minerals 

Aluminium 

Oxide 

Bauxite 

A 1203 - 2 H 20 



Corundum 

AI2O3 



Diaspore 

Al203'H20 


Fluoride 

Cryolite 

NasAlFg 


Silicate 

China clay 

Al203-2Si02‘2H20 



Mica 

K20’3Al203-6Si02'2H20 



Feldspar 

KAlSi 308 

Calcium 

Carbonate 

Limestone 

CaCOa 



or calcite 




Dolomite 

CaCOa-MgCOa 


Fluoride 

Fluorspar 

CaF 2 


Sulphate 

Gypsum 

CaS04-2H20 

Copper 

Carbonate 

Malachite 

CuC03Cu(0H)2 



Azurite 

2CuC03-Cu(0H)2 


Sulphide 

Copper pyrites CuFeSa 



Chalcocite or 

CU 2 S 



Copper glance 

Iron 

Sulphide 

Iron pyrites 

FeS 2 


Oxide 

Haematite 

FejOs 



Magnetite 

Fe304 



Limonite 

FejOs-SHzO 



Carbonate 

Siderite 

FeCOa 

Lead 

Carbonate 

Cerussite 

PbCOs 


Sulphate 

Anglesite 

PbS04 


Sulphide 

Galena 

PbS 

Magnesium 

Sulphate 

Epsom salt 

MgS04-7H20 


Chloride 

Carnallite 

KCLMgClrbHaO 


Carbonate 

Magnesite 

MgCOa 

Manganese 

Oxide 

Pyrolusite 

Mn 02 

Mercury 

Sulphide 

Cinnabar 

HgS 

Silver 

Sulphide 

Argentite or 
Silver glance 

Ag 2 S 


Chloride 

Horn silver 

AgCl 

Zinc 

Sulphide 

Zinc blende 

ZnS 


Oxide 

Zincite 

ZnO 


Carbonate 

Calamine 

ZnCOa 

Sodium 

Carbonate 

Trona 

Na2C03-2NaHC03*3H20 



Natron 

Na 2 C 03 -H 20 


Sulphate 

Glauber's salt 

Na2SO440H2O 


Chloride 

Common salt 

NaCl 

Potassium 

Nitrate 

Indian nitre 

KNO 3 


Chloride 

Carnallite 

KCl-MgCl 2 - 6 H 20 



Sylvine 

KCl 

Silicon 

Oxide 

Sand, quartz 
or flint 

Si 02 


Silicates 

Constituent of 
igneous rocks 
which consiste 

of silicates of 
Mg, Al, K or Fe 

- 

Phosphorus 

Phosphate 

Phosphorite 

Ca3(P04)2 



Fluorapatite 

3Ca3(P04)2‘CaF2 

Fluorine 

Fluoride 

Ruorspar 

CaF 2 



Cryolite 

NasAlFe 

Bromine 

Bromide 

Bromocarnallite 

KBr- MgBr 2 ' 6 H 2 O 



Sea water contains 



bromides of Na, 
K, Mg and Ca 


Iodine 

lodate 

Caliche 

NalOs 


Iodide 

Kelp-ashes of 
seaweeds 
contain iodides 



Earth is the storehouse of a large number of elements. The 
distribution of these elements is not uniform. The elements 
are distributed in three mcdn parts of the earth known as 
atmosphere, hydrosphere and lithosphere. 

(A) Atmosphere : It is a blanket of gas^ which is 
surrounding the lithosphere and hydrosphere parts of the 
earth. It has no well defined upper limits and gradually 
merges with the outer space. Of the total mass of atmosphere, 
about 99% is within a height of 30 km from the earth's 
surface. The major gases in the atmosphere are nitrogen (78%) 
and oxygen (21%) by volume. Remaining 1% account for 
other gases such as argon, neon, krypton, xenon, helium, 
carbon dioxide, etc. 

(B) Hydrosphere : The liquid phase of the earth is called 
the hydrosphere. It covers about 80% of the earth's surface 
and constitutes lakes, streams, rivers and oceans. There are 
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a large number of elements in the form of their dissolved 
salts present in sea water. 

Although, sea water contains elements like Na, Mg, Ca, 
K, Sr, Ba, Cl, Br, S, Li, Al, Rb, etc., only four elements Na, Mg, 
Cl and Br are commercially obtained from sea water. Sulphur, 
tin, gold, natural gas and petroleum are also being obtained 
from sea sources. Iodine, agar-agar, laminarin are the 
products which are recovered from seaweeds. Efforts are on 
to extract some of the rare metals from the rock-like objects 
called nodules found on the sea floor. 

(C) Lithosphere : It is the outermost solid part of the 
earth and consists of different types of rocks. Almost all the 
naturally occurring elements are found in the lithosphere. It 
consists of different t 3 qpes of rocks in which various elements 
are present in the form of minerals. The distribution of main 

Calcium 3.6 
Sodium 2.8 
Potassium 2.6 
Magnesium 2.1 
Titanium 0.4 
Manganese 0,1 
Hydrogen 0.1 ’ 
Phosphorus 0.1 
Others < 0.5 


Fig. 4.3 Percentage distribution of different 
elements in lithosphere 

elements in terms of their relative abundance in the litho¬ 
sphere is shown in Fig. 4.3. It is observed that, 

(i) Oxygen and silicon constitute about 73% by mass of 
the earth's crust. 

(ii) First five elements comprise almost 92% by mass of 
the earth's crust. 

(iii) Aluminium is the most abundant normal or 

representative element. / 

(iv) Iron is the most abundant transition metal. 

(v) First ten make up over 99.5% and first twenty make 
up 99.97% by mass of the earth's crust. 

^ Elements in Living Organisms 

Animals and plants organisms consist of complex 
substances composed of both metallic and non-metaUic 
elements. When the analysis of ash of animal tissues is 
carried out, it is observed that about 30 elements are present 
in the animal tissues. Abimdance of selected elements in the 
hupian body (mass %) is given ahead: 



o 

65.0 

Mg 

0.5 

c 

18.0 

K 

0.34 

H 

10.0 

S 

0.26 

N 

3.0 

Na 

0.14 

Ca 

2.4 

Cl 

0T5 

P 

1.0 * 

Fe 

0.005 


Besides these, the following elements are present in very 
small amounts: 

Cu, Zn, Co, Mn, Mo, I and F. 

Many elements get accumulated in living organisms. Some 
examples are : (i) iodine in seaweeds (ii) vanadium in 
cucumbers (iii) potassium in plants. The reason for such 
accumulation is not yet known. Living organisms also 
contain different elements in different parts. For example: 

(i) Carbon, hydrogen, nitrogen and oxygen are the 
major constituents of biomolecules which are 
present in the bodies of animals and plants. 

(ii) Iron is present in haemoglobin—a red pigment of 
blood cells. 

(iii) Magnesium is a constituent of chlorophyll—a green 
pigment of plants responsible for photos 3 mthesis. 

(iv) Zinc is present in the eyes of certain animals. 

(v) Manganese, iron and copper are present in 
chloroplasts. 

(vi) Calcium and phosphorus are present in the teeth and 
bones of animals. 

It IS important to note that very little is known as to why 
a particular element is present in a specific region of the 
living organism. However, it is, known that deficiency of a 
particular element in the living organism brings many 
disorders. For example, deficiency of iron causes anaemia 
while that of iodine causes goitre. Similarly, the deficiency 
of nitrogen, phosphorus and potassium in plants retards 
their growth. 



OCCURRENCE OF METALS 

(Miuemls md Ores) 


The earth's crust is the biggest source of melals. Metals occur 
in nature sometimes free but mostly in a combined state. 
The rocks in which metals occur in the native state or 
combined state (in the form of compounds) are called 
minerals. Every mineral has a definite composition. It may 
be a single compound or a complex mixture, usually 
associated with a number of impurities. The minerals from 
which the metals can be conveniently and economically 
extracted are known as ores. 

All the ores are minerals but all minerals cannot 
be ores. For example, iron is found in the earth's crust as 
oxides, sulphides and carbonate. 
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Haematite 

FezOs 

Magnetite 

Fe 304 

Iron pyrites 

FeS2 

Copper pyrites 

CuFeS2 

Siderite. 

FeCOa 


Out of the above minerals iron is extracted from oxides. 
Thus, oxid^ of iron, f.e., haematite,, magnetite, etc., are the 
ores of iron. The minerals of copper are: 

Cuprite CU 2 O 

Copper glance CU 2 S 

Copper pyrites CuFeS 2 

Malachite CuCOs- Cu(OH )2 

Azurite ZCuCOg-Cu(OH )2 

Copper is conveniently and economically extracted 
from copper pyrites. Thus, copper pyrites is the ore of 
copper. Similarly, aluminium has several minerals 
such as: 


Bauxite 
Cryolite 
China clay 
Feldspar 
Mica 


Al 203 ‘ 2 H 2 O 
NasAlFg 

Al 203 ‘ 2SiOr 2 H 2 O 
KAlSiaOg 

K 2 O SAIiOa* 6Si02- 2 H 2 O 


However, the mineral bauxite is used for the extraction of 
aluminium. Thus, bauxite is an ore of aluminium. 

It is evident from the above examples that a metal may 
occur in a number of minerals but every mineral is not 
suitable for the extraction of the metal. This is because the 
mineral may contain low concentration of metal or may 
contain a large concentration of impurities which may not 
be easy to remove or process of extraction may not be feasible 
or commercially viable. 

Ores may be divided into four groups: 

(i) Native ores : These ores contain metals in a free 
state, e.g., silver, gold, platinum, mercury, copper, etc. 
These are found usually associated with rock or 
alluvial materials like clay, sand, etc. Sometimes 
lumps of pure metals are also foimd. These are 
termed nuggets. Iron is foimd in free state as 
meteorites which also have 20 to 30% nickel 
(if) SulphuriseJ and arsenical ores : These ores 
consist of sulphides and arsenides in simple and 
complex forms of metals. Important ores of this group 
are: 


Metal 

Name of the ore 

Compositi 

Pb 

Galena 

PbS 

Zn 

Zinc blende 

ZnS 

Hg 

Cinnabar 

HgS 

Ag 

Argentite or 
silver glance 

Ag2S 

Ni 

Kupfer nickel 

NiAs 

Cu 

Copper pyrite 

CuFeS2 


(III) Halide ores : Metallic halides are very few in nature. 
Chlorides are most common. For example. 

Metal Name of the ore Composition 

Na Common salt NaCl 

K and Mg CamaUite KCIMgClr6H20 

Ag Horn silver AgCl 


(iv) Oxidised ores : In these ores, metals are present as 
their oxides or oxysalts such as carbonates, sulphates, 
phosphates, silicates, etc. 

Important ores of this group are : 


Metal 

Name of the 

ore Composition 

A1 

Bauxite 

A1203- 2H2O 

Sn 

Tin stone 
(cassiterite) 

Sn02 

Ml 

Pyrolusite 

Mn02 

Cr 

Chromite 

FeO- Cr203 

Zh 

Zindte 

ZnO 

Ti 

Hmenite 

FeO- Ti02 

Ik 

Haematite 

Fe203 ‘ 


Magnetite 

Fe304 

Ca 

Limestone 

CaCOs 

Mg 

Magnesite 

MgCOs 

2 ki 

Calamine 

ZnC03 

Ba 

Barytes ‘^ 

BaS04 

Ca 

Gypsum 

CaS04- 2H2O 

Li 

Lepidolite 

(Li,Na,K)2Al2(S04)3(F,0H)2 


Triphylite 

(Li,Na)3P04* (Fe,Mn)3(P04)2 

Be 

Beryl 

3BeO* AI203- 6Si02 


aM metallurgy 


The whole process of obtaining a pure metal from one of 
its ores is known as metallurgy. 

In order to extract the metals from ores, several physical 
and chemical methods are used. The method i^ed in a 
particular case depends upon the nature of the ore, the 
properties of the metal and the local conditions. Thus, it is 
not possible to have a universal method for the extraction of 
all the metals from their ores. However, the metallurgy of a 
metal involves three main operations: 

(i) Concentration or dressing of the ore. 

(ii) Isolation of the metal in crude state from the 
concentrated ore. 

(iii) Purification or refining of the crude metal. 


4^ CONCENTRATION OR DRESSING 
OF THE ORE 


The ores usually are obtained after mining in the form of big 
lumps. These are broken into small pieces with the help of 
crushers or grinders. This process is called crushing. These 
pieces are then converted into a fine powder with the help 
of either a ball mill or stamp mill This process is termed 
pulverisation. 
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The ores t^ually contain soil, sand, stones and other 
useless silicate. These imdesired impurities present in ores 
are called gangue (pronounced ''gang'O or matrix. The 
removal of these impurities from the ores is known as 
concentration or dressing or benefaction of the ore. To 
separate the useful minerals frpm the gangue, both physical 
and chemical methods are used depending on the ore. It can 
be done in a number of ways depending upon the nature of 
the impurities. 

@ (A) Gravity Separation 

This separation is based on the difference in the specific 
gravities of the gangue particles and the ore particles. The 
powdered ore is agitated with water or washed with a 
running stream of water. The heavy ore particles ^ttle down 
while the lighter particles of sand, clay, etc., are washed 
away. For this either Wilfley table or hydraulic classifier is 
used. Wilfley table is a wooden table having a slanting floor 
on which long wooden strips called riffles are fixed (Fig. 4.4). 



Fig. 4.4 The Wilfley table 
Powdered ore 
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The powdered ore is suspended in a stream of water. The 
heavier ore particles collect behind the riffles and the gan¬ 
gue particles are carried away with the stream of water. 
Hydraulic classifier is shown in Fig. 4.5. Powdered ore is 
dropped from the top of classifier and a strong stream of 
water is introduced from the bottom. The lighter gangue 
particles are carried away by the water while the heavier ore 
particles settle down. Generally, oxide and carbonate ores 
are concentrated by this method. For example, tin ore 
(cassiterite) and iron ore (haematite) are concentrated by 
gravity method. 

9 (B) Electromagnetic Separation 

When one component, either the ore or impurity, is 
magnetic in nature, this method can be used for separation. 
A magnetic separator consisting a belt moving on two rollers 
is used, one of which is a strong magnet. The powdered ore 
is dropped on the belt from one end (non-magnetic) and at 
the other end (magnetic) the magnetic particles are attracted 
and fall nearer the roller while non-magnetic particles fall 
away from the roller. Ferro-magnetic ores are concentrated 
by this method. For example, wolframite (FeW 04 )—a 
magnetic ore, is separated from the non-magnetic ore, 
cassiterite (Sn 02 ) by this method. 



w (C) Froth Floatation Process 

Froth floatation is a physical method of separating mineral 
from the gangue that depends on differatices in their 
wettabUiti^ by a liquid solution. This method is used for the 
conctotration of sulphide ores. The method is based on the 
preferential wetting properties with the frothing agent and 
water. The powdered ore is added to water containing pine 
oil (frothing agent) and sodium ethyl xanthate (collecting 
agent). Cresols and aniline are also added. They act as froth 
stabilizers. A vigorous stream of air is now passed through, 
which thoroughly agitates the mixture and disposes the oil 
into coUoid sized particles. As a result of this, the sulphide 
particles of the ore stick to the oil droplets and rise to the 
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surface in the form of froth supported by air bubbles. Water 
wets the gangue particles which sink to the bottom. With this 
method, it is possible to concentrate tfee dense ores such as 
galena and zinc blende. 


Foam carrying 
ore particles 



Gangue Concentrated 

ore 


Fig. 4.7 Froth floatation process 

Sometimes depressants are used to prevent certain type 
of particles from forming the froth with the bubbles. In the 
concentration of galena ore, sodium q^anide is added as a 
depressant for zinc sulphide (ZnS). NaCN forms a layer of 
zinc complex, Na 2 Zn(CN )4 on the surface of ZnS and thereby 
prevents it from the formation of froth while PbS forms a froth. 
Thus, PbS is separated from ZnS. 

(D) Leaching 

It is a chemical separation. It involves the treatment of 
the ore with a suitable reagent as to make it soluble while 
impurities remain insoluble. The insoluble impurities are 
separated by filteration.The impurities, in this case, include 
not only gangue but also chemical entities which are not 
solubilized during leaching operation. The following 
examples fflustrate the procedure. 

(i) Leaching of alumina from bauxite ore : Bauxite ore 
contains ferric oxide, titanium oxide and silica as impurities. 
When the powdered ore is digested with an aqueous solution 
(45%) of sodium hydroxide at about 200 ®C under pressure 
(35-36 bar), the alumina dissolves forming sodium aluminate 
while ferric oxide (Fe 203 ), Ti 02 and silica remain as insoluble 
part. 

Al 203 ’ 2 H 20 + 2NaOH + H 20 ^ 2 Na[Al(OH) 4 ] 

Sodium alumimte 
(Soluble) 

The solution of sodium aluminate is filtered. It may also 
contain some sodium silicate and free sodium hydroxide. The 
filtrate is neutralised by passing CO 2 gas, the hydrated AI 2 O 3 
gets precipitated. At this point, the solution is seeded with 
freshly precipitated aluminium hydroxide which induces the 
precipitation, 

2 Na[Al(GH) 4 ] + 2 C 02 ^^ A 1203 - XH 2 O + 2 NaHC 03 

The sodium silicate remains in the solution and hydrated 
alumina is filtered, dried and heated to about 1200®C to get 
pure alumina. 
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120CfC ■ 

A1203- XH2O ^ AI2O3 + XH2O 

[The above process is known as Baeyer's process.] 

(ii) Leaching of silver and gold : Gold and silver are 
extracted from their native ores or silver from argentite ore 
(Ag 2 S) by leaching. This is also known as Mac-Arthur Forest 
cyanide process. 

In this process, the finely powdered argentite ore or the 
native silver particles, or the native gold particles are treated 
with a dilute solution (0.5%) of sodium or potassium cyanide 
while a current of air is continuously circulated. As a result 
silver and gold dissolve by forming respective complex 
cyanides. The impurities remain unaffected. These are 
filtered off. 

4Ag + 8NaCN + 02+2H20 -> 

2Na[Ag(CN)2] +4NaOH 

Sodium dicyanoargentate (I) 

(Soluble) 

Ag 2 S + 4NaCN-^ 2Na[Ag(CN)2] + Na 2 S 

Na 2 S is largely oxidised to Na 2 ^ 4 . 

4Na2S + 2 H 2 O + 5 O 2 -^ 2 Na 2 S 04 + 2NaOH + 2S 

4Au + 8NaCN + O 2 + 2 H 2 O-> 

2Na[Au(CN)2] + 4NaOH 

Sodium dicyanoaurate (I) 

^Soluble) 

Ag or Au is recovered from the solution by the addition of 
electropositive metal like zinc. 

2Na[Ag(CN)2] + Zn —^ Na 2 [Zn(CN) 4 ] + 2Ag 

2Na[Au(CN)2] + Zn Na 2 [Zn(CN) 4 ] + 2Au 

Sodium tetracyanozincate (ID 
(Soluble) 

4S EXTRACTION OR ISOLATION OF 
CRUDE METALS (Oxidationmeductton) 

Metals are usually extracted by reduction. Thus, the concern 
trated ore is converted into a form which is suitable for 
reduction. Oxides are easier to roduce, therefore, the extraction 
of metab involves the following two major steps: 

(1) Conversion of the ore into metallic oxide 

(2) Reduction of the metallic oxide to the free metal 

1 . Conversion of the ore into metallic oxide 

The ores of the metals are usually in the form of hydrated 
oxides, carbonates, sulphides, etc. Depending upon the 
nature of the ores, two methods are used for conversion into 
oxides. 

Note : The ores which are already in anhydrous form—^for 
example, rutile (Ti02)—are not subjected to these 
methods. After concentration, these are directly reduced. 

(A) Calcination : This method is commonly used to 
convert hydrated oxides or hydroxides and carbonates into 
respective oxides. It involves heating of the ore below its 
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fusion temperature in absence of air. This step is generally 
performed in a reverberatory furnace. The concentrated ore 
is put on the hearth of the furnace and heated by flames 
deflected from the roof. During calcination the following 
changes may Mcur. 

Moisture is driven out. Water is removed from hydrated 
oxides or hydroxides. Organic matter is expelled. 

A1203 -2H20 AI2O3 + 2H2O 

Bauxite Alumina 

Fe203 aH 20 — ""U Fe203 +3H2O 

Limonite Feme oxide 

Carbonates lose carbon dioxide and are converted into 
corresponding oxides. 

CaC03 CaO +CO2 

Limestone Calcium oxide 

CaCOa • MgC03 . ^ ^ -2 4 CaO + MgO + CO2 

Dolomite Magnesium 

oxide 

CUCO3 CufOHla ) 2CUO+H2O+GO2 

Malachite Cupric oxide 

ZnC03 -^^254 ZnO + CO2 

Calamine Zinc oxide 

The material becomes porous which can be easily reduced 
in the subs^uent step. 

(B) Roasting : It is a process in which the ore is heated 
in presence of air. During this operation, the temperature is 
kept below the melting point of the ore. The sulphide ores 
are generally subjected to roasting. The roasting is generally 
done in a reverberatory furnace or in a smaU blast furnace. 
As a result of roasting, the following changes occur. 

(i) Moisture is driven out. 

(ii) Organic matter is burnt. 

(iii) The non«metallic impurities such as sulphur, 
phosphorus, arsenic are converted into respective volatile 
oxides which get removed. 

S 3 + 8 O 2 - > 8 SO 2 (Sulphur dioxide) 

P4 + 5O2-> P4O10 (Phosphorus pentoxide) 

4 As + 3O2- > 2AS2O3 (Arsenious oxide) 

Sulphide ores are converted into metallic oxides. 

TZtxS + 3 O 2 -^ 2ZnO + 2 SO 2 

Zinc oxide 

2 PbS +302 -^ 2 PbO +2SO2 

Lead oxide 

2CU2S + 3O2-^ 2CU2O +2SO2 

Cuprous oxide 

The sulphur dioxide thus evolved is utilised for the 
manufacture of H2SO4. 

In the extraction of copper, the ore is copper pyrites 
(CuFeS2) which consists of FeS also. The ore is mixed with 
silica before roasting. During heating, initially a mixture of 
CU2S and FeS is formed. 

2 CuFeS 2 -^ CU2S + 2 FeS + S 
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Most of the FeS is converted into FeO which combines with 
silica to form iron silicate (FeSiOa)—a slag (fusible in nature). 

Copper is obtained in the form of copper matte which 
contains CU2S and small amount of FeS. 

The material becomes pomus which can be made easily 
workable in the subsequent step. 

In some cases chlorinating roasting is done as metal is 
obtained by reduction of halide (usually chloride). For 
example, silver oies are heated with sodium chloride. 

Ag2S + 2 NaCl-^ AgCl + Na2S 

Note : (i) Calcination and roasting may be carried out in the 

same reverberatory furnace. During calcination, air 
holes are partially or completely dosed while in 
roasting, the air holes are open. 

(ii) When roasting is done at moderate temperature, 
the sulphide ore is partially oxidised into oxide 
and partially into sulphate. For example, in the 
roasting of galena and zinc blende. 

. 2 PbS + 3O2-> 2 FbO + 2SO2 

PbS + 2O2-> PbS 04 

2 Zi^ + 3O2 -> ZZnO + 2SO2 

ZnS + 2O2-^ ZnS04 

M 2. Reduction of the metallic oxide 
to the free metal 

The crude metal is obtained when the roasted or calcined 
ore is put to reduction by using a suitable reducing agent. 
The selection of a suitable reducing agent depends upon the 
reactivity of the metal. Some of the methods commoriy used 
to get the free metal from the roasted or calcined ore are briefly 
described here. 

(A) Smelting 

This involves reduction of ore to the molten metal at a high 
temperature. For the extraction of less electropositive metals 
such as Pb, Zn, Fe, Sn, etc., powerful reducing agents such 
as C, H^, CO, water gas, Na, K, Mg, A 1 may be used. Some 
examples are given below: 

PbO + C->Pb + CO 

WO3 + 3H2-> W + 3H2O 

CuO + CO-> Cu + CO2 

Cr203 + 2 A 1 -^ 2 Cr + AI2O3 

The process of extracting the metal by heating the metal 
oxide with a suitable reducing agent is called pyro- 
metallurgy. 

Out of the various reducing agents, carbon, carbon 
monoxide and alrimiiuum are generally used. 

(i) Carbon reduction proems : It is generally called 
smelting. The oxides of less electropositive metals are 
reduced by strongly heating them with coal or coke. Carbon 
combines with the oxygen of the metal oxide to form carbon 
monoxide which can also act as a reducing agent. 


^2 
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MrOy + yC -> xM + vCO 

PbO + C —^ Pb + CO 
PbO + CO—^Pb + C02 

Similarly, Fe 203 + 3C- > 2Fe + 3CO 

Fe 203 + 3C0->2Fe + 3C02 

The ores, even after concentration, contain some gangue. 
To remove gangue, certain substances are mixed with 
concentrated ore which combine with the gangue to form a 
fusible material which is not soluble in molten metal. The 
substances u^d are called fluxes and the fusible material 
formed during reduction process is called slag* Slag is 
usually lighter and floats on the surface of the molten metal. 

Concentrated ore + gangue + reducing agent + flux 

heated 

Metal + slag + gases 

Fluxes are classified as (i) Acidic flux and (ii) Basic flux. 

An acidic flux (e.g., silica, borax, etc,,) is the chemical 
substance which removes the basic impurities. 

Si02 + CaO -^CaSiOs - 

Acidic flux Basic impurity Slag 

(Gangue) 

The basic flux (e.g., limestone, magnesite, ferric oxide, etc.,) 
is the chemical substance which removes the acidic 
impurities. 

MgC 03 + ' Si02 -^MgSi 03 + CO 2 

Basic flux Acidic impurity Slag 
(Gangue) 

(ii) Reduction by aluminium (Goldschmidt alumino- 
thermic proems) : This process is employed in the case of 
those metals which have very high melting points and are 
to be extracted from their oxides. Their reduction with carbon 



is not satisfactory. A mixture of concentrated oxide ore and 
aluminium powder, commonly called as thermite, is taken 
in a steel crucible placed in a bed of sand. The reaction is 
started by the use of an ignition mixture containing mag¬ 
nesium powder and barium peroxide. 

Cr 203 + 2A1-> 2Cr + AI 2 O 3 
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3 Mn 304 + 8A1-> 9Mn + 4 AI 2 O 3 

Large amoimt of heat energy is released during reduction, 
which fuses both the alumina and the metal. 

p (B) Self Reduction Process 

This process is also called autoreduction process or air 
reduction process. The sulphide ores of less electropositive 
metals like Hg, Pb, Cu, etc., are heated in air as to convert 
part of the ore into oxide or sulphate which then reacts with 
the remaining sulphide ore to give the metal and sulphur 
dioxide. No external reducing agent is used in this process. 

2HgS + 302^2Hg0 + 2S02l Extraction of Hg 
2HgO + HgS— H>3Hg + S02 J from cinnabar ore 

2CU2S + 3O2-> 2CU2O + 2SO2 1 Extraction of Cu 

CU2S + 2CU2O-> 6 Cu + S02 J from copper glance 

2PbS + 3 O 2 ■ > 2PbO + 2 SO 2 ] Extraction of lead - 

2 PbO + PbS-> 3Pb + SO 2 J 

(C) Electrolytic Reduction 

The oxides of the highly electropositive metals like Na, K, 
Mg, Ca, Al, etc., cannot be reduced easily with carbon at 
moderate temperatures. For reduction, a very high 
temperature is required at which the metal may combine with 
carbon to form a carbide. These metals are thus extracted by 
the electrolysis of their oxides, hydroxides or chlorides in 
fused state. Sometime, a small amount of some otiher salt is 


Molten NaCl 
and CaCl2 

Fig* 4.9 Production of sodium metal from fused mixture of NaCi 
and CaCl 2 by Electrolytic reduction by the Down’s process 

added to lower the fusion temperature or to increase the 
conductivity or both. The metal is liberated at the cathode. 
Sodium is obtained by the electrolysis of fused mixture of 
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NaCl and CaCl 2 (Down's process) or by electrolysis of fused 
sodium hydroxide (Castner's process). 


NaCl 

Fused 

Cathode i -Na"^ + Cl"- > Anode 

Na"* + e-> Na Cl" ™ e = Cl 

2C1->Cl2 

Aluminium is obtain^ by the electrolysis of alumina 
mixed with cryolite. 


4^ THERMODYNAMIC PRINCIPLES 
OF METALLURGY 

The basic concepts of thermodynamics are quite helpful in 
selecting which element will be the most suitable reducing 
agent for a particular oxide during a metallurgical operation. 
It can also predict the optimum temperature at which the 
reduction can occur smoothly. 

For any reaction or process, Gibb's Helmholtz free 
energy change (AG) is given by the equation, 

AG = m-^TAS .;.(i) 

where AH is the enthalpy change and AS is the entropy 
change and T is the absolute temperature at which the 
reaction is carried out. For the feasibility of any reaction at 
any temperature the value of AG must be negative at that 
temperature. The free energy change is also related to the 
equilibrium constant *K' of the reaction at temperature T by 
the foEowing equation, 

AG = - RT In K ... (ii) 


A negative AG implies a +ve K in the above equation. This 
can happen only if the reaction prcxreeds towards the 
products. The following conclusions can be drawn : 

(i) Greater the negative value of free energy change (AG), 
more spontaneous is the reaction. 


CONDITIONS FOR AG TO BE NEGATIVE 


AH 

TAS 

Favourable conditions 

- ve (Exothermic) 

+ ve 

Any temperature 

~ ve (Exothermic) 

- ve 

AH > TAS 



(Temp, should be low) 

+ ve (Endothermic) 

+ ve 

TAS > AH 



(Temp, should be high) 


(ii) If two reactions are put together in a system and the 
net AG of both the reactions is -ve, the overall reaction 
will occur, ie., a reaction with AG positive can be 
made to occur if it is coupled with another reaction 
having a large negative AG so that the net AG of both 
the reactions is negative. 

Such coupling reactions can be easily imderstood through 

EUingham diagram. 


Ellingharti Diagram 

EUingham diagram consists of graphs which represent 
the variation of standard free energy with temperature of the 
formation of oxides of various elements, i.e., plots of A^G° vs 
T, Similar plots can also be plotted for sulphides and halides. 
These were first plotted by H.J.T. EUingham. These diagrams 
help us in predicting the feasibility of thermal reduction of 
an ore. 

Consider the formation of a metal oxide (M;cO). 

IxMis) + 02 (g)-> 2M:,0(s) 

In this reaction, there m decrease in the value of AS® as 
is solid and O 2 is a gas, ie., AS is negative. Thus, if 
temperature is increased, TAS® becomes more negative. 

As in the equation, 

AG® = AH®"TAS® 

TAS® is subtracted, therefore, AG® becomes less negative, 
Le,, AG® is likely to increase with rise in temperature 
and this trend is confirmed from the curves of metal oxides 
in Fig. 4,10. The foUowing observations are made from the 
curves. 

(i) The slope of the curv^ of the formation of metal 
oxides is +ve becai^e AG® becomes less negative or 
increases with the rise in temperature. 

(ii) Each curve is a straight line except when some 

change takes place in phase is - > I or I ->g). The 

temperature at which such a change occurs is 
indicated by an increase in the slope on the -fve side. 
For example, in the Za —^ZnO curve, the melting of 
zinc is indicated by an abrupt increase in the +ve 
slope at temperature 692 K. 



Temperature in K —► 

Fig. 4.10 EUingham diagrams for oxides of some elements 
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(iii) In the case of less reactive metals like silver and 
mercury^ AG° becomes positive at high tempera¬ 
tures. It indicates that both silver oxide (Ag20) and 
mercury oxide (HgO) are unstable and decompose at 
high temperature* 

2Ag20 4 Ag +02 

2 HgO 2 Hg + 02 

(iv) In the curve of CO, AC decreases as AS® increases. 
This is indicated by the downward trend. 

(v) Any metal oxide with lower value of AG® is more 
stable than a metal oxide with higher AG®. This 
implies that the metal oxide placed higher in the 
diagram can be reduced by the metal involved in the 
formation of the oxide placed lower in the diagram. 
For example, Cr203 can be reduced by A 1 metal but 
AI2O3 caimot be reduced by Cr, 

Cr203 + 2 A 1 -> AI2O3 + 2Cr 

Thus, the relative tendency of the various metals to 
act as reducing agents is: 

Ca > Mg > A 1 > Cr > Zn > Fe > M 

Limitations of Ellingham Diagram 

Ellingham diagram simply tells whether the reduction of 
a particular oxide with a specific reducing agent is possible 
or not. However, it does not tell anything about the kinetics 
of the reduction process, i.e,, whether the reduction is fast or 
slow. 

The interpretation of AG® is based on the equilibrium 
constant, 

AG® = - RT In K 

Thus, it is presumed that the reactants and products are 
in equilibrium: 

MxO + A xM + AO 

But, this is not always true because the reactant/product 
may be solid. 

Reducing Nature of Carbon 

Carbon in the form of coke, charcoal or carbon monoxide 
is used as a reducing agent in pyrometallurgical operations. 
Such a reduction process u^d in the extraction of a metal is 
termed smelting. 

When carbon is to act as a reducing agent, the following 
three reactions are possible: 

C(s) +02(g)->C 02 (g) .**(i) 

2C(s) + 02(g) -> 2 CO(g) .;. (ii) 

2 CO(s) + 02(g)-^ 2C02(g) ... (iii) 

In the first reaction (formation of CO2) there is hardly any 
change in entropy, ie,, AS® - 0 and therefore, AG® remains 
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nearly the same with rise in temperature, i.e., AG® is indepen¬ 
dent of temperature. 

In the second reaction (formation of CO), there is increase 
in entropy (AS® is positive) and therefore, AG® becomes more 
negative with increase in temperature. 

However, in third maction, there is decrease in entropy 
(AS® is negative) and therefore, AG® becomes less negative 
with increase in temperature. 



Temperature in K 


Fig. 4.11 Ellingham diagram for the reducing nature of carbon 

The above observations can be seen in Fig. 4 . 11 . The thr^ 
curves have been found to intersect at 983 K. It implies that 
above this temperature, the reaction (ii) is most suitable. It 
means that carbon can reduce any metal oxide at very high 
temperatures and is then itself oxidised to CO. However, the 
reduction with carbon at high temperatures is not preferred 
in all cases due to the following reasons: 

(a) It involves high cost. 

(b) Some metals react with carbon at high temperatures 
and form carbides. 

(c) There are many practical difficulties in the main¬ 
tenance of high temperature. 

From the plot for the reaction of carbon monoxide with 
oxygen, it is evident that carbon monoxide acts as a better 
reducing agent than carbon at temperatures below 983 K. 

Theory of Reduction of 
Metal Oxide with Carbon 

During reduction the metal oxide decomposes, 

M^Ois) -» xM(s or 1 ) + 1/2 02(g) ... (i) 

and the carbon (reducing agent) takes away the oxygen, i.e,, 
it undergoes oxidation. 

C(s) + 1 /2 02(g)-> CO(g) ... (ii) 

AG%Q CO) 

or 1/2 C(s) + 1/2 02(g)-> 1/2 C02(g) ... (iii) 

1/2 AG°{C, CO2) 

or CO(g) + 1/2 02(g)- > C02(g) .. ^ (iv) 

AG"(C, CO2) 

The role of the reducing agent is to provide a large 
negative AG® to make the sum of the A^G® of the above 
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two reactions, (i.e., reduction of metal oxide and oxidation 
of carbon or carbon monoxide) negative. 

Reversing the equation (i) 

xMis or 1) + 1/2 02 (g) . (v) 

AG"(M, M^O) 

Subtracting equation (v) from equations (ii), (iii) and (iv) 
respectively, we have, 

M^O(s) + C(s)-> xM(s or /) + CO(g) ... (vi) 

MxOis) 4-1/2 C(s)- > xMis or l) + l/2C02(g) *.. (vii) 

M;fO(s) 4 - CO{s)-> xM{s or 0 + C 02 (g) ... (viii) 

The equations (vi), (vii) and (viii) describe the reduction 
of the metal oxide, M^O. The values of these equations 
can be obtained from EUingham diagram (Fig. 4.10). If A^^G® 
values are negative, the reduction is feasible otherwise not. 
Greater the difference, easier is the reduction. 

Without making any calculations for A^G®, the prediction 
about the feasibility of a reduction process can be made by 
looking at the EUingham diagram. Metal oxide placed 
higher in the diagram can be reduced by the element 
(metal) involved in the formation of the oxide placed lower 
in the diagram. 

It is important to note that if a particular reduction process 
does not take place at a lower temperature, it may take place 
at a higher temperature. EUingham diagram also helps in 
selecting such a temperature. The temperature is indicated 
by the intersection of the two curves. For example, the 
temperature at the intersection point 'A' in Fig 4.10 of two 

curves for A1-> AI 2 O 3 and Mg—^ MgO is approximately 

1665 K, Below this temperature Mg reduces AI 2 O 3 into A1 
but above 1665 K, A1 can reduce MgO into Mg. 


4^ APPLICATIONS OP ELLINGHAM 
DIAGRAM IN PYROMETALLURGY 


The utility of EUingham diagram in pyrometallurgy can be 
iUustrated by discussing the extraction of iron, copper and 
zmc from their respective oxides. 


s (A) Theory of reduction of Haematite 

In the EUingham diagram (Fig. 4.12), there are three curves 
which illustrate the formation of ferric oxide from iron. 



Temperature in K-*- 

Fig. 4.12 EUingham diagram for th6 reduction of haematite 


formation of CO from carbon and formation of CO 2 from 
CO. The curves cross each other at 1073 K. 

Above 1073 K, AG® for the formation of Fe 203 is less 
negative than AG^ for the formation of carbon monoxide from 
carbon. Thus, above 1073 K, carbon (coke) can reduce Fe 203 , 
i.e., ArG° for the reaction, 

> 1073 K 

Fe 203 (s) + 3C(s)-^ 2Fe(s) + 3CO(g) 

is negative. 

Below 1073 K, AG® for formation of CO from carbon is less 
negative than AG® for the formation of Fe 203 . A^G® for the 
reduction of Fe 203 with carbon wiU be positive and hence, 
reduction is not possible. However, it is observed from the 
diagram that AG® of formation of CO 2 from CO is more 
negative than AG® of formation of Fe 203 . This means that 
Fe 203 can be reduced by CO below 1073 K, ie., Aj.G® for the 
reaction, 

♦ > 1073 K 

Fe 203 (s) + 3CO(s) --> 2Fe(s) + 3 C 02 (^) 

is negative. 

Thus, in the blast furnace, reduction of Fe 203 occurs in 
different temperature ranges either below 1073 K by carbon 
monoxide or above 1073 K by carbon (coke). 

» (B) Theory of reduction of CU 2 O 

{i.e.. Extraction of copper from cuprous oxide) 

In the EUingham diagram (Fig. 4.13), it is observed that 
CU 2 O curve lies almost at the top while the lines showing 
the formation of CO 2 from C and CO and the formation of 
CO from carbon lie much below it. So it is quite easy to 
reduce CU 2 O to the metal by heating with coke at temperatures 
after 500-600 K. 



Temperature in K-► 

Fig. 4.13 EUingham diagram for copper and carbon oxides 

However, most of the ores of copper are sulphides and 
contain iron sulphide also. Thus, the ores are first roasted in 
such a way so that iron is removed and copper sulphide is 
converted into cuprous oxide, 

2CU2S + 3O2- > 2CU2O + 2SO2 

The oxide can then be easily reduced to metallic copper 
by using coke. 

CU 2 O + C-> 2 Cu + CO 
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However, this method is not used in actual practice for 
the extraction of copper. 


(C) Theory of reduction of ZnO 

Ellingham diagram (Fig. 4.14) reveals that the curves 
involving the formation of ZnO and carbon monoxide cross 
each other at about 1270 K. 



Temperature in K-► 

Fig. 4.14 Ellingham diagram for formation of ZnO and CO 

There is a sudden increase in the value of AG*' for the 
formation of ZnO above 1180 K. This is due to the fact that 
zinc begins to boil at this temperature. Above 1270 K, 

of the following equation, 

> 1270K 

ZnO(s) + C(s) -> Zn(g) + CO(g). 

is considerable negative and thus, reduction of ZnO with 
coke CKCurs easily. 

aM third operation—refining 

OR PURIFICATION 


The metals obtained by the application of above reduction 
methods from the concentrated ores are usually impure. 
These impure metals may be associated with small amoxmts 
of (a) unchanged ore, (b) other metals produced by the 
simultaneous reduction of their compounds originally 
present in the ore, (c) non-metals like silicon, carbon, 
phosphorus, etc., (d) lesidual slag, flux, etc. The impure metal 
is thus subjected to some purifying processes known as 
refining in order to remove the imdesired impurities. The 
following refining processes may be applied depending 
upon the nature of the metal under treatment and the nature 
of the impurities. 

(a) Liquation process : This process is based on the 
difference in fusibility of the metal and impurities. When the 
impurities are less fusible than the metal itself, this process 
is employed. The impure metal is placed on the sloping 
hearth of a furnace and gently heated. The metal melts and 
flows down leaving behind the impurities on the hearth. This 
method is used to purify the metals like Bi, Sn, Pb, Hg, etc. 

(b) Distillation : This process is used for those metals 
which are easily volatile. The impure metal is heated in a 
retort and its vapours are separately condensed m a receiver. 


The non-volatile impurities are left-behind in the retort. 
This is used for the purification of Zn, Cd, Hg, etc. 

(c) Pyrometailui^lcal oxidation pi^cess : This proc^ 
is used when the impurities have a greater affinity for oxygen 
than the metal itself. This method is usually employed for 
refining the metals like Fe, Cu, Ag, etc. The oxidation is done 
by various ways, 

(i) Cupellation : The impure metal is heated in a cupel 
or oval shaped crucible made of bone ash or cement and a 
blast of air is passed over the molten mass. The impurities 
get oxidised and removed with the blast of air. For example 
the impurity of lead present in silver is removed by 
cupellation process. 

(ii) Bessemerisation : The impure metal is heated in a 
furnace and a blast of compressed air is blown through the 
molten mass. The impurities get oxidised. For example, the 
molten pig iron is taken in a bessemer converter and 
compressed air is passed which oxidises the impurities. 

2Mn + O 2 -> 2MnO 

Si + O 2 -> Si02 

2 C + O 2 —^ 2 CO 
MnO + Si 02 -> MnSiOa 

Slag 

(iii) Poling : The impure metal containing oxides as 
impurity can be purified by this method. The molten impure 
metal is stirred with green poles of wood. The green poles of 
wood release the hydrocarbon gases which reduce the oxide 
impurities. This method is esp^ially used in the purification 
of copper (old method). 

(d) Electrolytic refining of metals : Many of the metals 
such as copper, silver, gold, aluminium, lead, etc., are 
purified by this method. This is perhaps the most important 
method. The impure metal is made anode while a thin sheet 
of pure metal acts as a cathode. The electrolytic solution 
consiste of generally an aqueous solution of a salt or a 
complex of the metal. On posing the current, the pure metal 
is deposited on the cathode and equivalent amount of the 
metal gets dissolved from the anode. Thus, the metal is 
transferred from anode to cathode through solution. The 
soluble impurities pass into the solution while the insoluble 
one, especially less electropositive impurities collect below 
the anode as anodic mud or anode sludge. Some examples 
are given below: 

(i) Purification of copper 

Impure metal-™Axiode; 

Thin sheets of copper^^^g^^d^ - 

Electrolyte—^An aqueous solution of copper sulphate 

containing H 2 SO 4 . 

A current of 1.3 volt is used. Anodic mud contains 
Ag, Au, Pt, Pd, etc., and impurities like Fe, Zn, M, 
etc., pass into the solution. 99.9% pure copper is 
obtained. 
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Electrolyte 


Fig. 4.15 Purification of copper by electrolysis 


(ii) Purification of silver 

Impure metal—^Anode; 

A thin sheet of pure silver—Cathode. 

Electrolyte—An aqueous solution of AgN 03 
containing HNO 3 . 

(Hi) Purification of lead 


Impure metal—^Anode; 

A sheet of pure lead—Cathode. 

Electrolyte—^A solution of lead silico fluoride PbSiF^ 
containing 8-10% of H 2 SiF 6 . 

(e) Special methods : Sometime some special methods 
are used for refining or purification of metals, some of which 
are given below: 


(i) Mond's process : Nickel is purified by this method. 
Impure nickel is treated with carbon monoxide at 60-80^C 
when volatile compound, nickel carbonyl, is formed. Nickel 
carbonyl decomposes at ISO'^C to form pure nickel and 
carbon monoxide which can again be used. 


60”80^C 180“C 

Impure nickel + CO-^ Ni(CO )4 -> Ni + 4CO 

Gaseous compoimd j 


(H) Van Arkel priKiess: This method is generally applied 
for obtaining liltrapure metals. The impure metal is converted 
into a volatile compound while the impurities are not 
affected. The volatile compound is then d«:omposed 
electrically to get the pure metal. 

Ti, Zr, Hf, Si, etc., have been refined by this method. 


Impure metal + 


*523 K 

Ti(s) + 212 (g) -> Tn 4 (g) 

Impure 

1700 K 

Tik(g) - m + lhig) 

This method is quite expensive. 

(iii) Zone i^rining or Fractional crystallisation: Elements 
such as Si, Ge, Ga, etc., which are used as semiconductors 
are refined by this method. Highly pure metals are obtained. 
The method is based on the difference in solubility of impuri¬ 
ties in molten and solid state of the metal. A movable heater 
is fitted around a rod of the impure metal. The heater is 
slowly moved across the rod. The metal melts at the point of 
heating and as the heater moves on from one end of the rod 
to the other end, the pure metal crystallises while the 
impurities pass on the adjacent melted zone. 



t i i I 

Pure metal [ _ ] Impure zone 

Moving circular 
heater 


Fig. 4.16 

Different metallurgical processes can be broadly divided 
into three main types. 

1. Pyrometalluigy: Extraction is done using heat energy: 
The metals like Cu, Fe, Zn, Pb, Sn, Ni, Cr, Hg, etc., which are 
found in nature in the form of oxides, carbonates, sulphides 
are extracted by this process. 

2. Hydrometalluigy : Extraction of metals involving 
aqueous solution is known as hydrometallurgy. Silver, gold, 
etc., are extracted by this process. 

3. Electrometallu]^ : Extraction of highly reactive 
metals such as Na, K, Ca, Mg, Al, etc., by carrying electrolysis 
of one of the suitable compound in fused or molten state. 


Heating 

-> Metal iodide-^ Metal+ I 2 

t (Vapours) I 
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SUMMARY OF THE EXTRACTION OF METALS 

Metal Main Occurrence Main Method of Extraction 

Sodium 
Magnesium 
Calcium 
Aluminium 
Copper 


Silver 


Zinc 

Lead 

Tin 

Iron 

Chrornium 

Nickel 

Mercury 


from the roof of the furnace to the charge undergoing reaction. 
Thus, this furnace can be used for reduction as well as for 
oxidation purposes. 

The furnace consists of three main parts namely fire place, 
hearth and chimney. The fire place is built at one end of the 
furnace at slightly lower level than that of the hearth.The roof 
is made slanting and connecte with the chimney on the other 
end. The hot gases from the fire place are reflected by the 
concave ceiling over the hearth. The furnace is surrounded 
on all sides by walls of fire bricks. Air supply can be 
controlled by vents and direct blast. 

The furnace is used for smelting (reduction) and roasting 
of the ores. The reduction is done by the use of some suitable 
reducing agent. The furnace is used (a) for reducing the 
roasted tin stone (Sn 02 ) to molten tin metal by the use of coke, 
(b) for roasting the galena ore (PbS) as to convert it into PbO 
and PbS 04 by the use of air, (c) for roasting of copper pyrites 
(CuFeS 2 ) as to convert it into CU 2 O and FeO by means of air. 

& (ii) Blast Furnace 

Iron ore is converted to iron in a special type furnace, 
called blast furnace (fig. 4.18). It is a huge chimney like 
structure which can be between 25 and 60 metres in height 
and 5 to 10 metres in diameter; It is constructed of steel plates 


4^ FURNACES 

Furnace is a device in which high temperature is produced 
either by burning a fuel or by using electricity. Several t 5 ^es 
of furnaces are used in the extraction of metals. The 
important ones are described below: 

m (i) Reverberatory Furnace 

This is the kind of a furnace in which fuel does not come 
in direct contact with the charge. The flames are deflected 



Common Salt, NaCl 

CamalMte, KCl-MgCl2’6H20; Magnesite, MgC03 

Limestone, CaCO^; Gypsum, CaS04*2H20 

Bauxite, A1203-2H20 

Copper pyrites, CuFeS2 

Cuprite, CU2O 

Argentite, Ag2S 

Native silver 

Zinc blende, ZnS 
Calamine, ZnC03 
Galena, PbS 

Cassiterite, Sn02 

Haematite, Fe203 
Magnetite, Fe304 
Chromite, FeO*Cr2C>3 

Millerite, NiS 

Cinnabar, HgS 


Electrolysis of fused NaCl with CaCb 
Electrolysis of fused MgCb with KCl 
Electrolysis of fused CaCb and CaF2 
Electrolysis of AI2O3 in molten NasAlF^ (cryolite) 

Partial oxidation of sulphide ore 

(2CU2O + CU2S-> 6Cu + SC^) 

Hydrometallurgy 

Ag2S + 4 NaCN-> 2NaAg(CN)2 + Na2S 

2NaAg(CN)2 + Zn-> Na2Zn(CN)4 + 2Ag 

Reduction of ZnO with carbon or electrolysis of ZnS04 

-ZnO + C-> Zn + CO ’ 

Reduction of FbO with carbon 

PbO + C->Pb + CO 

Reduction of Sn02 with carboT' 

Sn02 + 2C->Sn + 2 Ce 

Reduction of oxide with, carbon monoxide 

Fe203 + 3 CO-> 2 Fe ^ 3CO2 

Reduction of Cr203 with A 1 

0-203 + 2 A 1 -^ 2 Cr + AI2O3 

Reduction of NiO with CO 

NiO + 5 CO-» Ni(CO)4 + CO2; Ni(CO)4-> Ni + 4 CO 

Direct reduction of HgS by heat alone 
HgS + O2-> Hg + SO2 
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and the inner regions lined with fire-bricks. It has a double 
cup and cone arrangement at the top for the introduction of 
charge. Preheated air at a temperature of about 600®C is 
injected into the furnace through a number of pipes called 
tuyeres in the bottom of the furnace. It is provided with two 
tap holes plugged with clay; molten metal is tapped from the 
lower one and molten slag from the other. The temperature 
range in the furnace is from 1600°C at the bottom and 
200-300°C at the top. Carbon and carbon monoxide reduce 
the metallic oxides to the free metals. 



Fig. 4.18 Blast furnace 


Blast furnace is frequently used for the extraction of iron 
and copper from their ores. Slag formation plays an 
important role in the blast furnace as it covers the melted 
metal and thus protects the metal from being reoxidised. 

^ (Hi) Muffle Furnace 

This furnace is used 
when high temperature is 
required and th^ fuel and 
its products of combustion 
are not to be desired to 
come into contact with the 
material to be heated. The 
muffle is a chamber made 
of refractory material. The 
muffle is surrounded* by 

hot flames and hot gases all pig. 4.19 Muffle furnace 
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around. In an electric muffle furnace the closed chamber is 
surroimded by heating electric coils. Such a furnace is used 
for the extraction of zinc, for annealing of gold and silver 
assaying. 

@ (iv) Electric Furnaces 

In these furnaces, electrical energy is converted into heat 
energy. Such furnaces are largely used where cheap power 
is avaEable and very high temperatures are required and 
also for carrying electrolytic reduction; The electric furnaces 
are generally of three types : 

(a) Induction furnace, 

(b) Arc furnaces and 

(c) Resistance furnace. 

(a) Induction furnace : In this furnace the charge lying 
on the furnace bed or in a crucible constitute the secondary 
coil of an induction unit and the induced currents produced 
by making and breaking the primary circuit, heat up the 
material. 

(b) Arc furnaces : Heat is generated by arcs and a 
temperature over 3000°C may be obtained. Carbon electrodes 
are used to carry the current and an arc is struck between 
them and the charge. Arc furnaces are of two types: 

(i) Direct heat and 

(ii) Indirect heat. 

In the direct heat arc furnaces, arc is used to heat up a 
gas in which the arc is burning and in indirect heat arc 
furnace, the arc bums above the charge, i.e., the arc radiates 
heat towards the charge. 

(c) Resistance furnace : Heat is generated by the 
resistance in the electric circuit. In some cases the material 
forming the charge may act as the resistance and in other 
cases, the body of furnace is made up of resistance material 
and this material cause heating. In some cases, rods of poorly 
conducting materials are embedded into the charge which 
become intensely hot on passage of the current. 

448 REFRACTORY MATERIALS 

The materials which can withstand very high temperatures 
without melting or becoming soft are known as refractory 
materials. These are not affected by slags formed during the 
extraction of metals. These are used in the form of bricks for 
the internal linings of furnaces. Refractory materials used are 
of three types: 

(i) Acid refractories : Silica, quartz, siUcious sand 
stones, etc., are the examples. 

(ii) Basic refractories: Lime, dolomite, magnesite, etc., 
are the examples. 

(iii) Neutral refractories: Graphite, chromite, bone ash, 
etc., are the examples. 

Silica (92% Si 02 , 2.7% AI 2 O 3 ) and quartz can tolerate 
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temperatures upto about 1750®C, bauxite upto ISOO'^C, 2200®C. Some carbides such as silicon carbide is iised as 

alumina upto 2000°C and magnesite, chromite, etc., upto refractory for special purposes. 


MINERAL RESOURCES QF INDIA 


Mineral re^urces of a country determine the economic 
position of the country. The country which is rich in mineral 
resources is definitely a prosperous country. India has large 
mineral resources but not too large in view of the country's 
huge size and population. India has abundant reserves of 
coal, mica ore, manganese ore, iron ore, aluminium ore, 
titanium ore, etc., but particularly poor in non-ferrous metals. 
A short description of the important metals found in India 
is given here. 

1. Iron : India contains some of the world's largest 
reserves of iron ore, mainly haematite and magnetite. 
India holds the sixth position regarding the production 
of iron ore m the world. Large deposits have been 
reported in Bihar, Jharkhand, Orissa, Madhya Pradesh, 
Karnataka, Andhra Pradesh and Goa. The states of 
Orissa and Jharkhand [Singhbhum (Jharkhand); 
Keonjhar, Sonai and Mayurbhanj (Orissa)) produce over 
75% of the total iron ore producai in India. The 
important steel plants are located at Bhilai, Durgapur, 
Rourkela, Jamshedpur, Bhadravati and Bumpur. 

2 . Manganese : India possesses large reserves of 
manganese ore mainly pyrolusite (Mn02). India holds 
the fourth position in the production of manganese ore 
in the world. Orissa is the leading producer followed 
by Karnataka, Madhya Pradesh and Maharashtra. 

3. Aluminium : India is rich in bauxite reserves. 
Workable deposits are found in Jharkhand, Madhya 
Pradesh, Tamil Nadu, Maharashtra, Karnataka, Onssa 
and Gujarat. The availability of cheap power is a must 


Problem 1. What are four most abundant elements in 
earth's crust? Arrange them in decreasing abundance. 

Solution: 

Oxygen, silicon, aluminium and iron are the most 
abundant elements in the earth's crust. The abundance order 
is: 

O > Si > A1 > Fe 

Problem 2. In general which metal do you expect to occur in 
the native state in nature? Give examples. 

Solution: 

The metals which are below hydrogen in the electro¬ 
chemical series, i.e., which are less electropositive metals can 
occur in native state in nature. These metals are not readily 
attacked by oxygen, moisture, carbon dioxide, etc. Examples 
are : Ag, Au, Pt, Pd, etc. 


for the development of aluminium industry in India. 

4. Copper: The known copper ore deposits in India are 
meagre. Almost all the present production of copper ore 
comes from Singhbhum and Hazaribagh district of 
Jharkhand and Khetri of Rajasthan. 

5. Gold t India has very meagre gold reserves. The only 
gold mine is at Kolar in Karnataka state. It is one of the 
deepest mines of the world. 

6 . Chromium : Chromite (FeO Cr 203 ) is the chief ore of 
chromium. It is mainly found in Orissa, Jharkhand, 
Mysore and Maharashtra. 

7. Barium: Barytes is the main ore of barium. It is mainly 
found in Andhra Pradesh, Rajasthan and Tamil Nadu. 

8 . Lead and Zinc : India has no important deposils of 
lead and zinc ores. Recently lead and zinc ores have been 
foimd at Zawar mines near Udaipur and at Hazaribagji 
(Jharkhand). Zawar deposits contain 8-10% Zn and 5% 
lead, 

9. Calcium : The sulphate ore of calcium (gypsum) is 
mainly found in Rajasthan. Limestone and marble 
(calcium carbonate) are found in large amounts in 
almost all the stat^ of India. 

10 . Titanium i The principal ore of titanium is ilmenite. It 
is mainly found in the eastern and western coasts of 
India. 

11 . Thorium : Beach sands of Kerala and Tamil Nadu 
contain a useful mineral monazite which is used for the 
extraction of thorium and rare-earths. 


Problem 3. Why do metal sulphides occur mainly in rocks 
and metal halides in lakes and seas? 

Solution: 

Metal sulphides are insoluble in water while metal 
chlorides are soluble in water. Thus, chlorides get dissolved 
in rain water and washed away to lakes and seas. 

Problem 4. What is the role of depressant in froth floatation 
process? 

Solution: ^ 

The depressants help in the separation of two sulphide 
ores. For example, in case of an ore containing PbS (Galena) 
and ZnS (Zinc blende), the depressant is NaGN. It prevents 
ZnS fi:'om coming to the froth but allows PbS to come with 
froth in the froth floatation process. ZnS forms a soluble 
complex with NaCN. 
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ZnS + 4 NaCN-> Na2Zn{CN)4 +Na2S 

Sodium tetracyanozincate (11) 

Problem 5. What is the significance of leaching in the 
extraction aluminium? 

Solution: 

The bauxite ore is always associated with silica, iron 
oxide and titanium oxide as impurities. These impurities are 
removed by the process of leaching. The powdered bauxite 
ore is heated with 45 % solution of NaOH at 473-523 K. 
Alumina and silica dissolve while Fe203 and Ti02 remain 
insoluble. These are filtered off and solution is neutralised 
with CO2 and freshly precipitated Al(OH)3 is added when 
hydrated alumina separates out. The sodium siUcate remains 
in solution. Hydrated alumina is separated and dried. This 
gives pure alumina on heating strongly. 

AI2O3 •2H20 + 2Na0H + H20 ^^^=^^2Na[Al(OH)4l 

Bauxite Sod. aluminate 

Si02+2Na0H-> Na2Si03 

Sod. silicate 

2Na[Al(OH)4] + 2CO2—^ AI2O3 2H2O + 2NaHC03 + H2O 

A1203-2H20 AI2O3 + 2H2O 

Problem 6. Which of the ores can be concentrated by 
magnetic separation? ^ 

Solution: 

The ores in which one of the components either the actual 
ore or the impurity is magnetic in nature can be concentrated 
by magnetic separation. For example, ores of iron such as 
haematite, magnetite, siderite, etc., can be concentrated by 
magnetic separation. 

Problem 7 . Differentiate between 

(i) Minerals and ores 

iii) Roasting and calcination. 

Solution: 

(i) The natural substances in which metals occur in the 
earth are called minerals. The mineral has a definite 
composition. It may be a single compound or a complex 
mixture. It is usually associated with a number of impurities. 

The minerals from which the metals can be conveniently 
and economically extracted are known as ores. 

Thus, all ores are minerals but all minerals are not ores. 

For example, iron is found in the nature as oxides, 
carbonate and sulphides. Out of these minerals, the oxides 
of iron such as haematite, magnetite, etc., are used for 
extraction. Therefore, oxides of iron are the ores of iron. 

(ii) Calcination is a process in which the ore is heated 
below its fusion temperature in absence of air. The process 
does the following things: 

(a) It removes the volatile impurities lLkeC02,S02 organic 
matter, moisture from the ore. 

(b) It removes water from hydrated oxide ore. 

A1203-2H20-> AI2O3 + 2H2O 

2Fe203'3H20 —» 2 F;e 203 + 3 H 2 O 


(c) It removes CO2 from a carbonate ore. 

CaC:03->Ca0 + C02 

CUCO3* Cu(OH) 2-> 2CuO + CO2 + H2O 

This process is generally done in a reverberatory furnace. 
This process makes the ore porous. 

Roasting is a process in which the ore (usually the 
sulphide ore) is heated strongly in the presence of excess 
of air. The heating should be done at a temperature below 
the melting point of the ore. The ore is heated alone or 
mixed with some other materials. The process does the 
following thin^. 

(a) It dries the ore. 

(b) The volatile impurities hke CO2, SO2 organic matter, 
moisture are all driven out. 

(c) The ore is converted into oxide. 

2 ZnS + 3O2-> 2 ZnO + 2SO2 

2 HgS + 3O2 -> 2 HgO + 2SO2 

Sometimes sulphide ore is converted into sulphate. 
PbS + 202->PbS04 

(d) The sulphide ore is converted into chloride. 

Ag2S + 2 NaCl-> 2 AgCl + Na2S 

Problem 8. Why is the reduction of a metal oxide easier if 
the metal formed is in liquid state at the temperature of 
reduction? 

Solution: 

The entropy of a substance is higher in liquid state than 
in solid state. In the reduction of a metal oxide, the entropy 
change (AS) will be +ve if the metal formed is in liquid state. 
Thus, the value of AG° becomes negative and reduction 
occurs easily. 

Problem 9 . Out ofC and CO which is a better reducing agent 
at 673 K? 

Solution: 

When carbon acts as a reducing agent, it is either converted 
into CO or CO2 or both. 

2C + O2-—> 2 CO 
C + O2- >C 02 

CO is oxidised to CO2 when it is used as a reducing agent. 

2CO + O2- > 2 C 02 

From the Ellingham diagram, it is clear that at the 
temperature 673 K, the AC of the formation of CO2 from CO 
is more negative than the formation of CO or CO2 from 
carbon. Hence, at temperature 673 K, CO is a better reducing 
agent than C. 

Problem 10 * Out of C and CO, which is a better reducing 
agent for ZnO? 

Solution: 

From the Ellingham diagram, it is dear that the free 
energy of formation of CO from C is lower at temperatures 
above 1120 K while that of CO2 from carbon is lower above 
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1323 K than free energy of formation of ZnO. However, the 
free energy of formation of CO2 from CO is always 
higher than that of ZnO. Hence, C is a better reducing agent 
of ZnO. 

Problem 11 . The choice of a reducing agent in a particular 
case depends on thermodynamic factor. How far do you agree with 
this statement? Support your opinion with two examples. 

Solution: 

From the EUingham diagram, it is evident that any metal 
oxide with lower AG® is more stable than the metal oxide with 
higher AG® Thisrimplies that the metal oxide placed lower 
in the diagram cannot be reduced by the metal involved in 
the formation of the oxide placal higher in the diagram. 
However, reverse can readily take place. Thus, AI2O3 cannot 
be reduced by Cr. However, chromium oxide can be reduced 
by Al. 

At temperature 1773 K, the change in free energy for the 
formation of AI2O3 and Cr203 is given below: 

2 A 1 + IQ2-» AI2O3; AG = -900 kj moF^ ... (i) 

2 Cr + IO2-^ CT2O3; AG = -500 kJ moF^ ... (ii) 

The reaction for the reduction of AI2O3 with Cr may be 
obtained by subtracting eq. (i) from eq. (ii). 

AI2O3 + 2 Cr-> Cr203 + 2 A 1 ; AG = 400 kJ moF^ 

This reaction is thermodynamically not feasible since AG 
has +ve value. 

The reaction for the reduction of Cr203 with Al may be 
obtained by subtracting eq. (ii) from eq. (i). 

Cr203 + 2 A 1 -> AI2O3 + 2 Cr; AG = -400 kJ moF’ 

This reaction is feasible since AG has negative value. 
Similarly, both Al and Zn can reduce FeO to Fe but Fe cannot 
reduce AI2O3 or ZnO. 


Thus, thermodynamic factor helps in choosing a 
suitable reducing agent for the reduction of a particular metal 
oxide. 

Problem 12. (0 Suggest a condition under which magne¬ 
sium could reduce alumina. 

(ii) Predict condition under which Al might be expected to 
reduce MgO. 

Solution: 

(i) AG of formation of AI2O3 at temperature below 1665 K 
is less negative than AG of formation of MgO. Thus, below 
1665 K magnesium can reduce AI2O3 to AL 

(M) The temperature of intersection of the Al- > AI2O3 

and Mg-^ MgO curves in the EUingham diagram is 1665 

K. Above this temperature, AG of formation of AI2O3 is more 
negative than AG of formation of M^. Thus, above 1665 K 
aluminium can reduce MgO into Mg. 

Problem 13 , Copper can be extracted by hydrometallurgy but 
not zinc. Explain. 

Solution: 

Copper is comparatively less active metal as its reduction 
potential, ie., E®(Cu^'^/Cu) is high (+ 0.34 V). It can be 
dteplaced from solutions of Cu^^ ions by more active metals 
which have E® values lower than copper. For example, E® of 
zinc (Zn^^/Zn) is - 0.76 V and thus, zinc can displace copper 

from solutions of Cu ions. 

In contrast to displace zinc from solutions of Zn^"^ ions a 
more reactive metal than it is required. But, the more active 
metals readily leact with water forming their corresponding 
ions and evolve hydrogen gas. Thus, it is difficult to displace 

o I 

zinc from solutions of Zn ions. Hence, copper can be 
extracted by hydrometallurgy but not zinc. 


n SUMMARY AND IMPORTANT POINTS TO R€M6MB€R Q 


1 . The most abundant element in the earth's crust is oxygen. 
Next to oxygen is the element silicon. 

2. The most abundant metal in the earth's crust is aluminium. 

3 . The most abundant transition metal in the earth's crust is 
iron. 

4 . About 88 elements are naturally occurring while the 
remainii^ have been synthesized. The earth's crust is the 
biggest source of metals. Metals occur in nature sometimes 
free (native state) but mostly in the combined state.The 
natural substances in which the metals or their compounds 
occur in the earth are called minerals. The minerals from 
which the metal can be conveniently and economically 
extracted are called ores. Ores may be divided into four 
groups: 

(a) Native ores : Metals present in free state associated 
with rock or alluvial materials such as gold, platinum, 
silver, etc. Sometimes lumps of pure metals are found. 
These are termed nuggets. 


(b) Sulphurised or arsenical ores : The examples are: 
Galena (PbS); Zinc blende (ZnS); Cinnabar (HgS); 
Argentite (Ag2S); Copper pyrite (CuFeS2); Kupfer nickel 
(NiAs). 

(c) Oxidised ores t Metals are present as oxides or 
oxysalts. The examples are : Haematite (Fe203); Bauxite 
(Ai203-2H20); Tinstone (Sn02); Rutile (Ti02); Zindte 
(ZnO); Limestone (CaCO^); Dolomite (CaCOs* MgCOa); 
Malachite [CuCOa* Cu(OH)2]; Calamine (ZnCOa); ChOe 
saltpetre (NaN03); Gypsum (CaS04* 2H2O); Barytes 
(BaS04); Beryl ( 3 BeO-AI2O3-6Si02). 

(d) Halide ores i Examples are : Comn^on salt (NaCl); 
Camallite (KCl-MgCl2*6H20), Fluorspar (CaF2). 

5 , The whole process of obtaining a pure metal from one of 
its ores is known as metallurgy. Metallurgy of a metal 
involves three main operations: , 

(a) Concentration or dressing of the ore (b) Isolation of crude 
metals (c) Purification or refining. 
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6: The undesired impurities such as sand, clay, rocks, etc., 
associated with the ore are called gangue or matrix. The 
removal of these impurities from the ores is known as 
concentration or dressing of ores. The concentration is done 
in a number of ways depending upon the nature of 
impurities. 

(a) The process of removing the lighter particles of sand, 
clay, etc., by washing with water either using Wilfley 
table or Hydraulic classifier is called levigation or 
gravity separation. 

The oxide ores of iron (haematite) and tin (cassiteiite 
or tinstone) and native ores of Ag, Au, etc., are concen¬ 
trated by this process. 

(b) Electromagnetic separation method is applied when 
either the ore or the impurities are magnetic in nature. 
Chromite ore (magnetic) is separated from non¬ 
magnetic siUcious impurities. Wolframite (FeW04), a 
magnetic ore is separated from non-magnetic ore, 
cassiteiite (SnOa), by this method. 

(c) Froth floatation process is used for the concentration of 
sulphide ores. This process is based on the preferential 
wetting of ore particles by oil (pine oO) and gangue 
particles by water. Zinc blende, copper pyrites, galena, 
etc., are concentrated by this process. 

(d) Leaching involves the treatment of the ore with a 
suitable reagent to make it soluble wfiile impurities 
remain insoluble. The ore or the metal is recovered from 
the solution by a suitable chemical method. 

For example, bauxite is digested with aqueous solution 
of NaOH, when A1203 dissolves forming sodium meta 
aluminate (NaA102) while impurities such as Fe203, 
TiC)2 and silica remain insoluble. Pure alumina is 
recovered from the filtrate. 

Native ores of Ag and Au are treated with aqueous 
dilute solution of NaCN in presence of oxygen. The Ag 
and Au particles get dissolved forming complex 
cyanides. Ag or Au is recovered from the solution by 
addition of electropositive metal, Zn. 

7. Extraction of crude metals : Metals are usually extracted 
by reduction. Thus, the concentrated ore is converted into a 
form which is suitable for reduction. Oxides are easier to 
reduce. Therefore, the extraction involves the following two 
steps: 

(a) Conversion of the ore into metallic oxide, 

(b) Reduction of metallic oxide. 

(a) Two methods are used for conversion into oxides. 

(i) Calcination involves heating of the ore below its 
fusion temperature in absence of air. This step 
expels organic matter and moisture from the ores. 
Carbonates may be decomposed. 

(ii) Roasting involves heating of the ore either alone 
or with some other mateiial in presence of oxygen 
(air) below its fusion temperature. This process is 
generally done in a reverberatory furnace. Non- 
metallic impurities are removed as their volatile 
oxides. The ores such as sulphides are simulta¬ 
neously converted into corresponding oxides either 
partially or completely. 

(b) Reduction of the oxide to the free metal is done by a 
suitable reducing agent. The following methods can be 
applied. 


(i) Smelting : The process of extracting a metal by^ 
heating the metal oxide with a suitable reducing 
agent such as C, H2, CO, water gas, Na, K, Mg, Al, 
etc,, at high temperature is called smelting. The 
process, in general, is termed p5nrometallurgy. 

It is applicable especially for the extraction of less 
electropositive metals such as Fe, Zn, Pb, Sn, etc., 
carbon, carbon monoxide and aluminium are 
generally used as reducing agents. 

The term smelting is applied when coke or carbon 
is used as a reducing agent. The ore is mixed with 
a suitable quantity of coke or charcoal (acts as a 
reducing agent) and heated to a high temperature 
above its melting point. An additional reagent is 
usually added to the concentrated ore to remove if 
stih impurities are present. This additional reagent 
is called fltix. Flux combines with impurities and 
forms a fusible slag. The selection of flux depends 
on the nature of impurities. If impurities are acidic, 
basic flux such as CaO is used whOe acidic flux such 
as silica is used if the impurities are basic. The 
process is carried out in a blast furnace. 

(ii) Goldschmidt altiminotheimic process—Reduction 
by aluminium : This process is used in the case 
of those metals which have very high melting 
points and are to be extracted from their oxides. A 
mixture of metal oxide and aluminium powder, 
commonly called as thermite, is taken in a steel 
crucible placed in a bed of sand. The reaction is 
started by the use of an ignibon mixture containing 
magnesium powder and barium peroxide. 

(iii) Auto or Self reduction process: The sulphide ores 
of less electropositive metals like Hg, Pb, Cu, etc,, 
are heated in air as to convert part of the ore into 
oxide or sulphate which then reacts with the 
remaining sulphide ore to give the metal and SO2. 
No external reducing agent is used in this process. 

(iv) Electrolytic reduction : The highly electro¬ 
positive metals such as alkali metals, alkaline earth 
metals, Al, etc., are extracted by the electrolysis of 
hydroxides, chlorides or oxides in the fused state. 
Sometimes, a small amount of some other salt is 
added to decreases the fusion temperature or to 
increase the. conductivity or both. The metal is 
liberated at the cathode. 

(v) Hydrometallui^ : Certain metals such as silver 
and gold are extracted by dissolving the 
concenteted ore m some suitable reagent and then 
recovering the metal from the solution by 
treatment with some more electropositive metal 
8. Thermodynamic principles : The basic concepts of 
thermodynamics are quite helpful in sel^rting a suitable 
reducing agent for a particular oxide. In the oxidation 
reduction reaction, the Gibbs free energy change should be 
negative at an appropriate temperature. 

AG^ = AW ~ TAS" 

The concept is graphically displayed in plots of AG° vs T 
(EUingham diagram). Any metal oxide with lower value of 
AG^ is more stable than metal oxide with higher AG°, This 
implies that metal oxide placed higher in the diagram can 
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be reduced by tbe metal involved in the formation of the 
oxide placed lower in the diagram. This concept is applied 
in the extraction of Fe^ Zn and Cu. 

9 . The concept of electrode potential is useful in the isolation 
of the metals either by electrolysis or by displacing one 
metal by other in the solution. The sum of the E® of two 
redox couples should be positive so that Gibbs energy 
change is negative. 

AG" = --«F£^ 

The process of extraction of metals by electrolysis of their 
fused salts is called electrometallurgy. In electrolysis, 
electrons act as reducing agent at cathode. One example of 
the electrometallurgy is the extraction of aluminium metal 
from bauxite ore. 

10. Third operation ; Purification or refining : The process of 
purifying impure metals is called refining. 

(a) Liquation process : The process is based on the 
difference in fusibility of the metal and impurities. When 
the impurities are less fusible than the metal itself, this 
process is usedi The impure metal such as Bi, Sn, Pb, 
Hg, etc., is placed on the sloping hearth of a furnace and 
gently heated. The metal melts and flows down. 

(b) Distillation: The process is used for those metals which 
are volatile. The impure metal is heated and the vapours 
are ^parately condensed in a receiver. This is used for 
the purification of Zn, Cd, Hg, etc. 

(c) Cupellation : The impure metal is heated in cupel or 
oval shaped crucible made of bone ash or cement and a 
blast of air is passed over the molten mass. The 
impurities are oxidised and removed with the blast of 
air. Impurity of lead in silver is removed by this process. 

(d) Poling: , It is used for puritication of those metals which 
contain their own oxides as impurity. The molten impure 
metal is stirred with green poles of wood, 

(e) Electrorefinmg : Metals like Cu, Ag, Au, Ni, Cr, Al, 
etc., are purified by this method. The impure metal is 
made the anode and a strip of pure metal is made as 
cathode while electrolytic solution consists of a solution 
of a suitable salt of the metal. 

<f) 2 !one refuiing: When highly pure metals are required, 
this method is applied for purification. The method is 
based on the difference in solubility of impurities in 
molten and solid state of the metal. This method is used 
in puriffcation of germanium, gallium, silicon, etc., 
which are used as semiconductors. 

(g) Van Arkel process : This method is used for obtaining 
ultrapure metals. The impure metal is converted into 
vola^e compound wHch is then decomposed 
electrically to get pure metal. Ti, Zr, Hf, Si, etc., are 
refined by this method. 

Impure + I2 Metal iodide ^—7- > Metal + I2 
metal ^ vapours | 

(h) Mond's process: Nickd is purified by this method. The 
impure nickel is treated with CO at 330-350 K, when 


volatile nickel carbonyl is formed. The carbonyl is 
subjected to 450-470 K, when it decomposes giving pure 
nickel. 

Impure + CO NiC04 Ni+ 4 CO 

nickel ^ Volatile 

I_ compound _ | 

(i) Chromatographic methods : It is based on selective 
distribution of various constituents of a mixture 
between two phases, a stationary phase and a moving 
phase. The stationary phase can be either solid or tightly 
bound liqufa on a solid support. The moving phase may 
be a liquid or a gas. Different types of chromatographic 
methods have been developed. The most common are : 

(a) Column chromatography, 

(b) Hiin layer chromatography, 

(c) Paper chromatography, 

(d) Gas chromatography, etc. 

Column chromatography is the simplest method. This 
is based on adsorption phenomenon. The extent of 
adsorption of various constituents present in the mixture 
liquid (moving phase) varies with a given adsorbent 
(stationary phase). The common a<^orbents used are 
alumina, silica gel, magnesium oxide, active animal 
charcoal, etc. 

It involves the following steps: 

(a) Preparation of adsorption column 

(b) Adsorption 

(c) Elution of components and recovery. 

This method is useful for those elements which are 
available in small amounts and the impurities are not 
much different in chemical properties from the element 
to be purified. 

11. The materials which can withstand very high temperatures 
without melting or becoming soft are known as refractory 
materials. These are used in the form of bricks for the internal 
linings of fumaces.Silica, quartz, lime, graphite, bone ash, 
etc./ are used as refractory materials.Refractory materials are 
of three types : 

(i) Acid refractories : Silica, quartz, silicious sand stones, 
etc., are the examples. 

(ii) Basic refractories : Lime, dolomite, magnesite, etc., 
are the examples. 

(iii) Natural refractories : Graphite, chromite, bone ash, 
etc., are the examples. 

Snica ( 92 % Si02/ 2 . 7 % AI2O3) and quartz can tolerate 
temperatures upto about 1750 °C, bauxite upto 
alumina upto 200 (PC and magnesite, chromite, etc., 
upto 2200 ®C. Some carbides such as silicon carbide is 
used as refractory for special purposes. 

12. India has abundant reserves of coal, mica ore, manganese 
ore, iron ore, aluminium ore, titanium ore, etc., but parti¬ 
cularly poor in non-ferrous metals. 
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PRACTICE PROBLEMS 


■ Subjective Type Questions 

1 . (a) Name one oxide ore of each of the following metals : 

(i) iron (ii) zinc (iii) aluminium 

(b) Name the metal present in : 

(i) chlorophyll (ii) haemoglobin 

2 . (a) What types of ores are roasted? 

(b) How is copper pyrite concentrated? 

(c) How is bauxite generally concentrated? 

3. (a) Name the diagram which can be used to compare the 

reducing nature of different elements. 

(b) Indicate the temperature at which carbon can be used as 
reducing agent for FeO. 

(c) Which is a better reducing agent below 983 K, Carbon 
or carbon monoxide? 

4. Name the following : 

(i) Two metals which never occur in native state. 

(ii) Two metals which always occur both in native and in 
combined states. 

(iii) Two metals which always occur naturally in an 
uncombined state. 

(iv) Two metals which are manufactured by the electrolysis 
of their fused salts. 

(v) Two metals which are used for the reduction in 
metallurgical process. 

5 . Name the metals with which the following ores/minerals 
are associated : 

(i) Cryolite (ii) Dolomite (iii) Calamine 

(iv) Haematite (v) Malachite (vi) Lepidolite 

(vii) Polyhalide (viii) Triphylite (ix) Borax (x) Chromite 

6 . What term is assigned to the following? 

(i) Naturally occurring compounds from which metals are 
extracted profitably. 

(ii) Sulphide ores are generally heated in a stieam of air. 

(iii) Metal is extracted from its ore by heating the ore with 
a suitable reducing agent. 

(iv) Metal ions get discharged on an elalrode. 

(v) The materials which can withstand very high tempera¬ 
tures without melting and softening. 

(vi) The substances used for the removal of gangue in the 
ores in the form of slags. 

(vii) The process in which aluminitim is used as a reducing 
agent for the extraction of metal from its oxide. 

7. Differentiate the following giving a suitable example : 

(i) Mineral and ore 

(ii) Calcination and roasting 

(iii) Rux and slag 

(iv) Smelting and roasting. 

8. Write short notes on : 

(i) Froth floatation process (ii) Calcination 
(iii) Roasting (iv) Smelting 

(v) HydrometaUurgy (vi) Pyrometallurgy 


(vii) Autoreduction (viii) Electrolytic refining 

(ix) Reverberatory furnace (x) Blast furnace 
(xi) Leaching (xii) Cupellation 

9. (a) Which of the following metals can be obtained by the 
electrolytic reduction of aqueous solution of their salts™ 
Al, Na, Cu and Ag? 

(b) Which of the metals Na, Ag and Fe are extracted by, 

(i) Complex formation 

(ii) Reduction with carbon and 

(iii) Electrolysis of fused salt? 

(c) Which ores are generally concentrated by froth floatation 
process? 

(d) (i) Which of the following metals k lightest and which 

one of them is least reactive? 

Cu, Ag, Al, Fe. 

(ii) Which one out of the two may be found in native 
state? 

10. Explain the following: 

(i) Zinc but not copper is used for the recovery of Ag from 
the complex [Ag(CN) 2 ]”. 

[Hint : Zinc is more powerful reducing agent in comparison 
to copper. Zinc is also cheaper than copper.] 

(ii) Partial roasting of sulphide ore is done in the metallurgy 
of copper. 

[Hint ; Partial roasting of sulphide ore forms some oxide. 
This oxide then reduces the remaining sulphide ore 
into metal. 

2CuS + 302 -^ 2CuO + 2802 

2CuO + Ct 6 —^ 3Cu + SC^ (Autoreduction) ] 

(iii) Why is chalcocite roasted and not calcined during 
recovery of copper? 

[Hint : Chalcocite is a sulphide ore. It is to be converted Into 
oxide and thus roasting and not calcination is done.] 

(iv) Aluminium metal is frequently used as a reducing agent 
for the extraction of metals such as chromium, 
manganese, etc. 

[Hint : Aluminium has great affinity for oxygen. It acts as a 
reducing agent when the metal having high melting 
point is to be extracted from its oxide. 

Cr 203 + 2A1-^ 2Cr + AI 2 O 3 ] 

(v) Magnesium oxide is used for the lining in steel making 
furnace. 

[Hint : Magnesium oxide acts as a flux to remove impurities 
of Si, P and S through slag formation, 

MgO + Si02-^ MgSi03 

3MgO + P 2 O 5 -^ Mg 3 (P 04)2 Slag] 

MgO + SO 2 —^ MgSC^ 
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11 . How the following impurities can be removed? 

(a) An impurity of lead in silver. 

(b) An impurity of cuprous oxide in copper. 

(c) Impurities of Fe, Cu, etc., in aluminium, 

12 . Describe the thermodynamic principles of metallurgy. How 
EUingham diagram is useful in predicting the feasibility of 
thermal reduction of a metal oxide. 

13 . Describe the principle of extraction of each of the following: 

(a) Cu from CuFeS2 (b) Zn from ZnO (c) Fe from Fe203 

14 . Explain the following : 

(a) Caiton reduction process is not applied for reducing 
alumina. 

(b) Aqueous solution of sodium chloride cannot be used for 
the isolation of sodium by electrolysis. 

(c) Graphite is used as anode and not diamond. 


■ Matching Type Questions 


Match the following : 



[Al (a)Al 

(i) 

Cinnabar 

(b) Cu 

(ii) 

Calamine 

(c) Mg 

(iii) 

Cryolite 

(d) Zn 

(iv) 

Malachite 

(e) Hg 

(v) 

Carnallite 

m (a)Zn 

(i) 

Self reduction 

(b) Ag 

(ii) 

Fused salt electrolysis 

(c) Fe 

(iii) 

Carbon reduction 

(d) Ca 

(iv) 

Amalgamation 

(e) Cu 

(v) 

CO reduction 

[C] (a) Calamine 

(i) 

PbS 

(b) Galena 

(ii) 

KCPMgCl2’6H20 

(c) Cassiterite 

(iii) 

A1203-2H20 

(d) Bauxite 

(iv) 

Sn02 

(e) Carnallite 

(v) 

ZnCOs 

[D 1 (a) Sulphide ore 

(i) 

Silver 

(b) Mond's proce^ 

(ii) 

Iron 

(c) Cupellation 

(iii) 

Carbonate ores 

(d) Calcination 

(iv) 

Froth floatation process 

(e) Pyrometallurgy 

(v) 

Nickel 



Answers : Subjective Type Questions 

1 . (a) (i) Haematite (ii) Zincite (iii) Bauxite 
(b) (i) Magnesium (ii) Iron 

2 . (a) sulphide ores (b) froth floatation process (c) leaching 

3. (a) EUingham diagram (b) Above 1123 K (c) Carbon monoxide 

4. (i) Sodium and potassium; (ii) Copper, silver; (ik) Au, Pt; 

(iv) Sodium, aluminium; (v) Aluminium, magnesium, iron or 
sodium. 

5. (i) Na and Al; (ii) Mg and Ca; (iii) Zn; (iv) Fe; (v) Cu; (vi) Li, Al, 
Na and K; (vii) K, Mg and Ca; (viii) Li, Na, Fe and Mn; (ix) Na; 
(x) Cr, Fe. 


6 , (i) ores, (ii) roasting, (iii) smelting, (iv) electrolytic reduction, 
(v) refractory materials, (vi) fluxes, (vii) thermite process. 

9. (a) Cu and Ag; (b) (i) Ag, (ii) Fe, (iii) Na; (c) Sulphide ores; (d) 
(i) lightest element Al, least reactive Ag, (ii) Ag. 

11 . (a) Cupellation, (b) Poling, (c) Electrolytic- 

Answers : Matching Type Questions 

(A) (a—iii); (b—iv); (c—v); (d—^ii); (e—i) 

(B) (a—iii); (b—iv); (C“V); (d—ii); (e—i) 

(C) (a—V); (b-i); (c—iv); (d^iii); (^ii) 

(D) (a—iv); (b—v); (c—i); (d—iii); (e—ii) 
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UUMimS OF OBJECTIVE QUESTIONS 


1. The main ore of lead is galena (PbS). Lead is extracted from 
galena ore either by (A) or (B). 

W) PbS PbO + SO 2 


► Pb + CO, 


PbS > PbO + PbS 


I Heated 
[ with PbS 


Pb + SO, 


Auto-reduction process is : 

(a) A (b) B (c) both (d) none 

Ans. (b) 

2. Which of the following process involves smelting? 

(a) ZnCOa^?^ ZnO + CO 2 

(b) .2PbS + 3 O 2 > 2PbO + 2 SO 2 


(C) A1203-2H20 > M203 + 2 H 2 O 


(d) FejOa + 3C — * > 2Fe + SCO 
Ans, (d) 

Consider the following statements : 

Roasting is carried out to : 

1. convert sulphide into oxide 

2. melt the ore 

3. remove moisture, water of hydration and expel organic 
matter 

4. remove sulphur and arsenic in the form of volatile 
oxides 

Out of these statements : 

(a) 1, 3 and 4 are correct (b) 1, 2 and 3 are correct 

(c) 2, 3 and 4 are correct (d) 1, 2 and 4 are correct 

Ans. (a) 

4, Match List I with List II and select the correct answer using 
the codes given ahead : 


List I List II 

A. Mond's process 1. Purification of copper 

B. Van Arkel method 2. Purification of zinc 

C. Cupellation 3. Purification of nickel 

D. Distillation 4. Purification of titanium 

Codes : 

(a) A--L B-2, C-3, T>A (b) A~2, B-3, C-4, D-1 

(c) A-3, B-4, C-1, D-2 (d) A-4/B-1, C-2, D-3 

Ans : (c) 

5. Match List I with List 11 and setet the correct answer using 
the codes given below : 

List I List II 

A. Cinnabar 1. Zinc 

B. Cassiterite 2. Aluminium 

C. Bauxite 3. Tin 

D. Calamine 4. Mercury 

Codes: 

(a) A - 4, B - 3, C - 2, D -- 1 

(b) A-LB-2,C-3,D--4 

fc) A - 2, B - 3, C - 4, D - 1 

(d) A - 3, B - 4, C - 1, D - 2 

Ans : (a) 

6. The method of zone refining of metals is based on the 
principle of : 

(a) greater mobility of the pure metal than that of impurity 

(b) greater solubility of the impurity in the molten state 
than in the solid 

(c) higher melting point of the impurity than that of the 
pure metal 

(d) all above are correct 
Ans : (b) 

7. In the equation, 4M + 8CN^ + 2 H 2 O + O 2 - > 

4[M(CN)2] + «H””, the metal M is : 
(a) copper (b) iron 

(c) gold (d) zinc 

Ans : (c) 
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OBjecTive QuesTioNS 


Set I : This set contains questions with one correct answer. 


1. The most abimdant metal m the earth cmst is : 

[J,E.E, (W,B,) 2010] 


(a) A1 □ (b) Fe □ 

(c) Ca O (d) Na □ 

2 . Which metal is generally found in native state? 

(a) Cu □(b) Au □ 

(c) A1 □ (d) Fe □ 

3. A mineral is called ore if : 

(a) the metal present in the mineral is costly □ 

(b) a metal can be extracted from it □ 

(c) a metal can be extracted profitably from it □ 

(d) a metal cannot be extracted from it □ 

4. Select the correct statement. 

(a) Dolomite is the ore of zinc □ 

(b) Galena is the ore of mercury □ 

(c) Pyrolusite is the ore of iron □ 

(d) Cassiterite is the ore of tin □ 

5. Which of the following pairs consists of minerals of the 
same metal? 

(a) Bauxite, Limonite □ (b) Haematite, Magnetite □ 

(c) Galena, Cemsite □ (d) Both (b) and (c) □ 

6 . Froth floatation process is based on : [P.E.T. (Kerala) 2(M)5] 

(a) specific gravity of the ore particles □ 

(b) magnetic properties of the ore particles □ 

(c) wetting properties of the ore particles □ 

(d) electrical properties of the ore particles □ 

7. The function of flux during the smelting of the ore is : 

(a) to make the ore porous O 

(b) to remove gangue □ 

(c) to facilitate reduction □ 

(d) to facilitate oxidation □ 


8. Name the metal M which is extracted on the basis of 
following reactions : 

4M + 8NaCN + 2 H 2 O + O 2 -> 4NaM(CN)2 + 4NaOH 


2 NaM(CN )2 +' Zn-> Na 2 Zn(CN )4 + 2M 

(a) Au or Ag □ (b) Hg □ 

(c) Ni □ (d)Fe □ 

9. Which qf the following statements is true ? 

(a) All ores are mineral □ 

(b) All minerals are ores □ 

(c) A mineral cannot be an ore □ 

(d) An ore cannot be a mineral □ 

10 . The impurities present in the mineral are called : 

[J.E.E (Orissa) 2010] 
(a) flux □ (b) gangue □ 

(c) alloy □ (d) slag □ 

11. Electrolytic reduction process is used for the extraction of : 

(a) alkali metals O (b) alkaline earth metals □ 

(c) aluminium □ (d) all of these □ 


12 . Autoreduction process is used in the extraction of : 

(a) Cu and Hg □ (b) Zn and Hg □ 

(c) CuandAl □ (d) Fe and H) □ 

13. In tiiermite process, tte reducing agent is : 

(a) C □ (b) Zn □ 

(c) Na O (d) A1 □ 

14. Complex formation method is used for the extraction of : 

(a) Zn □ (b)Ag □ 

(c) Hg □ (d) Cu ‘ □ 

15. Carbon monoxide reduction process is used for the 
extraction of : 

(a) Cu O (b) Ag □ 

(c) Fe □ (d) Sn □ 

16. Gold is extracted by hydrometallurgical process based on 

its property : [C-E.T. (Karnataka) 2005] 

(a) of being electropositive .□ 

(b) to form complexes which are water soluble □ 

(c) of being less reactive □ 

(d) to form salts which are water soluble □ 

17. Argentite is a mineral of : 

(a) Au □ (b) Pt □ 

(c) Ag □ (d) Cu □ 

18. Electrometallurgical process (electrolysis of fused salt) is 
employed to extract : 

(a) lead □ (b) silver O 

(c) sodium □ (d) none of the^ □ 


19. When ZnS and PbS minerals are present together, NaCN is 
added to separate them in froth floatation process because: 
(a) Pb(CN )2 is precipitated while there is no effect on ZnS 


□ 

(b) ZinS forms soluble complex, Na 2 Zn(CN )4 □ 

(c) PbS forms soluble complex, Na 2 Pb(CN )4 O 

(d) both (a) and (b) □ 

[Hint : ZnS + 4NaCN-> Na 2 Zn(CIS 04 + Na 2 S] 

20 . To obtain chromium from chromic oxide (Cr 203 ), the 
method used is : 

(a) carbon reduction □ 

(b) carbon monoxide reduction O 

(c) aluminothermic □ 

(d) electrolytic reduction □ 

21. Poling process is used : 

(a) for the removal of CU 2 O from Cu □ 

(b) for the removal, of AI 2 O 3 from A1 □ 

(c) for the removal of Fe 203 from Fe O 

(d) in all the above □ 

22. ACl2-hBCl2->Aa4+Bi 

(Exc^) 

BO ’^^‘*S b + 1/2 02 
(A and B are metals.) 

The ore of B is : 
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(a) cinnabar □ (b) azurite □ 

(c) galena □ (d) siderite □ 

[Hint 5 . SnCl 2 + Hga 2 -^ Sna 4 + Hg 

HgO-> Hg + 1/2 O 2 ] 

23. Essential constituent of amalgam is : 

(a) an alkali metal □ (b) silver □ 

(c) mercury □ (d) iron □ 

24. Heating of pyrites in presence of air to remove sulphur is 

called as : [A.fM.C. 20 DSJ 

(a) roasting □ (b) calcination □ 

(c) smelting P (d) fluxing □ 

25. Calamine is : 

(a) ZnS 04 □ (b) ZnO □ 

(c). ZhS □ (d) ZnCOa □ 

26. Radium is obtained from : 

(a) pitchblende □ (b) haematite □ 

(c) monazite □ (d) none of these □ 

27. From gold amalgam, gold may be recovered by : 

(a) addition of Zn metal □ 

(b) electrolytic refining □ 

(c) distillation □ 

(d) dissolving Hg in HNO 3 □ 

28. Froth floatation process is used for the : 

(a) oxide ores □ (b) sulphide ores □ 

(c) chloride ores □ (d) all of these □ 

29. Leaching is a process of : 

(a) reduction □ (b) concentration □ 

(c) refining □ (d) oxidation □ 

30. Which one of the following is not a basic flux? 

(a) CaCOa □ (b) CaO □ 

(c) Si 02 □ (d) MgO □ 

31. Ore dreeing for iron is done by : 

(a) froth floatation process □ 

(b) magnetic separation □ 

(c) hand picking □ 

(d) all of the above □ 

32. In the manufacture of iron from haematite, limestone is 
added to act as : 

(a) flux □ (b) slag □ 

(c) a reducing agent □ (d) an oxidising agent □ 

33. Camallite is a double salt of : (Whari iOtP] 

(a) NaCl, NaNOs □ (b) K 2 O, AI 2 O 3 □ 

(c) KQ, MgCl 2 □ (d) NaCl, MgCl 2 □ 


34. Which of the following reactions occur during calcination? 

(i) CaCOa-> CaO + CO 2 

(ii) 4FeS2 + IIO 2 -^ 2Fe203 + ^2 

(iii) 2A1(0H)3-> AiPs + 3 H 2 O 

(iv) Cu 2 S + 2CuO-^4Cu + S 02 

(a) (i) and (iii) □ (b) (i) and (ii) □ 

(c) (i) and (iv) □ (d) (iii) and (iv) □ 

35. The main function of roasting is : 

(a) to remove the volatile impurities □ 

(b) oxidation □ 

(c) reduction □ 

(d) to make slag □ 


36. The furnace lining in steel manufacture consists of : 

(i) CaO (ii) SiOz (iii) MgO (iv) CaCOs 

(a) (ii) and (iv) □ (b) (i) and (iii) □ 

(c) (iii) and (iv) □ (d) (ii), (iii) and (iv) □ 

37. The furnace which gives the high^t temperature is : 

(a) blast furnace O (b) reverberatory furnace □ 


(c) elaztrical furnace □ (d) muffle furnace O 

38. Which method of purification is represented by the 

following equations? (Kerala) 2004; 

JMM, (Orissa) 2010] 

523K rp.ij. 1700 K. .y.- rj-r 
Xi + 2I2 ->TjI 4->Ti 4- 2I2 

(a) Cupellation □ (b) Poling □ 

(c) Van Arkel □ (d) Zone refining □ 

39. Van Arkel method of purification of metals involves 
converting the metal to a : 

(a) volatile stable compoimd □ 

(b) volatile unstable compound □ 

(c) non-volatile stable compound .O 

(d) none of the above □ 

40. Zone refining is a method to obtain : 

(a) very high temperature □ 

(b) ultrapure A1 □ 

(c) ultrapure metals O 

(d) ultrapure oxides □ 

41. MgO can be used as refractory material because : 

(a) it is a good electrical insulator O 

(b) it has high melting point O 

(c) it is a good conductor of heat O 

(d) all of these □ 

42. Leaching can be used for the extraction of which metals ? 
(i) Pb (ii) A1 (iii) Ag (iv) Au 

(a) (ii), (iii) and (iv) □ (b) (i), (ii) and (iii) □ 

(c) (ii) and (iv) □ (d) (iii) and (iv) O 

43. Of the following metals the one which cannot be obtained 
by electrolysis of the aqueous solution of its salt is : 

(a) Ag □ (b) Mg O 

(c) Cu □ (d) A1 □ 

44. The electrolytic reduction technique is u^d in the extraction 
of : 

(a) highly electronegative elements □ 

(b) transition metals □ 

(c) metalloids O 

(d) highly electropositive elements O 

45. The acidic refractory material is 

(a) CaO □ (b) P 2 O 5 □ 

(c) SiOz □ (d) MgO O 

46. The metal extracted fi*om sea water is : 

(a) Mg □ (b) A1 D 

(c) Ca □ (d) Ba O 

47. The metallurgical process in which a metal is obtained in a 
fused state is called : 

(a) smelting □ (b) roasting O 

(c) calcination □ (d) froth floatation O 
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48. Asbestos is a silicate mineral of caldum and : 

(a) A1 □ (b) Mg □ 

(c) Ba □ (d) K □ 

49. Which method of purification is repi^ented by the 
following equation? 

70*^0 . IS0°C 


Ni + 4CO- 
(a) Van Arkel 
(c) Mond 


Ni(CO)4 > Ni + 4CO 

□ (b) Zone refining 


□ 

□ (d) Cupellation □ 

50. Which on is used as frother in froth floatation process? 

(a) Mustard oil □ (b) Coconut oil □ 

(c) Olive oil □ (d) Pine oil □ 

51. The incorrect statement is : 

(a) Calamine and siderite are carbonates □ 

(b) Argentite and cuprite are oxides O 

(c) Zinc blende and iron pyrites are sulphides □ 

(d) Malachite and azurite are ores of copper □ 

52. In the commercial electrochemical process for aluminium 
extraction, the electrolyte used is : 

(a) A 1 ( 0 H )3 in NaOH solution □ 

(b) An aqueous solution of Al 2 (S 04)3 □ 

(c) A molten mixture of AI 2 O 3 and NasAIFe □ 

(d) A molten mixture of AI 2 O 3 and AlCOHls O 

53- When an aqueous solution of sodium chloride is 

electrolysed using platinum electrodes, the ions discharged 
at the electrodes are : 

(a) sodium and hydrogen O 

(b) sodium and chloride □ 

(c) hydrogen and chloride □ 

(d) hydroxyl and chloride □ 

54. Cassiterite is an ore of : 

(a) Mn □ (b) Ni □ 

(c) Sb □ (d ) Sn □ 

55. Cryolite is : 200P] 

(a) NaaAlFg and is used in the electrolysis of alumina for 

decreasing electrical conductivity* □ 

(b) Ma 3 AlF 6 and is used in the electrolysis of alumina for 

lowering the melting point of alumina □ 

(c) Na 3 AlF 6 is used in the electrolytic purification of 

alumina □ 

(d) NagAlFfi and is used in the electrolysis of alirmina □ 

56. The process of converting hydrated alumina into anhydrous 

alumina is called : [Roorkee (S) 2000 J 

(a) roasting □ (b) smelting □ 

(c) dressing □ (d) calcination □ 

57. Match List I with List 11 and select the correct answer using 

codes given below in the lists : 1 S,C,R*A» 2001 ) 

List I List II 

1. cyanide process A. ultrapure Ge 

II. floatation process B. pine oil 

III. electrolytic reduction C. extraction of A1 

IV. zone refining D. extraction of Au 

Codes: 

(a) I~C, II-A, m-D, IV-B O 

(b) I-D, ns, ni-C, IV--A □ 


58. 


59. 


60- 


61. 


62. 


63. 


64. 


65. 


66 . 


67. 


(c) i-c, n-B, m-D, iv-A 

(d) I-D, n-A, m-C, IV-B 

Which of the following does not contain Mg? 


(a) Magnetite 
(c) Asb^te 

Ag 2 S + NaCN-> [A] 

[A] + Zn-> [B] 

[B] is a metal. Hence, [A] 


(b) Magnesite 
(d) Carnallite 


□ 

□ 

O 

□ 


(a) Na2[Zn(CN)4], Zn 
(c) Na 2 [Ag(CN) 4 ], Ag 
Which of the following metals is 
process ? 

(a) Ag 
(c) A1 

Pyrolusite is a/an : 

(a) oxide ore 
(c) carbide ore 


and [B] are : 

□ (b) Na[Ag(CN) 2 ], Ag □ 

□ (d) Na 3 [Ag(CN) 4 ], Ag □ 

leached by cyanide 

[A.LB,EE. 2002 J 

□ (b) Na □ 

□ (d)Cu □ 

[D*F.M.T. 2002 ] 

□ (b) sulphide ore * □ 

□ (d) not an ore □ 

Which one of the following ores is not concentrated by froth 
floatation proc^? [CJ.T. ITamll Nadu) 2002) 

(a) Copper pyrites □ (b) Pentlandite □ 

(c) Pyrolusite □ (d) Zinc blende □ 

The common method of extraction of metal from oxide ores 
is : [P (M.P.) 20021 

(a) reduction with carbon □ 

(b) reduction with hydrogen □ 

(c) reduction with aluminium □ 

(d) electrolytic method □ 

Sulphide ores of metals are usually concentrated by froth 
floatation process. Which one of the following sulphide ores 
offers an exception and is concentrated by chemical 
leaching? IC3SM. 2007] 

(a) Galena □ (b) Copper pyrite □ 

(c) Sphalerite □ (d) Argentite □ 

Among the metals Cr, Fe, Mn, Ti, Ba and Mg, the one that 
cannot be obtained by reduction of its metal oxide by 
aluminium is: [F.M.X (Kerala) 2007) 

(a) Cr □ , (b) Fe □ 

(c) Mn □ (d) Ba □ 

(e) Mg □ 

Native silver metal fonr^ a water soluble complex with a 
dilute aqueous solution of NaCN in the presence of: 

lhl% 20011 

(a) nitrogen □ (b) oxygen □ 

(c) carbon dioxide □ (d> argon □ 

[Hint : 4Ag + 8NaCN + 2 H 2 O + O 2 -> 4[NaAg(CN)2l 

+ 4NaOH] 

Which of the following factors is of no significance for 
roasting sulphide ores to the oxides and not subjecting the 
sulphide ores to carbon reduction directly?lA.Liil*l» 2008) 

(a) CO 2 is more volatile than CS 2 □ 

(b) Metal sulphides are thermod 3 mamically more stable 

than CS 2 n 

(c) CO 2 is thermodynamically more stable than CS 2 O 

(d) Metal sulphides are less stable than the corresponding 

oxides □ 
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[Hint : The reduction process is on the thermodynamic stability 
of the products and not on their volatility.] 

68. Composition of azurite mineral is: (J,E.E. (W.B.) 2008] 

(a) CuC 03 - CuO □ (b) Cu(HC 03 ) 2 - Cu(OH )2 □ 

(c) 2 CuC 03 - Cu(OH )2 □ (d) CuC 03 - 2Cu(OH)2 □ 

69. Which of the following metal is not manufactured by 

electrolysis? (P.M.T. (Kerala) 2008] 

(a) Na □ (b) Mg □ 

(c) A1 □ (d) Fe □ 

(d) Li □ 

70. The method not used in metallurgy to refine the impure 

metal is: IP.M.T. (Kerala) 2008] 

(a) Mond process □ (b) Van Arkel process □ 

(c) Amalgamation process □ 

(d) Liquidation □ 

71. Extraction of zinc from zinc blende is achieved by: 

[LLT. 2007] 

(a) electrolytic reduction □ 

(b) roasting followed by reduction with carbon □ 

(c) roasting followed by reduction with another metal □ 

(d) roasting followed by self reduction □ 

[Hint : 2ZnS + 302-> 2ZnO + 2SO2; 

ZnO + C Zn + CO ], 1 

72. AG° vs T plot in Ellingham diagram slopes downward for 

the reaction: IICC,EX 2006] 


(a) Mg + 2 C 2 - 
(c) C + 5 O, - 


MgO □ (b) 2Ag + 5 O 2 -> Ag20n 

:0 □ (d) CO + ^02 -> CO 2 □ 


(a) Zinc can be oxidised by CO □ 

(b) Zinc oxide can be reduced by C □ 

(c) Both statements (a) and (b) are true □ 

(d) Both statements (a) and (b) are false □ 

74. The ore that is concentrated by froth floatation process is : 

{C.E.T. (Karnataka) 2(K}9j 

(a) cinnabar’ □ (b) bauxite □ 

(c) malachite □ (d) zincite □ 

75. Hydro-metallurgical process of extraction of metals is based 

on : tJ.E.E. (Orissa) 2009] 

(a) complex formation □ (b) hydrolysis □ 

(c) dehydration □ (d) dehydrogenation □ 

76. In alumino-thermic process, aluminium is used as : 

IJXK (Orissa) 2009] 

(a) oxidismg agent □ 

(b) reducing agent i □ 

(c) dehydrating agent □ 

(d) complex formation agent □ 

77. According to Ellingham diagram, the oxidation reaction of 
carbon and carbon monoxide may be used to reduce which 
one of the following oxides at the lowest temperatures? 

IP.E.T. (Kerala) 2010] 


73. Consider the following reactions at 1000°C. 

(A) :^(s) + I 02 (g)-> ZnO(s); AG° = - 360 kj mor^ 

(B) C(s) + ~ 02 (g)-> CO(g); AG“ = - 460 kJ mol"^ 

Choose the correct statement at 1000°C. 

[IVIEE (Kerala) 2mj 

Set II : This set contains questions with two or more 

79. C:a 3 (P 04)2 is : 

(a) Thomas slag □ 

(b) used in cement manufacturing □ 

(c) used in manufacture of phosphorus fertilizer □ 

(d) used as a refractory material □ 

80. Metal(s) which does/do not form amalgam is/are : 


(n) AI 2 O 3 

□ (b) CU 2 O 

□ 

(c) MgO 

□ (d) ZnO 

□ 

The chemical reaction that involves roasting process is : 

(E,A.M.C.E.T, (Engg.) 20M1 

(a) Fe 203 + 3CO - 

2Fe + 3 CO 2 

□ 

(b) 2A1 + Fe203 — 

—> 2Fe + AI 2 O 3 

□ 

(c) 2 ZnS + 302 — 

2ZnO + 3 SO 2 

□ 

(d) FeO + Si 02 — 

-> FeSi 03 

□ 


(a) Fe 
(c) Ni 

Bauxite is purified by 
(a) Hall's process 
(c) Serpeck's process 


(b) Zn 
(d) Au 

(b) Baeyer's process 
(d) Belt's process 


82. The processes which do use catalysts are : 

(a) contact process □ (b) thermite process 

(c) Ostwald's process □ (d) Haber's process 

83. Metallurgy involves steps : 

(a) concentration of ore □ (b) reduction of ore 

(c) purification □ (d) alloy formation 


(b) reduction of ore 
(d) alloy formation 


Which of the following metals are extracted by electrolytic 
reduction ? 


correct answers. 

(a) Cu □ (b) A1 □ 

(c) Mg □ (d) Ag □ 

85. Which of the following ores is/are oxide ore(s) ? 

/ (a) Cassiterite □ (b) Bauxite □ 

(c) Cryolite □ (d) Haematite □ 

86 . Auto-reduction process is used for the extraction of : 

mMM 2007} 

(a) Cu □ (b) Hg □ 

(c) Pb □ (d) A1 □ 

; 87. Which of the following are correctly matched? 

(a) Malachite CuCOs- Cu(OH )2 □ 

(b) Chalcopyrite CuFeS 2 □ 

(c) Copper glance CU 2 S □ 

(d) Azurite CU 2 O □ 

88 . Which of the following are correct processes ? 

(a) Fe + AI 2 O 3 -> 2A1 + Fe 2(33 □ 

(b) ZnO + C-> Zn + CO □ 

(c) Cr 203 + 2A1-> 2Cr + Al 20 ^ □ 

(d) 2 [Ag(CN) 2 ]' + Zn-> 2Ag + [Zn(CN) 4 ] 2 ' □ 
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24. 

(a) 

25. 

(d) 

26. 

(a) 

27. 

(c) 

28. 

(b) 

29. 

(b) 

30. 

(0 

31. 

(b) 

32. 

(a) 

33. 

(c) 

34. 

(a) 

35. 

(b) 

36. 

(b) 

37. 

(0 

38. 

(c) 

39. 

(a) 

40. 

(c) 

41. 

id) 

42. 

(a) 

43. 

(b) , 

44. 

(d) 

45. 

(0 

46. 

(a) 

47. 

(a) 

48. 

(b) 

49, 

(c) 

50. 

(d) 

51. 

(b) 

52. 

(c) 

53. 

(c) 

54. 

(d) 

55. 

(b) 

56. 

(d) 

57. 

(b) 

58. 

(a) 

59. 

(b) 

60. 

(a) 

61. 

(a) 

62. 

(c) 

63. 

<a) 

64. 

(d) 

65. 

(e) 

66 . 

(b) 

67. 

(a) 

68 . 

(0 

69. 

(d) 

70. 

(c) 

71. 

(b) 

72. 

(0 

73. 

(b)- 

74. 

(a) 

75. 

(a) 

76. 

(b) 

77. 

(b) 

78. 

(c) 

79. 

(a, b, c) 

80. 

(a. 

81. 

(a, b, c) 

82. 

(a, c, 

d) 83. 

(a, b, c) 

84. 

(b. c) 

85. 

(a,b,d) 

86 . 

(a.b.c) 

87. 

(a>,c) 

88 . 

(b,c4) 
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Objective Questions for IIT ASPIRANTS 



1. The ore having two metal atoms is: 

(a) haematite □ (b) galena □ 

(c) magnetite □ (d) copper pyrites □ 

2. The metal for which, its property of formation of volatile 
complex is taken into account for its extraction is: 

(a) cobalt □ (b) nickel □ 

(c) vanadium □ (d) iron □ 


[Hint : Nickel forms Ni(CO)4 (volatile complex) with CO which 


decomposes to give nickel.] 

3. Zone refining is based on the principle of: 

(a) fractional distillation □ 

(b) partition coefficient □ 

(c) fractional crystallisation □ 

(d) chromatographic separation □ 


4. When an impurity in metal has greater affinity for oxygen 
and is more easily oxidised than the metal itself, then the 
metal is refined by: 

(a) cupellation □ (b) zone refining □ 

(c) poling □ (d) electrolytic process □ 

5. Among the following, the incorrect statement is: 

(a) Argentite and cuprite are oxide ores □ 


(b) Calamine and azurite are carbonates □ 

(c) Zinc blende and pyrites are sulphides d 

(d) Malachite and azurite are ores of copper Q 

[Hint : Argentite is a sulphide ore.] 

6. Chromium is obtained by reducing purified chromite ore 
with: 


(a) red hot coke 

□ (b) gaseous hydrogen 

□ 

(c) aluminium powder 

□ (d) carbon monoxide 

□ 

Which one of the following reactions is an example for 
calcination process? 

(a) 2Ag + 2HC1 + [O] = 

2AgCl + H 2 O 

□ 

(b) 2Zn + O 2 

2ZnO 

□ 

(c) 2ZnS + 3 O 2 

2ZnO + 2 SO 2 

□ 

(d) MgCOs 

MgO + CO 2 

□ 


8. The most electropositive metals are obtained from their ores 
by: 

(a) high temperature reduction with carbon IZI 

(b) electrolysis of fused ionic Salts IZI 

(c) self reduction □ 

(d) thermal decomposition □ 




1. (d) 2. (b) 3. (c) 4. (a) 5. (a) 6. (c) 7. (d) 8. (b) 



1. Match the ores of List-I with their composition in List-II: 

(c) Cupellation 

(r) Manufacture of Na 2 C 03 

List-I 

List-II 

(d) Solvay process 

(s) Purification of titanium 

(a) Malachite 

(p) Sulphide of copper 

4. Match List-I with List-II: 


(b) Azurite 

(q) Sulphide of iron 

List-I 

List-II 

(c) Chalcopyrites 

(r) Oxide of copper 

(a) Magnesite 

(p) Ore of magnesium 

(d) Cuprite 

(s) Ore containing carbonate 

(b) Dolomite 

(q) Ore of aluminium 


of copper 

(c) Corundum 

(r) Oxide ore 

2. Match the ores of List-I with their composition in List-II: 

(d) Bauxite 

(s) Carbonate ore 

List-I 

List-II 

5. Match List-I with List-II: 


(a) Iron pyrites 

(p) FeS2 

List-I 

List-II 

(b) Fool's gold 

(q) Sulphide ore 

(Metal) 

(Procedure of extraction) 

(c) Galena 

(r) Fe 203 

(a) Iron 

(p) Carbon reduction method 

(d) Haematite 

(s) Concentrated by froth 

(b) Lead 

(q) Self reduction 


floatation process 

(c) Copper 

(r) Thermite process 

3, Match the Column-I with Column-II: 

(d) Chromium 

(s) Hydrometallurgical 

CoIumn-I 

Column-II 


process 

(a) Van Arkel method 

(p) Purification of copper 



(b) Poling 

(q) Refining of silver 






















General Principte of Extraction of Metals 
6 . Match the metals of List-I with the process of refining of 


List-II: 


LisH 

List-II 

(a) Ni 

(p) Mond's process 

(b)Ti 

(q) Van Arkel method 

(c) Zr 

(r) .Distillation 

(d) Zn 

(s) Pyrometallurgical process 

Match the metals of List-I 

with the biological origin of 

List-II: 


List-I 

List-II 

(a) Chromium 

(p) Chloroplast 

(b) Iron 

(q) Haemoglobin 

(c) Zinc 

(r) Eyes of cats and cows 

(d) Calcium 

(s) Prown 


(t) Bones 
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8. Match the metals of List-I with their distribution in India 
Listdl: 

List-I List-II 

(a) Gold (p) Singhbhum 

(b) Copper (q) Kerala coast 

(c) Thorium (r) Kolar (Karnataka) 

(d) Caldujm (Gypsum) (s) Khetri 

(t) Rajasthan 

9. Match the Column-I with Coliunn-II: ILI.T. 2008] 

Column-II 

(p) roasting . 

(q) calcination 

(r) carbon reduction 

(s) self reduction 


Column-I 

(a) PbS->PbO 

(b) CaC 03 -> CaO 

(c) ZnS-> Zn 

(d) CU 2 S-> Cu 



1. 

(a-s) 

(b-s) 

(c-p, q) 

(d-r) 

2. 

(a-p, q, s) 

(b-p, q, s) 

ic-q, s) 

(d-r) 

3. 

(a-s) 

(b-p) 

(c-q) 

(d-r) 

4. 

(a-p, s) 

(b-p, s) 

(c-q, r) 

(d-^q, r) 

5. 

(a-p) 

(b-p, q) 

s) 

(d-r) 


6. 

(a-p) 

(b-q) 

(c-q) 

(d-r, s) 

7, 

(a-s) 

(b-p, q) 

(c-r) 

(d-t) 

8. 

(a-r) 

(b-p, s, t)" 

(c-q) 

(d-t) 

9. 

(a-p) 

(b-q) 

(o-p, r) 

(d-p, s) 


Assertion-Reason Type Questions 


The questions given below consist of an Assertion (A) and 
Reason (R). Use the following key to choose the correct answer: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct and (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

(e) If both (A) and (R) are incorrect. 

1. (A) All irdnerals are ores. 

(R) Ores are minerals from which metal can be extracted 
conveniently and economically. 

2. (A) Metals of high purity are obtained by zone refining. 
(R) Impurities are more soluble in the melt than in pure 

metal. 

3. (A) Au, Pt, Ag, etc., are found in free state. 


(R) The metals which are noble and chemically less reactive 
are found in free state. 

4. (A) Roasting is a process in which the ore is heated in 

presence of air. 

(R) Concentration of sulphide ore is done by calcination 
method. 

5. (A) CarnaUite is a mineral of magnesium. 

(R) Sodium is extracted by electrolysis of aqueous sodiuiii 
chloride solution, 

6. (A) Ag and Au are extracted by leaching their ores with a 

dilute solution of NaCN is presence of oxygen. 

(R) Gangue particles dissolve in NaCN solution. 

7. (A) Alumina has high conductivity. 

(R) The mixture of alumina and cryolite is used for 
electrolytic reduction in order to extract aluminium. 

8. (A) Oxide ores are concentrated by froth floatation process. 
(R) In froth floatation process, mineral oil is used. 



1. (d) 2. (b) 3. (a) 4. (c) 5. (e) 6. (c) 7. (d) 8. (e) 
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71m answer to each of the fallotoing questions is a single 2 . In the bauxite ore, Al 203 %H 20 , what is the value of xl 

digit integer, ranging from 0 to 9. 3 . Iron is.th most abundant element in the earth's crust. 

1. Au + CN” + H 2 O + O 2 -> IAu(CN) 2 ]~ + OH^ 4* In Goldschmidt aluminothermic process, thermite mixture 

How many CN~ ions are involved in the above balanced contains—parts Fe 2 Q 3 and 1 part aluminium, 

equation? 5. How many different compomds are present in camallite? 


1 


1. (8) 4Au + 8C]Sr + 2H2O + O2-> 4[Au(CN)2r + 40Hr 

2 . (2) AI 2 O 3 2 H 2 O 

3. (4) Iron is 4th most abundant element in the earth's crust. 


4. (3) 3 parts Fe203 and one part Al. 

5. (3) MgCl2 KQ 6H2O 

12 3 






ilevisian 



1 to 4) 



SINGLE CORRECT ANSWER TYPE 

L The number of elements having 3<i“electrons out of first 92 


elements in the periodic table are : 

(a) 80 □ (b) 78 □ 

(c) 76 □ (d)72 □ 

2 The element with atomic number 118(Uuo) has been dis¬ 
covered recently. Which of the following statements is not 
expected for this element? 

(a) It is a radioactive element O 

(b) is a solid at room temperature □ 

(c) It’s ionisation energy is lowest in group 18 □ 

(d) It is more reactive than xenon □ 

3. Actinides are all: 

(a) man-made elements □ 

(b) have only shortlived isotopes □ 

(c) the elements from atomic number 90 to atomic number 

103 and show variable oxidation states □ 

(d) the elements from atomic number 90 onwards and upto 

the last element with atomic number 118 □ 

4 An element has the configuration, 


to which block and group of the long form of periodic table, 
does this Wong? 

(a) <i-block, 7th group □ (b) ^f-block, 5th group □ 

(c) ^-block, 2nd group O (d) p-block, 15th group □ 

5. Which one of the following statements is wrong? 

(a) Bromine is liquid at room temperature .□ 

(b) Carbon has highest melting point amongst non-metals 

□ 

(c) Fluorine has the highest electron gain enthalpy □ 

(d) Osmium posses^s highest density □ 

d The number of elements in each period is : 

(a) twice the principal quantum number which is being filled 

□ 

(b) twice the number of atomic orbitals available in the 


energy level being filled □ 

(c) twice die number of atomic mass of the elements □ 

(d) none of the above □ 

7. The 4d-transition series contains elements having atomic 
numbers from: 

(a) 40 to 49 □ (b) 39 to 48 □ 

(c) 39to49 □ {d)39to47 □ 

8 . Which is not arranged in the correct sequence? 

(a) d^, d ^—^Increasing magnetic moments □ 


(b) MO, M 2 O 3 , MO 2 , M 2 O 5 —Increasing acidic strength □ 


(c) Mn, Cr, V, Sc—^Decreasing number of oxidation states □ 

(d) d ^—Decreasing relative stability □ 

2 — 4 - 3 - 4 - 

9 . O , F^, Na , A1 are isoelectronic ions. Their ionic sizes 


follow the order 






(a) 

0^ 

> F 

> 

Na"" 

> 

Al^'" 

□ 

(b) 


< F 

< 

Na'^ 

< 

Al^'^ ' 

□ 

(c) 


> 0^ 

> 

Na"” 

> 

F 

□ 

(d) 

Na^ 

< Al'*'" 

■< 


< 

F 

□ 


10. The first ionisation energy of B is less than that of Be 
because : 

(a) boron has greater nuclear charge than beryllium □ 

(b) In beryllium 5 -electron is removed and from .'boron 

p-electron is removed * □ 

(c) p-electron of boron is more shielded from nucleus □ 

(d) both (b) and (c) □ 

11. The values of electronegativity of atoms A and B are 1.0 and 

4.0 respectively. The percentage ionic character of A-B is : 
(a) 90 □ (b) 75.5 □ 

(c) 50.0 □ (d) 79.5 □ 

12 Bond length of HCl is 1.275A. If p is 1.03 D, then HCl is ; 
(a) 100% ionic □ (b) 40% ionic □ 

(c) 83.18% covalent □ (d) 50% covalent . D 

13. Which of following does not possess tetrahedral structure? 

(a) 80202 □ (b) SiO^ □ 

. (c) 80^ □ (d) SF 4 □ 

14. A molecule which possesses both sp and sp d hybridi-t 
sation is : 

(a) PClsCg) □ (b) Pa 5 ( 5 ) . □ 

(c) Pa^ □ (d) none of these □ 

15. The species which does not show paramagnetism? 

(a) O 2 □ (b) O 2 □ 

(c) o|- □ (d) Hj □ 

16. The bond angles of NH 3 , NHj and NH 2 are in the order: 


(a) NH2>NH3>NHJ □ (b) NaHj>NH3>NH^ □ 

(c) NH3>NH^>NH; □ (d) NH3>NHJ>NH2 □ 

17. Iso-structural pair amongst the following is : 

(a) XeF2,IF2 □ (b) NHj.BFs □ 

(c) COf',80l~ □ (d)Pa5,ICl5 □ 

18. Among KO2, AIO2, Ba02, NOj unpaired electron is present 
in: 

(a) NO2 and Ba02 □ (b) KO2 jind AlOJ ' □ 

(c) KO2 only □ (d) Ba02 only □ 

19. The correct hybridisation state of sulphur atom in SF2, SF4 
and SFg molecules is res^tiyely : 

(a) sp^d, sp^, sp^d^ □ (b) 5p^, sf?d, sp^d^ □ 

(c) sp^d'^, sp^, Sp^d □ (d) sp^d^, sp^d, sp^ □ 
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20. The correct order of lattice energies of the following ionic 


compounds is: 

(a) NaQ >MgCl 2 >CaO >Al 203 □ 

(b) Naa >CaO >MgCl 2 >Al 203 . □ 

(c) AI 2 O 3 >MgCl 2 >CaO >Naa □ 

(d) AI 2 O 3 > CaO > MgClj > NaCl □ 

21. Which of the following can act both as a Bronsted acid and 
a Bronsted base? 

(a) NH 4 □ (b) CC^‘ □ 

(c) H 2 SO 4 □ (d) HS“ □ 

22. Among AI 2 O 3 , Si 02 , P 2 O 3 and SO 2 , the correct order of acid 
strength is : 

(a) AI 2 O 3 < Si 02 < ^ 2^3 ^ 

(b) Si02 <S02 <Al 203 <P203 □ 

(c) AI 2 O 3 < Si 02 < SO 2 < P 2 O 3 □ 

(d) S02 <P203 <Si02 <Al203 □ 

23. The strongest Bronsted base in the following anions is : 

(a) ao" n (b) ac^ □ 

(c) ac^ □ (d) ao^ □ 

24. The strength of the acid depends on the : 

(a) number of hydrogen atoms present in the molecule □ 

(b) density □ 

(c) oxygen content O 


(d) concentration of hydrogen ions furnished by ionisation 

□ 

25. The reverse process of neutralisation is : 

(a) decomposition □ (b) hydrolysis □ 

(c) dehydration □ (d) synthesis □ 

26. The conjugate base of [A1(H20)3(0H)3] is : 

(a) [A 1 (H 20 ) 3 ( 0 H) 2 ]^ □ (b) [Al(H20)3(0H)20r □ 

(c) [Al(H20)2(0H)4r □ id) [Al(H20)3(0H)4r □ 

27. Which of the following processes involves roasting? 


(Q Thamite process 

(3) Extraction and 



purification ofNi 


(D) Mond’s process 

(a) A = 2,B = 1,C = 4,D = 3 

(4) Extraction of Cr 

D 

(b) A = 1,B = 2,C = 3,D = 4 


□ 

(c) A = 4,B = 3,C = 2,D=1 


□ 

(d) A = 3,B = 4,C=1,D = 2 


□ 

The metal obtained by self reduction process is : 


(a) Cu n 

(b)Hg 

□ 

(c) Pb □ 

(d) All of these 

□ 


ONE OR MORE THAN ONE CORRECT 
ANSWERS TYPE 

31. The electronegativity of an element: 

(a) is its tendency to attract the shared electrons in a molecule 


towards itself □ 

(b) is always constant D 

(c) depends on the valency of the element O 

(d) depends on the percentage of 5-character in the 

hybridised state of the atom O 

32. In which of the following arrangements^ the order is correct 
for the property indicated against it? 

(a) Increasing size, < Mg^”*" < Na'*’ < F" ' O 

(b) Increasing IE, B<C<N<0 O 

(c) Increasing EA, I < Br < F < Cl O 

(d) Increasing metallic radius Li < Na < K < Rb □ 

33. Which of the following species have same shape and same 
bond order? 

(i)G02 (u)Ni (iii)03 (iv)N02" 

(a) (i) and (ii) □ (b) (iii) and (iv) □ 

(c) (i) and (iii) □ (d) (ii) and (iv) □ 

34. Diamagnetic species are : 


(a) ZnC 03 - > ZnO + CO 2 □ 

(b) Fe 203 + 3C-> 2Fe + 3CO □ 

(c) 2PbS + 3 O 2 —^ 2PbO + 2 SO 2 □ 

(d) A 1203 - 2 H 20 -> AI 2 O 3 + 2 H 2 O □ 

28. Match List-I (ores) with List-II (metals) and select the correct 

answer using the codes given below : 

Li$t4 list-n 

(A) Bauxite (1) Ai 

(B) Haematite (2) Pb 

(Q Galena . (3) Cu 

(D) Chalcopyrite (4) Fe 


(a) A=1,B = 4,C = 3,D = 2 □ 

(b) A=1,B = 4,C = 2,D = 3 □ 

(c) A = 4,B = 1,C^2,D = 3 □ 

(d) A = 4,B=1,C = 3,D = 2 □ 

29. Match List-I with List-II and select the correct answer using 

the codes given below : 

List-I Ost-H 


(A) Poling (1) Refining of Ag 

(B) CupeOation (2) Refining of Cu 


(a)N 2 □ (b)N|- □ 

(c) O 2 □ (d) of . □ 

35. Mark the correct statements out of the following : 

(a) Helium has the highest first ionisation enthalpy □ 

(b) Chlorine has the highest electron gain enthalpy □ 

(c) Fluorine has the highest electronegativity O 

(d) Hg and Br are liquids at room temperature □ 

36. Which of the following have sp -hybridisation? 

(a) NF 3 O (b) NOa” □ 

(c) BF 3 □ (d)H 30 ^ O 

37. In the roasting process, the ore is heated : 

(a) below its melting point □ 

(b) for removing moisture and volatile matter □ 

(c) in the presence of flux in order to remove gangue □ 

(d) none of the above □ 

38. Thermite is a mixture of: 

(a) oxides of Cr and Mn □ 

(b) oxides of Cr and Al □ 

(c) Al powder and oxide of Cr . □ 

(d) Al powder and oxide of Mn □ 
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39. Lewis acids are : 

(a) BF 3 □ (b) BaQj □ 

(c) AlQj □ (d) SnCL □ 

40. In the reaction, 

HC 2 O 4 + PO^ HP0|“ + 

the Bronsted bases are : 

(a) HCaO^ □ (b) PO|“ O 

(c) HPO 4 ” O (d) C 20 |“ □ 

ASSERTION-REASON TYPE QUESTIONS 

The following questions consist of an Assertion (A) and 
Reason (R), Use the following key to choose the appropriate 
^swer. 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct hut (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is not correct. 

(d) If (A) is incorrect but (R) is correct. 

41. (A) BeCl 2 is covalent whereas BaCla is ionic. 

(R) Smaller is size of the cation, greater is the polarising 
power. 

42. (A) Mn^^ is diamagnetic. 

(R) All the orbitals except d-orbitals are doubly occupied. 

43. (A) All F-S-F angles in SF 4 are greate than 90° but less than 

180 “. 

(R) The lone pair-bond pair repulsion is weaker than bond 
pair-bond pair repulsion, 

44. (A) Basic nature of the following anions follows the order, 

aoi < sof <a~ < Noj 

(R) Stronger acid Im its conjugate base weaker. 

45. (A) CaO, which is a cheap and high melting compound, is 

used in the lining of the furnace. 

(R) CaO is used as a flux for the removal of acidic impurities 
like silica in the ore. 

46. (A) Auto reduction of ores is used for cinnabar, copper glance 

and galena ores. 

(R) The sulphide ores of Hg, Cu and Pb react with their 
corresponding oxides to give respective metals. 

47. (A) Electron gain enthalpies ofhalogens are maximum in their 

respective periods. 

(R) Fluorine has maximum value of electron gain enthalpy. 

48. (A) Bond order can assume any value including zero. 

(R) Lower the bond order, larger is the bond length and 
smaller is the bond energy. 

49. (A) In a change from PCI 3 to PCi 5 , the hybrid state of P 

remains the same, • 

(R) The shape of PCI 3 is pyramidal while that of PCI 5 is 
trigonal bipyramidal. 


50. (A) o-nitrophenol has lower boiling point than p-nitrophenoL 
(R) o-nitrophenol has lower boiling point due to presence of 
intramol^ular H-bonding while p-nitrophenol has inter- 
molecular H-bonding. 


MATRIX MATCHING QUESTIOWS 

51. Match Column-I with Coluran-II: 

Cohimn-I CkAami-II 

(a) 4/4p^ (p) Metal 

(b) (q) Non-rmtai 

(c) 4f^5d^6^ (r) Noble gas 

(d) 4d^^5s^5p^ (s) Lanthanide 

52. Match Column-I with Column-H: 

Cohimn-I Cotumn-II 

(a) NH 3 (p) sp^ hybridisation 

(b) XeF^ (q) One lone pair is present 

(c) B 2 H 6 (r) multicentre bonds me present 

(d) NH 4 (s) pyramidal shape 

53. Match Column-I with Column-H: 

Cotunm-I Cohmui-ll 

(a) Cyanide process (p) Extraction of Ag 

(b) Electrolytic reduction (q) Extraction of Au 

(c) Carbon reduction (r) Extraction of A1 

(d) Self reduction (s) Extraction of Pb 

(t) Extraction of Hg 

54. Mateh Column-I witii Column-H: 

Coluiiiii-1 Cohnnn-Il 

(a) O 2 (p) Diamagnetic 

(b) N 2 (q) Paramagnetic 

(c) C 2 (r) Double bond 

(d) B 2 ” (s) Triple bond 

55. Match Coliram-I with Column-H: 

Cotonnhl CMumn-II 

(a) H 3 PO 2 (p) Dibasic 

(b) HI (q) Monobasic 

(c) H 2 SO 4 (r) Reducing agent 

(d) H 2 SO 3 (s) Oxidising agent 

INTEGER ANSWER TYPE 


56. The total number of ri-block series in the periodic table are : 

57. How many noble gases are known? 

58. How many elements are piesent in third period of periodic 
table? 

59. What is the electronegativity of most electronegative element 
on Pauling scale? 

60. The number of total lone pairs in ICI 2 is : 

61. The bond order of CO is : 

62. How many ionisation energies can carbon have? 
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Cl 


63. Lewis stracture of the molecule, COCU is 0=C 




Cl 


What is the formal charge on carbon? 

64. An element has electronic cotifiguration, is , 2s Ip , 
3s^3p^3(f, 45^. To which group of the extended form of 
periodic table does it belong? 

65. In Goldschmidt-Alurninothermic process, theraiite mixture 

contains.parts Fe 203 and one part Al. 


LINKED COMPREHENSION TYPE 
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Analyse die table and answer the following qu^tions : 

66. 'C represents an element named : 

(a) Ytrtum (b) Cmum 

(c) Lanthanum (d) Actinium 

67. Which of the following elements is not found in nature but 
has been obtained by artificial means? 

(a)C (b)D 

(c)G {d)J 

68. * The element which is known in gaseous state at room 

temperature is : 

(a) H (b) F 

(c) G (d) / 

Passage 2 • 

The amount of positive charge felt by the valence electrons of 
an atom is the effective nuclear charge. This is less than the actual 
nuclear charge because core electrons partially shield the valence 
electrons from the full positive charge of the nucleus. Shielding 
effect is calculated by applying Slater’s rules. Atomic radii depend 
on the value of n of the valence shell orbitals and the effective 
nuclear charge experience by the valence electrons. Atomic radii 
decrease from left to right in a period and from bottom to top in a 
group in the periodic table. 

Answer the following questions : 

69. The atomic size of gallium is smalle r than aluminium because: 
(a) due to poor shiekhng effect of electrons in rf-orbitals, 

effective nuclear charge increases in Ga 


(b) more shielding effect of ^l~electrons 

(c) poor shielding effect of/-orbitals in Ga 

(d) high shielding effect of 3^, 3p and S^Z-electrons 

70. The effective nuclear charge for 4s electron of Ca atom will 
be : 

(a) 17.15 (b) 20.0 

(c) 2.85 (d) 2.2 

71. The maximum atomic radius amongst the following is for: 

(a) Na (b) Mg 

(c) Al (d) Si 

Passage 3 

Binary acids contain only hydrogen and another non-metal. 
Their strengths increase from top to bottom within a group and 
from left to right across a period. Oxoacids, which contain oxygen 
atoms in addition to hydrogen and another element, increase in 
strength as the numter of oxygen atoms on the same central atom 
increases. Delocalisation of negative charge enhances the stability ^ 
of the oxoacid anions, making them weaker bases and as a result, 
their conjugate acids are correspondingly stronger. Oxoacids 
having the same number of oxygen atoms generally increase in 
strength as the central atom moves from left to right. 

Answer the following questions : 

72. The strongest acid of the following is : 

(a) H 4 Si 04 (b) H 2 SO 4 

(c) Ha04 (d) H 3 PO 4 

73. Which is the weakest base among the following? 

(a) Cr (b) Br" 

(c) F“ (d) r 

74. Consider the following compounds : 

HO—A HO —F HO —C 

I n m 

The electronegativities of A, B and C are in the order 
C> B> A, The correct oider of acid strength of the above 
compounds is : 

(a)i<n>m (b)ni>u>i 

(c)m<n<i (d)n<ni<i 

Passage 4 

According to valence bond theory, a covalent bond is formed 
between two atoms when an atomic oibital of one atom overlaps 
with an atomic orbital of the other and a pair of electrons with 
opposite spins is shared between the overlapping orbitals. In 
general, the better the overlap of the orbitals, the stronger the 
bond. 

Hybrid orbitals are formed by mixing pure s, p and d orbitals. 
Hybrid orbitals overlap better with other orbitals than the pure 
atomic orbitals from which they are formed, so the bonds foiTned 
by hybrid orbitals are stronger than those formed by ordinary 
atomic orbitals. Two types of bonds sigma and 7C-bonds are formed 
by overlapping. Sigma bonds are always stronger than 7C-bonds. 
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Answer the following questions : 

75. The orbitals of same energy level providing the most efficient 
overlapping are : 

(a) sp -sp (b) sp^-sp^ 

(c) ^p-sp (d) all of these 

76. Strongest bond is formed by the head on overlapping of : 

(a) 2s and 2s orbitals (b) 2p and 2p orbitals 

(c) 25 and 2p orbitals (d) all of these * 


77. A Tt-bond is formed by overlap of : 

(a) 5-5 orbitals 

(b) s-p orbitals 

(c) p-p orbitals in sidewise manner 

(d) p-p orbitals in end to end fashion 




(d) Filling of 3^i-orbital starts from the element with atomic number 

21 . 

(b) - 

(c) Th^ are 5/-elements from at. no. 90 to at. no. 103. Some of 
the members are found in nature and few of the isotopes are 
long-lived. 

(a) The last electron enters ^-orbital, thus the element belongs to 
d-block and the group (3d^ 45 ^) = 5 + 2 = 7 

(c) Chlorine and not fluorine has die highest electron gain enthalpy, 

(b) 

(b) 

(a) Magnetic moment depends on the number of singly occupied 
orbitals. 

(a) Ionic size decreases in isoelectronk ions when jje ratio increases. 

(d) It is easier to remove an electron from p-orbilal as it is far from 
nucleus than 5 -orbitai. It is also easier to remove electron from 
a singly occupied orbital than a paired orbital. 

(d) % ionic character = 16(4.0 - 1.0) + 3.5(4.0 -LO)^ 

= 48 + 31.5 = 79.5 

_ 1.03x10^'® _ 1.03 


“ 1.275x10""® 1 - 2 '5 


% ionic character = ———— 
4.803x10 

i.e., 83.18% covalent. 


.1.03x10- 


= 16.82 


(d) S in SF 4 undergoes sp d hybridisation. It has a see-saw slppe. 

(b) 1 x 315 ( 5 ) is an ionic species, i.e., 

[PCUf [PCle]”. In [PCU]"'. P undergoes hybridisation while 
in [PClft]”, P is in hybridised state. 

(c) ol" has configuration 

X'ira(2s)^o(2i^)CT{2p,)V2p;t)V2py)^it(2fo)^7k2p/ 

2 — 

All the molecular orbitals are doubly occupied hence O 2 ion 
is diamagnetic. 

(b) N in aU the three species is in s^ hybridised state but in NH 4 
no lone pair is present on it but in NH 3 , one lone pair and in 
NH 2 , two lone pairs of electrons are present. Thus, bond angle 
subsequently decreases. 

(a) XeF 2 —^Linear; IFJ —Linear 

NH 3 —Pyramidal; BF 3 —^Triangular planar 

CO 3 "—^Triangular planar; SO 3 ”—Pyramidal 

PCI 5 —^Trigonal bipyramidal; ICI5—Square pyramidal 

(c) KO 2 has K'^Oa structure. O 2 possesses one unpaired electron. 

(b) SF2—SF4—spV, SFfi—ip^d^ 


(d) HS”-HS^+H"^- 


(a) The weakest acid furnishes strongest base anion. 

(d) 

(b) 

(c) [A 1 (H 20 ) 3 ( 0 H) 3 ]-> [Al(H 2 O) 2 ( 0 H) 4 r + 

(c) 

(b) 

(a) 

(d) 

(a, c, d) 

(a, c, d) 

(a, b) CO 2 and N 3 are linear with bond order 2 in each case, O 3 
and NO 2 are V-shaped with bond order 1.5 in each case. 

(a, d) 

(a, b, c, d) 

{a,d) 

(a, b) 

(c,d) 

(a, c, d) 

(b. d) 

(a) 

(d) is paramagnetic as its configuration is 1 j^, 2sh.p^, 

3sbp^3d^ Le., |t|t|t|t|T 
3d 

(c) The lone pair-bond pair repulsions are greater than the bond 
pair-bond pair repulsion,the bond angle F-^-F decreases from 
18(f. 

(a) 

(b) Both the assertion and reason are corr^t. CaO is used for lining 
of the furnace as its lattice energy is high. 

(a) 

(c) Assertion is correct but reason is wrong as chlorine has 
maximum electron gain enthalpy. 

(b) 

(d) In change from PCI 3 to PCI 5 the hybridisation from sp^ to sp^d 


(a-q, r); (b-p); (c-p, s); (d-q) 
(a-p, q, s); (b-q); (c-p, r); (d-p) 
(a-p, q); (b-r); (c-s); (d-s, t) 
(a-q, r); (b-p, s); (c-p, r); (d-q) 
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55, (a-q, r); r); (c-p» s); (d-p, r, s) 

56* (4) 3dr, 4d~, 5d- and 6£3?-series. 

57. (7) He. Ne. Ar. Kr, Xe, Rn and Uuo, 

58. (8) Na. Mg. Al, Si, P, S, Cl. Ar, 

59. (4) Fluorine is the most electronegative element. 

60. (3) Total number of electrons in iodide ion = 8 

Number of bond pairs = 2 

Number of lone pau^ = = 3 . 

61. (3) CO has 14 electrons (6 + 8 = 14) 

M.O. configuration : 

a(k)^0(lsV(2^)^S(2s)V2p/TC(2p/0(2/?/ 
Bond order = = I = 3. 

62. (6) 

63. (0) Formal charge on carbon = 4 - 0 + 1/2 x 8 = 0 

64. (7) 

65. (3) ■ t 
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66. ‘C represents actinium with which 14 actinides are accommodated. 

67. ‘D’ represents technetium which is not found in nature and has 
been obtained by artificial means. 

68. (a) 'H' represents chlorine which is known in gaseous state at room 

temperature. - 

69. (a) Lesser the sMelding effect more will be the force of attraction 

between v^ence electron and nucleus, smaller will be the atomic 
size. 

70. (c) Z* = Z- 0 = (20 - 1 X 0.35 -f 8 x 0.85 -f 1 xlO) 

= (20-17.15) =r 2.85 

71. (a) Shielding effect is minimum in Na amongst the^ element of 

the same period, hem^e it h^ maximum atomic radius. 

72. (c) 

73. (d) ; 

74. (b) Higher electronegativity will favour more acidic strength. 

75. (c) 

76. (b) . 

77. (c) 
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■ Introduction 

Hydrogen is the lightest element. It is most abundant element in the universe, 
comprising nearly 90% of all atoms and is the third most abundant element after 
oxygen and silicon on the surface of the earth. Most planets (stars), including 
our source of energy the sun, consist primarily of hydrogen. The hydrogen in 
the sun is the fuel for the fusion reactions that produce the life-sustaining 
energy which reaches our planet, i.e., on the earth. The most important source 
of hydrogen on earth is water. The majority of hydrogen is found in oceans 
combined with oxygen as water. 

Hydrogen atoms are the simplest of the all atoms. It is the first member of 
the periodic table as its atomic number is one. It has the simplest atomic 
structure among all the known elements. In atomic form, it consists of only one 
proton and a single planetary electron. Hydrogen, therefore, has the simplest 
electronic configuration, The atomic form of the hydrogen exists only at 
very high temperatures. Normally, the elemental hydrogen is a diatomic molecule, 
H 2 (commonly known as dihydrogen), the product of an exothermic reaction 
between H-atoms: 

H(g) + H(g)-> H 2 (g); =-436.4 kJ mori 

The combustion of hydrogen produces more heat per gram than any other 
fuel. As compared to hydrocarbons, it is a "Qean fiiel” because the product, 
water is environmentally tenign. Higher consumption and least supply of 
hydrocarbons indicate that hydrogen gas may become the favourite fuel of the 
twenty-first century. 

The reaction of hydrogen with oxygen to fonn water is an example of a 
reaction that requires the input of energy to get started, however, once it does, 
the leaction is rapid and exothermic. Because it is such an exothermic and the 
product is a gas, it is an ideal rocket fuel. 

Hydrogen forms more compounds than any other element. The^ include the 
organic compounds, biologically important compounds md acids and bases. 
Hydrogen is of great industrial importance and it is said that global energy crisis 
can be overcome to a great extent by the use of hydrogen as a source of energy. 


Note : Unipositive hydrogen ion (H"^) Le., proton has a very small size (~ 1.5 x 10 ^ pm) compared to normal atomic and ionic siz^ of 50 to 220 
pm. It does not exist freely and is always associated with other atoms or molecules. 
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POSITION OF HYDROGEN 
IN PERIODIC TABLE 


There are only two elements in the first period of the periodic 
table, hydrogen and helium. Hydrogen is quite reactive but 
helium is inert. There is no difficulty in relating the structure 
and properties of helium with other noble gases in group 0 (or 
18th), but properties of hydrogen are such that it cannot be 
correlated with elements of any of the main groups of the 
periodic table. 

The configuration of hydrogen (Is*) is responsible for its 
dual nature, i.e., either the electron can be lost behaving as 
electropositive element like alkali metals or the electron can be 
gained as to complete Is subshell behaving as electronegative 
element like halogens. The position of hydrogen is not fixed in 
the periodic table, sometimes it is placed with alkali metals in 
lA group and sometimes with halogens in VIIA (or 17th) group 
as it resembles with alkali metals as well as with halogens. 
However, hydrogen exhibits other properties which differ from 
both alkali metals and halogens. 


m Similarities with alkali metals 

On account of the following similarities of hydrogen with 
alkali metals, hydrogen is placed on the top of lA group, 

(i) Electronic configuration : Like the alkali metals, 
hydrogen has only one electron in the outer shell. 

Element H Li Na K Rb Cs 

1 ; 2 , 1 ; 2 , 8 , 1 ; 2 , 8 , 8 , 1 ; 2 , 8 , 18 , 8 , 1 ; 2 , 8 , 18 , 18 , 8 , 1 

Electronic 2s^; 3^^ 4^^ 5^*; 6s^ 

configuration'-^---T' 

(ii) El«:!tropositive character : Like the alkali metals 
hydrogen has a tendency to lose its only one electron to form 
unipositive ion. 

H »H^ 

Li > Li^. 

Na > Na~" 

. Halides of both hydrogen and the alkali metals yield positive 
ions in aqueous solutions. 

Hci + cr 

NaCl ^ Na"" + CL 

During electrolysis, these ions are discharged at cathode. 

This shows that hydrogen and alkali metals both have 
electropositive character. 

(ui) Valency : Because of the formation of unipositive 
cation both hydrogen and aUcah metals show electrovalency +1. 

(iv) Oxidation state : Hydrogen, like alkali metals when 
combines with electronegative elements shows +1 oxidation 
state. .#/' 

(v) Affinity for non-metals : Hydrogen as well as alkali 
metals have a strong affinity for nonmetals. For example, both 


hydrogen and alkali metals combine with halogens to form 
halides, with oxygen to give oxides and with sulphur to give 
sulphides. 

HQ; NaCl; KCl 
H 2 O; NaaO; K 2 O 
H 2 S; NajS; K 2 S 

(vi) Reducing nature : Hydrogen, like alkali metals, acts 
as a reducing agent. Oxides of less reactive metals are reduced 
by hydrogen. 

CuO + H 2 -> Cu + H 2 O; CuO + 2Na —^ Cu + Na 20 . 

1 Differences with Alkali Metals 

(i) Ionisation energy : The ionisation energy of hydrogen 
is very high in comparison to alkali metals. 

Element . Hydrogen Lithium Sodium Potassium 
IE (kJ rnor') 1312 520 ' 495 418 

(ii) Nonmetallic character; Hydrogen is a nonmetal while- 
alkali metals are metals, 

(iii) Atomicity: Hydrogen is diatomic in nature (H 2 ) while 
alkali metals are monoatomic. 

(iv) Nature of oxide : The oxide of hydrogen is neutral 
while oxides of alkali metals are basic in nature. 

(v) Nature of compounds : The compounds of hydrogen 
with halogens (HE, HCI, HBr, HI) are low boiling covalent 
compounds while halides of alkali metals are high melting ionic 
solids. LiF, NaCl, KBr, etc., are ionic solids. 

Ii Similarities with Halogens 

On account of the following similarities and to avoid a long 
gap in the first period before the second member of the period 
(helium),'it is placed in VIIA (or 17th) group above fluorine. 

(i) -Nonmetallic character : Hydrogen is a nonmetal like 
halogens. 

(ii) Electronic configuration : Hydrogen resembles the 
halogens in having one electron Iras than the next inert gas in 
its atom. 





Inert gas 

1 

H 

1 

2 He 2 

9 

F 

2,7 

10 Ne 2, 8 

17 

Cl 

2, 8 , 7 

18 Ar 2, 8 , 8 

35 

Br 

2, 8 , 18, 7 

36 Kr 2, 8 . 18, 8 


(iii) Diatomic nature : Hydrogen forms a diatomic 
molecule in the elementary state similar to the halogens in 
which two atoms are linked together by single covalent bond 

(1^2’ ^2’ d2> B>'2)- 

(iv) Electronegative nature : Hydrogen can gain an 
electron and fonm a negative ion like the halogens. 

H + e-^ H ; Cl + ^-> Cl 

In the electrolysis of fused metal hydrides, hydrogen is 
discharged on the anode like the halogens in the electrolysis of 
the fused metal halides. 



Hydrogen and its Compounds 


NaH Na* + H” (Anode lET -> H 2 + 2e) 

NaCl Na^ + CF (Anode 2Cr-> CI 2 + 2e) 

(v) Ionisation potential; The ionisation potential of 
hydrogen is 13.5 eV. The value is nearer to the halogens. 

Element H F Cl Br I 

I.P.(eV) 13.5 17.4 13.0 11.82 10.43 

[Alkali metals have low values of ionisation potentials] 

(vi) Similar cov^ent compounds and mutual replace¬ 
ment : Hydrogen forms several covalent compounds similar 
to those of halogens. For example; 

CH 4 SiH 4 GeH 4 

CCI 4 SiCl 4 GeCU 

Hydrogen and halogens are mutually replaceable in many 
covalent compounds of hydrogen and halogens. 

a Cl Cl Cl 

CH 4 ^ CHaQ ^ CH 2 Cl 2 ^ CHCI 3 ^ CCI 4 
H H H H 

(vii) Oxidation state w number : Hydrogen, like halogens 
show -1 oxidation state in similar compounds. 

Compounds NaH NaCl NaBr Nal 

O.N 0 . -1 -1 -1 -1 

(viii) Valency : Hydrogen, like halogens shows electro¬ 
valency as well as covalency. Hydrogen forms electrovalent 
compounds with strongly electropositive elements like alkali 
and alkaline earth metals. 

NaH _ CaH 2 NaCl CaCli 

Electrovalent compounds 

Hydrogen forms covalent compounds with nonmetals. 

CH 4 NH 3 PH 3 1^1 

Ca 4 Na 3 PCI 3 I compounds 

^ Differences with Halogens 

(i) Less electronegative^: Hydrogen is less electronegative 
than halogens as it has less tendency to form H“ ion. Halogens 
readily accept electron and form halide ions (X~). 

(ii) Nature rf oxides : The oxides of halogens are acidic 
in nature while oxide of hydrogen is neutral. 

CI 2 O 7 H 2 O 

Acidic Neutral 

(iii) Absence of unshared pairs of electrons : The 

hydrogen mol^ule does not have any unshared pair of electrons 
while in the molecules of halogens unsharol pairs of electrons 
are present. 

h:h :ci:ci: 

mm mm 

No doubt, hydrogen resembles alkali metals and halogens 
both but it is not so electropositive as alkali metals due to high 
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value of ionkation potential, similarly it is not so electro¬ 
negative as halogens due to low value of electron affinity. 
Both the characters are equally developed in hydrogen as evident 
from the nature of its oxide which is neutral. 

H2O—^neutral 

Na20^—^basic (because sodium is highly electropositive) 
CI2O7—acidic (because chlorine is highly electronegative) 
It is, therefore, suggested that hydrogen be alloted a separate 
position and not grouped with either alkali metals or halogens. 
Thomson assigned a separate independent position to hydrogen 
on the top of periodic table as shown below: 



^ ^ 

— 

“■H -- 




He 

1 

Li 

] 

Be 

1 

B 

C 

1 

N 

1 

0 

1 

F 

1 

1 

Ne 

1 

Na 

Mg 

A1 

1 

Si 

1 

P 

1 

s 

1 

Cl 

Ar 


This does not disturb the symmetry of the periodic table and 
there is no violation of periodic law. 

In some respects, hydrogen also resembles carbon of the 
group IV, since both have a half filled shell of electrons. 

H 1 (half of first shell maximum capacity of 2 electrons) 

C 2,4 (half of second shell maximum capacity of 8 electrons). 

There are a number of similarities tetween hydrogen and 
organometallic compounds since the groups CH3— and H— 
both have one remaining valency. Thus, the hydride is often 
considered as part of a series of organometallic compounds, 
for example, LiH, LiMe, LiEt; NH3, NMe3, NEt3 or SiH4, 
CH3SiH3, (CH3)2SiH2, (CH3)3SiH, (CH3)4Si. Thus, hydrogen 
position is not fixed and hydrogen is best treated as a group on 
its own. Hydrogen is sometimes referred as a ^roque eIeInellt^ 

5^ DISCOVERY AND OCCURRENCE 

Hydrogen was prepared by Henry Cavendish in 1766 by the 
action of acids on metals. It was named inflammable air’. 
Lavoisier named it hydrogen (hydra = water, gemas = maker) 
meaning water maker. 

Hydrogen is the most abundant element in the universe. It 
occurs in nature in the free state as well as in combined state. In 
free state, it is present in minute quantity in air, volcanic g^es 
and natural gas. Sun’s atmosphere contains 90 % of hydrogen. If 
is found most commonly in combination with oxygen as water. 
Hydrogen occurs in variety of compounds such as it occurs in 
mineral oils and is present in almost all the organic materials such 
as hydrocarbons, carbohydrates, fats, proteins, etc. Hydrogen 
is, thus, an essential constituent of all living things along with 
carbon, nitrogen and oxygen. Hydrogen is also an essential 
constituent of all acids and alkalies. 


5 ^ PREPARATION 


There are three main sources from which hydrogen may be 
prepared. These are; 

(i) Water (ii) Acids and (iii) Alkalies. 
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(i) Hydrogen from W^r 

(a) Cold water reacts with alkali and alkaline earth metals 
to evolve hydrogen. The reactions are vigorous. To minimise 
the rate of reaction, alkali metals are used in the form of 
amalgams. 

2Na(Hg) + 2 H 2 O = 2NaOH + H 2 t 

Sodium amalgam 

In the amalgam, only a small surface of the metal is exposed 
and therefore, the reaction is slow. 

(b) Hot water or steam, when passed over hot metals like 
Zn, Fe, Mn, Co, Cr, Sn, etc., is decomposed to liberate hydrogen. 

Zn + H 2 O-> ZnO + H 2 t 

3Fe + 4 H 2 O-^ Fe 304 + 4H2t 

Red hot Steam 

When steam is passed over white hot coke, hydrogen is 
produced in the form of water gas. 

C + H2O-> CO+H2 

Hot coke Steam ^' 

Water gas 

(c) By action of water on ionic hydrides : Ionic hydrides 
on hydrolysis with water evolve hydrogen. The hydride ion is 
oxidised to hydrogen. These reactions may be regarded as 
acid-base reactions. 

NaH + H 2 O-> NaOH + H 2 

LiH + H 2 O-> LiOH + H 2 

CaH2 + 2H2O-> Ca(OH)2 + 2H2 

(Hydrolith) 

[H" + H 2 O-> H 2 + OHl 

Sodium borohydride also reacts with water to evolve 
hydrogen. 

NaBH4 + 2 H 2 O-^ NaB02 + 4H2 

(d) By tile reactkn of methane and steam: Both react 
at high temperature in presence of suitable catalyst to form 
hydrogen along with carbon monoxide. 

CH 4 + H 2 O->C0 + 3 H 2 

(e) By electrolysis of water ; Water is a bad conductor 
of electricity. Water is made a conductor either by addition of 
an acid or an alkali. The water containing a small amount of 
an acid or alkali (about 15-20%) is electrolysed in an electrolytic 
cell. The anode and cathode are separated by asbestos 
diaphragm. The cathode used is usually of iron and anode 
usually of nickel. The process is used at places where electric 
supply is cheap and easily available. 

Water containing sulphuric acid : Ions present are 
OH” and SO 4 ”. On passing electricity H'*' ions move towards 
cathode while OHT and SO 4 ” ions move towards anode. 

At cathode, hydrogen ions are discharged to give hydrogen 
gas. 

2H:" + 2e->2H->H 2 

At anode, OH” ions are discharged to give oxygen gas. 

OH”->OH + e 

40H-> 2 H 2 O + O 2 


2 — 

[SO 4 ions are not discharged on anode as their discharge 
potential is higher than that of OH” ions] 

Water containing potassium hydroxide: Ions present 
are K"^, OH”\^d H"*". When current is passed, OH” ions 
move towards itoode while H*” and K’*’ ions move towards 
cathode. 

At anode, OH” ions are discharged and oxygen is evolved. 

40H” ^—> 2 H 2 O + O 2 + 4e 
At cathode, H'’ ions are discharged and hydrogen is evolved. 
2 H+ + 2e -> H 2 T 

[K"^ ions are not discharged as their discharge potential is 
higher than that of H*” ions] 

» (ii) Hydrogen from Acids 

(a) The metals which are reactive and occupy their position 
above hydrogen in the electrochemical series such as alkali 
metals, alkaline earth metals, Zn, Mg, Fe, etc., react with dil. 
HCl or dil. H 2 SO 4 to evolve hydrogen. 

Mg + 2HC1-> MgCl 2 + H 2 t 

Fe + H 2 SO 4 -» FeS 04 + H 2 t 

Zn + H 2 SO 4 -> ZnS 04 + Hj T 

M M + 2e [M is electropositive and has the tendency to 

211”^ + 2e H 2 lose electrons. These electrons are accepted by 

protons given by dil. acids to yield hydrogen.] 

(b) Mn and Mg react with dil. HNO 3 to evolve hydrogen. 

: (iii) Hydrogen from Alkalies 

Zn, Al, Sn, Pb, Si (amphoteric metals) react with boiling 
NaOH or KOH to evolve hydrogen. 

Zn + 2NaOH = Na 2 Zn 02 + H 2 t 

Sodium zincate 

2A1 +,2NaOH + 2 H 2 O = 2 NaA 102 + 3 H 2 t 

Sodium meta- 
aluminate 

Sn + 2 NaOH + H 2 O = Na 2 Sn 03 + 2 H 2 T 

Sodium stannate 

Pb + 2 NaOH + H 2 O = Na 2 Pb 03 + 2 H 2 T 

Sodium piumbate 

Si + 2NaOH + H 2 O = Na 2 Si 03 + 2 H 2 T 

Sodium silicate 

Uyeno’s method: Very pure hydrogen is obtained with 
rapidity by the action of caustic potash on scrap aluminium. 
This method is used for military purposes. 

2A1 + 2KOH + 2 H 2 O = 2 KAIO 2 + 3 H 2 t 

■ Laboratory Method 

Hydrogen is prepared in the laboratory by the action of 
dilute sulphuric acid on granular (commercial) 2 dnc in the woulfe- 
bottle. It is collected by downward displacement of air as it is 
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lighter than air. In place of woulfe bottle, Kipp’s apparatus can 
also be used. The apparatus should always be air tight and 
there should not be any flame near the apparatus otherwise 
explosion may occur. Dilate H 2 SO 4 does not react with 
pure zinc.* In case of pure zinc, the addition of few drops of 
chloroplatinic acid or copper sulphate solution brings about the 
reaction. 

Purification of hydrogen gas : Hydrogen prepared in the 
laboratory from granular zinc consists of a number of impurities 
such as ASH3, PH3, H2S, SO2, CO2, oxides of nitrogen, etc. 
To remove these impurities, the hydrogen is passed through 
three bottles containing AgN03 solution, Pb(CH3COO)2 solution 
and KOH solution, respectively. AgN03 solution removes PH3 
and ASH3; Pb(CH3COO)2 solution removes H2S; and the KOH 
solution removes CO2, SO2 and oxides of nitrogen. Finally, 
hydrogen is collected over P2O5 or anhydrous CaCl2 as to 
remove the traces of moisture present in the hydrogen. 

Esaiuple 1. In the laboratory, for the preparation of 
hydrogen from granular zinc, why the following acids cannot 
be used and which is the most suitable acid for this purposes: 

{a) Cone. H^SOn (b) Cone. HCl (c) Nitric acid. 

Solution : (a) Cone. H2SO4 is not used because a part of 
the acid gets reduced to sulphur dioxide. 

H2SO4 + H2-> 2H2O + SO2 

(Cone.) 

(b) Hydrogen liberated by the action of cone. HCl on zinc 
will be impure as it will contain fumes of volatile HCl. Moreover, 
ZnCl2 formed is insoluble in cone. HCl. It will form a coating 
on zinc and the reaction stops after sometime. 

Zn + 2 HC 1 ->ZnCl2 + H2 

(c) HNO3 plays a double role. It acts as an acid and as an 
oxidising agent. The hydrogen (nascent) first formed reduces 
the nitric acid into various oxides. 

2HNO3 + 2 H-> 2NO2 + 2H2O 

2HNO3 + 6H-> 2 NO + 4H2O 

Thus, the most suitable acid is dilute H 2 SO 4 . 

■ Preparation of Pure Hydrogen 

Pure hydrogen is obtained, 

(i) by canying electrolysis of barium hydroxide, Ba(OH)2, 
solution in a U-tube using platinum electrodes or nickel 
electrodes. The gas liberated at the cathode is passed over 
heated platinum gauze as to remove oxygen if present as an 
impurity in the form of water which is removed by passing the 


gas through P2O5. Barium hydroxide, Ba(OH>2 is preferred to 
sodium hydroxide or potassium hydroxide because if any 
amount of CO2 is absorbed, the BaC03 produced, being 
insoluble, settles down and does not interfere with electrolytic 
process. 

(ii) by action of water on NaH, 

NaH + H2O —^ NaOH + H2T 

(iii) by Uyeno’s method, 

2 A 1 + 2 KOH + 2H2O-> 2KAIO2 + 3H2T 

(iv) by the action bf pure dilute H2SO4 on magnesium 
ribbon. 

Mg + H2SP4 (dil.)-> MgS 04 + H2 

5^ MANUFACTURE OF HYDROGEN 

Large quantities of hydrogen are required these days in industry 
for various purposes. Water is found in abundance and is the 
cheai^st raw material fiom which hydrogen can be obtained. 
Many methods have been proposed for the commercial 
I^oduction of hydrogen, among which the important ones are 
described below: 

(i) Lane’s process : In this process, steam is passed over 
hot iron. Iron decomposes steam with the formation of magnetic 
oxide (Fe304) and hydrogen. The temperature of iron is 
maintained between 550 to 800 °C. This reaction is termed 
gassing reaction and time alloted for this reaction is about 10 
minutes, 

3 Fe + 4H2O = Fe304 + 4H2T } Gassing 
Steam Magnetic 
oxide 

Iron is regenerated by reducing magnetic oxide witii water 
gas (CO + H2). This reaction is. called vivifaction and time 
alloted for this reaction is about 20 minutes. 

Fe304 + 4 CO = 3 Fe + 4CO2 1 
^^ 3^4 + 4H2 = 3 Fe + 4H2O J 

This iron is again used for decomposition of steam. In order 
to make the process continuous, the above two reactions are 
carried out alternatively using two or more furnaces. 

(i!) Bosch’s proc^ (water-gas reactions) : The 
considerable quantity of commercial hydrogen is obtained by 
the use of this method. Water gas is produced first by passing 
steam over hot coke at lOOO'^C. The temperature is not flowed 
to faU below lOOO^C. 

C + H2O-> CO+H2 

Water gas 


♦Pure zinc reacts to produce hydrogen very slowly and in small amount. The reason is that the initially formed gaseous hydrogen forms an 
extremely thin film on the surface of zinc which prevents the huther dissolution of zinc in acid. Moreover, as a result of high ova* voltage established 
before the hydrog^ can evolve from zinc surface, the discharge of IT ions or at least the combination of hydrogen atoms to form H 2 molecules cannot 
occur on pure zinc surface, so, granular zinc is preferably used. If a little CUSO 4 is added, a thin layer of copper is formed on zinc surface. Zinc- 
copper couple reacts readily with dilute acid. 
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Water gas* is mixed with twice its volume of steam and 
passed over a mixture of ferric oxide and chromium oxide 
heated to 500°C. The mixture acts as a catalyst and helps in 
the conversion of carbon monoxide to carbon dioxide. 

Catalyst 

H2+C0 + H2O-> CO2 + 2H2 

Water gas Steam 

CO 2 dissolves in water under pressure. The mixture of GO 2 
and H 2 is passed through water under a pressure of 25-30 
atmospheres. CO 2 dissolves completely in water. Traces of 
CO present in hydrogen are removed by passing the gas through 
ammonical cuprous chloride solution under a pressure of 200 
atmospheres. 

The hydrogen manufactured by this method is utilised for 
the synthesis of ammonia in which CO acts as a poison for the 
catalyst. To make hydrogen completely free from CO, it is 
passed over nickel catalyst where any amount of CO left is 
converted to methane. 

CO + 3 H 2 ->CH 4 + H20 


Steam - 



(111) Fniiti natural gas using steam refomdng process : 

The hydrogen on a massive industrial scale is prepared by 
using the steam-reforming process. This is a recent method. 
In this process steam and hydrocarbons from natural gas or 
petroleum react at high temperature and pressure in the presence 
of catalyst to form carbon monoxide and hydrogen. Natural 
gas mainly consists of methane (CH 4 ). Hydrogen is obtained 
from natural gas either by partial oxidation or by cracking. 

CH4 + H2O CO + 3H2 

Steam 


CO + H 2 O > CO 2 + H 2 


CH4 - 

Methane 


Cracking 

lOOO^C 


C + 2H2 


C 2 H 6 —2C + 3 H 2 

Ethane 


CH 3 —CH 2 ~CH 3 -> CH 3 —CH=CH 2 + H 2 

Propane Propene 

Natural gas is mixed with steam and passed over a catalyst 
at about 800-90fr^C. The CO 2 and CO are removed by the 
method as described in Bosch’s process. 

(Iv) ElecMysis of water : See section 5.3 (i) (e). 


(v) As a byproduct : Sodium hydroxide is manufactured 
by carrying electrolysis of an aqueous solution of sodium 
chloride in Nelson cell (Fig. 6.1) or Castner-Kellner cell (Fig. 
6.2). Hydrogen and chlorine are the byproducts of this industry. 

Hydrogen is also obtained as a byproduct in the manufacture 
of sodium by electrolysis of fused sodium hydroxide by 
Castner’s process. 

(vi) Relatively smaller quantities of hydrogen are obtained 
by passing a 1:1 molar mixture of vapourised methanol and 
water over a base metal chromite type catalyst at 40(fC. The 
mixture of hydrogen and carbon monoxide obtained is made to 
react with steam to give CO 2 and more hydrogen. 

400''C 


CH 3 OH 
CO + H 2 O 


Catalyst 

400°C 

Catalyst 


CO + 2 H 2 


^ COo + H^ 


The CO 2 and CO are removed by the method described in 
Bosch’s process. " 

These days about 77% of the commercial hydrogen is 
produced from petrochemicals, 18% from coal, 4% from 
electrolysis of aqueous solutions and 1 % from other sources. 


5^ PROPERTIES OF HYDROGEN 


Physical Properties 

(a) It is a colourless, odourless and tasteless gas. 

(b) It is only slightly soluble in water, about 2 volumes in 
100 volume of water at O^C. 

(c) It is lightest of all elements. 

Density = 0.08987 gL"' 

(d) It is diatomic in nature. 

Cp/Cy = y =\.40 

(e) It has low melting and boiling points, 

b.pt. = -252.5°e (20.5 K) 
m.pt.= -259.0°C (14.0 K) 

(f) The various physical constants are : 


Ionisation potential 
Electron affinity 
Electronegativity 
Critical temperature 
Bond energy, H— 
Bond length, H—H 


13.54 eV or 313 kcal moF* 
17.3 kcal moF^ or 72 kJ moF^ 
2.1 

-236.9°C 
436 kJ moF^ 

74 pm 


(g) Certain metals like palladium, platinum, iron, cobalt, 
etc., can adsorb large quantities of hydrogen. Palladium can 
adsorb KKX) times its own volume of hydrogen. The adsorbed 
hydrogen is called occluded hydrogen and is more active than 
ordinary hydrogen. This property can he used for the purification 
of hydrogen because only pure hydrogen is adsorbed. 


♦All mixtures of CO and H 2 irrespective of their composition are called now-a-days synthesis gas or Syn gas. Syn gas can also be produced from 
sewage, sawdust, scrap wood, newspaper, etc. 
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u' Chemical Properties 

(a) Combustion : Hydrogen is inflammable or combustible 
gas. It bums with blue flame in oxygen atmosphere. Hydrogen, 
however, does not help in burning. If a burning splinter is 
introduced in ajar full of hydrogen, the splinter goes out while 
the gas bums on the mouth of the jar. On account of hydrogen 
burning, water is formed. 


2H2 + 02 = 2H2O 

(b) Combination reactions: Hydrogen is not a very 
active element and does not react readily with other elements. 
The H—H bond dissociation enthalpy (436 kJ moH) is the 
highest for a single bond between two atoms of any element. 
It’s dissociation is only 0 . 081 % at 2000 K and increases to 
95 . 5 % at 5000 K. 


U / ^ 5000 K \ 

H2(g)-> 2 H(g) 

Therefore, most of the reactions of dihydrogen occur at 
high temperatures. 

Under suitable conditions, hydrogen can be made to combine 
with metals and nonmetals both, (i) Alkali and alkaline earth 
metals (with the exception of beryllium) directly combine with 
hydrogen when heated in its atmosphere. The compounds 
formed are called hydrides. 

2 Li + H2 = 2 LiH; Ca + H2 = CaHi 

2 Na + H2 = 2 NaH; Ba + H2 = BaH2 

These hydrides are electrovalent compounds, conduct 
electricity in fused state, (ii) Non-metals like halogens, oxygen, 
sulphur, nitrogen, etc., directly combine with hydrogen under 
definite set of conditions and form stable covalent compounds. 
With fluorine, hydrogen combines readily even at low 
temperature while the combination with chlorine takes place in 
presence of sunlight or on heating. Similarly, with bromine it 
combines on heating while with iodine it combines when heated 
in presence of a catalyst. 

H2 + X2 = 2 HX : X = F, Cl, Br or I 

The reactivity of halogens towards dihydrogen decreases 
in the order: 

F2 > CI2 > Br 2 > I2 

Hydrogen combines with sulphur on ignition. 


H2 + S = H2S 

It combines with nitrogen under high pressure and in 
presence of a catalyst at 500 “C. 

It combines with carbon at about 1200 °C to form methane 
in small amounts. 

C + 2H2 = CH4 

(c) Reducing nature : As hydrogen has great affinity for 
oxygen, it is suitable for removing oxygen. The oxides of less 


electropositive metals such as copper, tin, iron, lead, etc., are 
reduced to the metals when heated in hydrogen. 

PbO + H2 = Pb + H2O 
CuO + H2 = Cu + H2O 
Fe304 + 4H2 = 3 Fe + 4H2O 

[Note : The oxides of strongly electropositive metals such as those of 
alkali and alkaline earth metals are not reduced by dihydrogen.] 
Numerous substances are reduced or hydrogenated by 
hydrogen in presence of suitable catalysts. The unsaturated 
fats are changed to saturated fats in the presence of finely 
divided nickel. 


Unsaturated + H2 
(Oil) 

CH2=CH2+H2 

Ethene 

CH = CH+2H2- 

Ethyne 


Ni 


Catalyst 


» Saturated fat 

(Vanaspati ghee) 


Ni or or Pd 
473 K 

Ni or Pt or Pd 
473 K 


4 CH3-^CH3 
Ethane 

+ CH3—CH3 
Ethane 


(d) Reaction with carbon monoxide : At about 700 K 
and under high pressure and in presence of a catalyst (ZnO/ 
Cr203), dihydrogen combines with CO to form methanol. 

700K. 2{X)atm. 


CO+2H7 


-+ CH3OH 


ZnO/CrjOj 

(e) Hydroformylation of olefins to aldehydes : Olefins 
combine with carbon monoxide and hydrogen in presence of 
octacarbonyldicobalt, Co2(CO)g, as catalyst under high 
temperature and pressure to form aldehydes which can be 
further reduced to dcohols. 

R—CH = CH2 + H2 + CO —^ RCH2—CH2—CHO 

Olefin Aldehyde 

Hi, 


^ RCH2- 


-CH2—CH2OH 

Alcohol 


^ INDUSTRIAL APPUCATIONS 

Very large quantities of hydrogen are required for synthesis of 
a number of products. 

(a) Synthesis of ammonia : A mixture of N2 and H2 in 
ratio of 1 : 3 is compressed to 200 atmospheres and passed 
over heated catalyst at 500 ”C. About 8% NH3 is formed. It is 
known as Haber’s process. 

Catalyst 1 

N 2 + 3 H 2 ^. 


500"C 


AH = - 22.4 kcal mol 


Catalyst—^Freshly reduced iron having Mo as promoter. 

{ 1 ^ ’ Manufacture of methyl alcolml : Water gas enriched 
with H2 is compressed to 2 (X) atmospheres and then passed 
over catalyst ZnO and QO3, when CH3OH is formed. 


CO + 2 Ha OH 

, ‘ 30(fC 

(c) Manufacture of hydrogen chloride : Large quan¬ 
tities of H2 and CI2 obtained as byproducts during manufacture 
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of NaOH are made to combine to form HCl by burning one in 
the other. 

H 2 + CI 2 - > 2HC1 (absorbed in water) 

(d) In food processing Industry by hydrogenation of 
oils : Hydrogen is chiefly used in catalytic hydrogenation of 
unsaturated (liquid) oils into solid fats for the production of 
vegetable ghee. 

(e) Synthetic petrol : Petrol substitutes are obtained by 
subjecting a paste of powdered coal in crude oil to the action 
of hydrogen under pressure and in presence of a catalyst. 

(f) Os^hydrogen flame : Oxyhydrogen flame produces 
a temperature of 2800°C while oxyatomic hydrogen flame 
produces a temperatuie of4000®C. This temperature is required 
for melting substances having very high melting points such as 
quartz, platinum, etc., and also for welding purposes. 

(g) With helium, it is us^ for filling balloons employed for 
atmospheric study, 

(h) Hydrogen is used for cmating a reducing atmosphere in 
processes like annealing and deoxidising. 

(i) As fuel for space shuttle’s main rocket engiue : The 
density of liquid hydrogen is very low (0.08987 gL"^), which 
is less than one-tenth that of water. This low density makes 
hydrogen a very light weight but bulky fuel. Hydrogen has the 
highest specific enthalpy of any known fuel, The low density 
and highest specific enthalpy of liquid hydrogen makes it a 
valuable fiiel for space mission, so liquid hydrogen storage 
tank with liquid oxygen is used to power the main rocket 
engine of space shuttle (Fig. 5.1). 

Liquid Oxygen 
Tank 


Liquid Hydrogen 
Tank 


(a) (b) 

Fig. 5.1 (a) A liquid hydrogen storage tank ; Liquid 
hydrogen is used as a rocket fuel, (b) The arrangement 
of fuel tanks in the space shuttle 



(j) In petrochemical industry : One major use of hydrogen 
is in the petrochemical industry. In many cases the reaction is 
one where hydrogen is added to hydrocarbon compound 
containing carbon-carbon double bonds to produce compound 
that contain carbon-carbon single bond. For example, 1-butene 
can be reacted with hydrogen using a platinum or palladium 
catalyst to produce butane. 

CH 3 CH 2 CH = CH 2 + H 2 CH 3 CH 2 CH 2 CH 3 
Butene Butane 

Butane is the constituent of petrol. 



HYDROGEN ECONOMY 

(Use at hydrogea as a ftid) 


The world’s fossil fuel reserves are being depleted at an 
alarmingly fast rate. Faced with this dilemma, scientists have 
made intensive efforts in recent years to develop alternative 
sources of energy. Hydrogen has been considered as .one of 
the alternate source of energy. 

One major advantage of using hydrogen as a fuel is that it 
is environmentally clean, giving only water as a combustion 
product. If hydrogen is burned in air, small amount of nitrogen 
oxides can be produced because of high temperature 
combination of nitrogen and oxygen, but the combustion 
products are free from GO, CO 2 , SO 2 , unbumed hydrocarbons 
and other environmental pollutants that result from the 
combustion of petroleum fuels. 

The second advantage with hydrogen is that the heat of 
combustion of hydrogen per gram is higher than any other fuel 
as tabulated below: 


H 2 (f) + (5)02(g)-> H20(/) ; AH° = -284 kJ mol"' 


Enoi^ relMsed by combustion of some substan^s 


Substeiice 

Energy released (kj/g) 

Hydrogen [combustion product H20(/)] 

142 

Gasoline 

48 

Crude petroleum 

43 

Typical animal fat 


Coal 

293 

Charcoal 

29 

Paper 

20 

Wood or dung 

15 


There has been much talk of the hydrogen eeonomy.The 
idea is that hydrogen could replace coal and oil as major sources 
of energy. Our energy needs can be met by g^eous, liquid and 
solid hydrogen. For heating homes, gaseous hydrogen could 
be conveyed through underground pipes, while liquid hydrogen 
could be shipped by truck or rail in large vacuum insulated 
tanks. Automobiles might be powered by solid hydrogen in the 
form of solid interstitial hydrides. Prototype cars have already 
been built with their engines modified to run on hydrogen. 
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m Hydrogen-oxygen fuel cell 


There is a safer way to combine H 2 and O 2 to form water 
and extract energy in the form of electricity. The device is 
termed as a hydrogen-oxygen fiiel cell (Fig. 5.2). A hydrogen- 
oxygen fuel cell is a galvanic cell in which one of the reactants 
is a traditional fuel such as hydrogen. In a fuel cell, the 
chemical energy of a fuel is «»nverted directly into 
electricity without burning the fiieL Such a cell was invented 
in 1839 by William Grove but it remained a mere curiosity 
until the advent of a U.S. programme in 1960. A fuel cell is 
used as a source of electrical energy in the space vehicles.It 
differs from an ordinary battery that the reactants are not 
contained within the cell but instead are continuously supplied 
from an extanal reservoir. 

The fuel cell contains porous carbon electrodes impre¬ 
gnated with metal catalysts usually platinum and an electrolyte 
consisting of hot (200°C) aqueous KOH or molten Na 2 C 03 . 
Proton Exchange Membrane (PEM) is used for this purpose 
now-a-days. The fuel (gaseous H 2 ) and the oxidising agent 
(gaseous O 2 ) do not react directly but instead flow into 
separate cell compartments where gaseous hydrogen is oxidised 
at anode and O 2 is reduced at the cathode. The overall ce 11 reaction 
is simply the conversion of hydrogen and oxygen to water. 

At the anode, hydrogen gas enters a chamber where a 
porous platinum catalyst oxidizes the hydrogen.to H‘*^(a 9 ) ions 
at the anode. The hydrogen ions (H'*’) then migrate through a 
special proton exchange membrane (PEM), which works as 
an electrolyte and move to the cathode. 

2 H2(g) —- > 4lf(aq) + 4e~ . (anode) 

catalyst 


The proton exchange membrane allows a very small quantity 
of H''’(a^) ions for the passage from the anode to the cathode. 

At cathode oxygen gas enters the cell, where it comes in 
contact with a platinum catalyst that facilitates the reduction of 
02 (g) in the presents of HT'’ (aq) and the electrons produced at 
anode from oxidation reactions and produce water. 

02 (g) + 4¥t(aq) + —-—> 2H20(/) . (cathode) 

catalyst 


Op in 


Op out -it— 



I — Hp gas in 

Pt(catalyst) 

Proton exchange 
membrane (PEM) 


■ Hp gas -I- water 
vapour out 


Fig. 5.2 A hydrogen-oxygen fuel cell 


Thus, there is a transfer of electrons—^from H 2 to O 2 . The 
above equation is clearly the equation for the burning of 
hydrogen in oxygen but in this cell, it is burning without a 
flame and with relatively little heat. Water is the only product 
besides a transfer of electrons, which is what we call electricity. 
Hence, fuel cells are a more environmentally friendly way to 
produce electricity. 

Fuel cells provide electricity and pure water during space 
flights; Fuel cells are very efficient, converting about 75% of 
bond energy of fuel into electricity. In contrast, an electric 
power plant converts 40% of bond energy of coal into electricity. 
However, fuel cells cannot store electrical energy. They only 
operate with the continuous flow of reactants. The electrode 
materials are short lived and expensive. 

A major advantage of the fuel cell is that there is no electrode 
material to be replaced as there is in an ordinary battery. The 
fuel can be fed in continuously to produce power. In fact, 
hydrogen-oxygen fuel cells were used in the Gemini and 
Apollo missions in the second half of the twentieth century 
and other space programmes. 

Because of cost, large scale applications of fuel cells have 
been limited. The use of fuel cells is still in its infancy but will 
surely grow. 



hydrides 


Binary compounds of the various elements with hydrogen, in 
which hydrogen has usually an oxidation number of -1 are 
called binary hydrides. The type of hydride which an element 
forms depends upon its electronegativity and hence on the type 
of bond fonned. Hydrides are conveniently studied under three 
classes. 

(A) Ionic or Saline or Salt like hydrides 

(B) Covalent or molecular hydrides 

(C) Metallic or interstitial hydrides 



Ionic Covalent 

□ Uncharacterized 
or unknown 


Metallic 


Fig. 5.3 The different classes of binary hydrogen 
compounds and their distribution in the periodic table 


m (A) Ionic or Saline or Salt Like Hydrides 

The saline hydrides are compounds of hydrogen with a 
strongly etetropositive metals, Le., alkali and alkaline earth 
metals and some highly positive members of lanthanide series 
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with the exception of Be* and Mg* which can transfer electrons 
easily to hydrogen atoms. 

These hydrides are generally prepared by heating the metal 
with hydrogen under pressure at temperatures between 150° 
to 600°C. 


2Li + H 2 


eoD^c 


^2LiH 


metals from which they are formed. This is because that H“ 
ions occupy holes in the lattice of metal. 

(vii)The stability of the hydrides decreases as the size of the 
cation increases. 

LiH > NaH > KH > RbH > CsH 
CaH2 > SrH2 > BaH2 


H 2 + 2Na, K, Rb or Cs2NaH, 2KH, 2RbH or 2CsH 

150—^OO^C 

H 2 + Ca, Sr or Ba-> CaH 2 , SrH 2 or BaH 2 

■ Properties 


Hydride 

Dissociation 
temp. (K) 

Hydride 

Dissociation 
temp. (K) 

LiH 

823 

CsH 

443 

NaH 

483 

CaH2 

1158 

KH 

473 

SrH2 

858 

RbH 

443 

BaH2 

503 


(i) They are colourless or greyish coloured crystalline solids. 
Alkali metal hydrides have rock-salt structure (Fig. 5,4). 
They are non-conducting substances. They consist of ions 
and behave as salts and thereby called as ionic hydrides. 



Fig. 5.4 The arrangement of ions in the rock-salt structure. 

(a) The unit cell, showing the packing of the individual ions. 

(b) In line diagram the red spheres are cations and the blue 

spheres are anions. 

(ii) They have high melting and boiling points. 

(iii) They conduct electricity in molten state (fused state) 
liberating hydrogen at anode. This confirms the presence of 
hydride (H^ ions in them. For example molten LiH undergoes 
electrolysis. 



Cathode Anode 

Li*^ + c - y Li 2H -> H 2 + 2^ 

(iv) Ionic hydrides can undergo an oxidation-reduction 
reaction with water to produce hydrogen and a basic solution, 

LiH(s) + H20(/)-> E2(g) + LiOH(ag) 

For this very reason, these hydrides can be used as a source 
of hydrogen gas where transportation of H 2 (g) is impractical, 
such as for inflating weather balloons. 

(v) They have high heats of formation. 

(vi) The density of ionic hydrides is higher than those of 


(viii) They bum in air on strong heating due to their decom¬ 
position into metal and hydrogen. Both readily combine with 
oxygen. 

MH2 ,-M + H2 

MO H2O 

(ix) These hydrides readily react with H2O, C2H5OH, CO2, 
SO2, dil. acids, NH3, etc. 

LiH + H2O-> LiOH + H2t 

LiH + C2H5OH-^ CaHjOLi + H2T 

LiH + COa—^ HCOOLi 

Lithium formate 

2 LiH + 2SO2 —^ Li 2 S 204 + Hat 

Lithium 

sulphosulphite 

LiH + NH 3 -> LiNHa + Hat 

LiH + HCl-> LiCl + Hat 

(x) Alkaline earth metal hydrides and LiH combine with 
nitrogen when heated in its atmosphere. 

6 LiH + Na-^ 2Li3N + SHat 

SCaHa + Na-> CasNa + SHat 

(xi) Ionic hydrides show reducing properties. 

2 CO + NaH-> HCOONa + C 

SiCl4 + 4 NaH-> SiH4 4 NaCl 

PbS04 + 4 NaH-> PbS + 4 NaOH 

Fe304 + NaH-> 3 Fe + 4 NaOH 

(xii) LiH and NaH have been used for preparing valuable 
reducing agents, e.g., LiAlH4 (lithium aluminium hydride) and 
NaBH4 (sodium borohydride) by the following reactions: 

4 LiH + Aia3 > LiAlH4 + 3 LiCl 

BaHg + 2 NaH-> 2NaBH4 

Uses : Ionic hydrides are used as reducing agents (a 

source of electrons during chemical reactions), as solid fuels 
and for ready synthesis of hydrogen via hydrolysis. 


*MgH 2 and BeH 2 show significant covalent nature, 

: Binary molecular compounds of hydrogen are often called molecular hydrides, but they are not strictly hydrides as the oxidation number 
of hydrogen is +1 as in hydracids of halogens, oxygen, nitrogen, etc. 
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(B) Covalent or Molecular Hydrides* 

Covalent hydrides are molecular compounds in which 
hydrogenis covalently bonded to another element. For example 
some covalent hydrides are NH3, H2OJ H2O2 and HF. ITiese 
hydrides are formed by all the true nonmetals (except zero group 
elenients) and the elements like Al, Ga, Sn, Pb, Sb, Bi, Po, etc., 
which are normally metallic in nature, Le,, this class includes the 
hydrides ofp-block elements. Except third group elements, each 
other element forms a simple mononuclear hydride of the 
formula, where x is the number of electrons present in 

the outermost orbit of the element M. The simplest hydride of B 
and Ga are dimeric materials, B2H6 (diborane) and 
respectively and the hydride of aluminium is polymeric in 
nature, (A1H3)„. In addition to mononuclear hydrides, the elements 
like Si, Ge, N, P, O, S, B, etc., form polynuclear hydrides. 

Molecular hydrides are further classified according to their 
relative numbers of electrons and bonds in their Lewis structures. 

(1) Electron deficient molecular hydrides : These have 
too few electrons for writing its conventional Lewis structure. 
Diborane (B2H^) is an example of this type. 

(ii) Electron-precise molecular hydride i These are 
formed by elements of group 14 . The molecules are tetrahedral. 
Methane (CH4) is an example of this type. 

(Ill) Electron-rich molecular hydiM^r The excess 
electrons are present as lone pairs. The examples are NH3, 
H2O, HF, etc. The hydrides NH3, H2O and HF due to the 
presence of highly electronegative atoms possess hydrogen 
bonding also. 

These hydrides can be obtained by direct combination of 
elements or by hydrolysis of compounds such as borides, 
silicides, phosphides, sulphides, carbides, etc., or by use of 
liAlH4. 

■ ■N2 -^ 3H2 -> 2NH3 1 

> Direct combination 

X2 + H2 -2HX ' J 

Mg3B2 + HCl(diL)-> A mixture of boron hydrides 

Mg2Si + HCl(dil.)-> A mixture of silicon hydrides 

AI4C3 + I2H2O-> 4A1(0H)3 + 3CH4 

CaC2 + 2H2O-> Ca(OH)2 + C2H2 

Mg3N2 + 6H2O-^ 3Mg(OH)2 + 2NH3 . 

FeS + 2 HCl(diL)-> FeCl2 + H2S 

Ca3P2 + 6H2O-> 3Ca(OH)2 + 2PH3 

SiCl4+LiAlH4 ^*54 SiHt 4 LiCl 4 AICI3 

4BCI3 4 3LiAlH4 .—.> 2B2H6 4 3AICI3 4 3 LiCl 

GeCl 44 LiAlH 4 .> LiCl 4 AICI 3 4 GeH 4 


Some of these molecular compounds can be prepared by 
protonation, or proton transfer from an acid to a base, such as 

FeS(5) + 2BC\iaq) -> FeCl2(a^) + H2S(g) 

Some of these compounds can be formed from the direct 
reaction of the elements with hydiogen. If the nonmetal reacting 
with hydrogen is reactive, the reaction will readily occur without 
the need for elevated temperatures or a catalyst. 

F2(g) + H2(g)-> 2 HF(g) 

The reaction of hydrogen with oxygen to form water is an 
example of a reaction that requires the input of energy to get 
started. However, once it does, the reaction is rapid and 
exothermic. 

2 H 2 (g) + 02(g)-> 2 H 20 (g) Atf = » 484 kJ 

Because it is such an exothermic reaction and the product 
is a gas, it is an ideal rocket ftieL 

■ Properties 

(i) In these hydrides, hydrogen atoms are covalently bonded 
to the centml atom. The hydrides consist of discrete covalent 
mol^ules held together by weak van der Waals’ forces and in 
some cases by hydrogen bonds. As a result, these hydrides are 
gases, liquids and in few cases solids of low melting and 
boiling points. 

(ii) In general, these hydrides are volatile in nature. 

(iii) They have low electrical conductivity. 

(iv) The thermal stability in a group decreases as the 
electronegativity decreases with an increase in size of the central 
atom. The thermal stability decreases in VA or 15 th group 
hydrides. 

NH3 > PH3 > ASH3 > SbH3 > BiH3 

(v) Covalent hydrides with one or more lone pairs of electrons 
behave as Lewis bases. Along any given period of periodic 
table, these hydrides become increasingly acidic as we move 
from left to right. 

:NH3 , H2O , HF 

Basic Neutral Acidic 

(vi) The hydrides of third group or 13 th group are electron 
deficient and hence behave as Lewis acids. 

B2H6 + 2NH3 ^ 2 [BH 3 .NH 3 ] 

(vii) Some hydrides act as reducing agents. 

4 AgN 03 + SiH4-> 4 Ag + Si + 4HNO3 

(viii) The lighter elements of groups 14 , 15 and 16 form 
polynuclear hydrides. For example, C2H^, ObH^, C4H10, etc. 
for carbon; Si2H5, Si3H8, SiiHjo, etc. for silicon; N2H4, N3H 
for nitrogen; H202» H2O3 for oxygen. 



*The systematic names of covalent or molecular hydrides are usually derived from the name of die element and suffix -ane as : 
PH 3 Phosphane H 2 O Oxidane NH 3 Azane 
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Uses : Molecular hydrides have wider applications. Some 
of them are mentioned here. Boron hydrides are used as high 
energy fuels and propellants. Ammonia is the source for 
hydrogen at any destination. Phosphine is used for making 
Holme’s signals. H2S is an important laboratory reagent. HF is 
used for etching of glass. 

^ (C) Metallic or Interstitial Hydrides 

Metallic hydrides are compounds containing a transition 
metal and hydrogen. Commonly, the formula of these com¬ 
pounds is MH;c, where x is often not an integer. The metallic 
hydrides are so called because they are electrically conducting. 

Many transition and inner transition metals of ^-block form 
black powdery, metallic or interstitial hydrides on reacting with 
hydrogen. However, the metals of groups 7 , 8 and 9 do not 
form hydrides at all. Even from group 6, only chromium forms 
hydride (CrH). This region of periodic table from group 6 to 
9 is referred to as the hydride gap. Metallic hydrides of groups 
3 , 4 and 5 are common. The elements of groups 10 , 11 , 12 and 
/-block elements (Ce, Eu, Yb, Th, U, etc.) on heating with H2 
under pressure form hydrides. 

Earlier it was thought that'in these compounds, hydrogen 
occupies interstices (Fig. 5 . 5 ) in the metal lattice producing 
distortion without any change in the metal itself. Consequently, 
they were termed as interstitial hydrides. However, recent 
studies have shown that except for hydrides of Ni, Pd, Ce and 
Ac, other hydrides have lattice different from that of the parent 
metal. 



Fig. 5.5 In a metallic hydride, the small hydrogen atoms (the 
small grey spheres) occupy gaps--called interstices-between 
the larger metal atoms (the large gray spheres) 

These hydrides are prepared by adsorbing hydrogen directly 
at appropriate temperatures by metals. In some cases, the 
metals are used as cathodes in the electrolysis of aqueous 
solutions so that hydrogen evolved at cathode is adsorbed. 

The composition of these hydrides may not correspond to 
simple whole number ratio and therefore, they are called non- 
stoichiometric hydrides. Their composition varies with the 
conditions of temperature and pressure. 

This shows that hydrogen atoms occupy some and not all 
the interstitial sites in the metallic lattice. Often hydrogen atoms 
enter the holes in nonstoichiometric amounts. The result is that 


the composition of the metallic hydride is variable. For example 
under one pressure of H2 the composition of the metallic 
might be MH0.4, whereas at a higher pressure of H2, it might 
be MH0.5. One way to think about these compounds is to 
consider the metal crystal to be similar to an apartment building 
with the lattice holes representing the individual apartments. 
The occupancy of an apartment building is not fixed; it is 
instead a function of factors like the rent, conditions of the 
building and so on. 

Some important examples of metallic hydrides are : ScH2, 

YH2,YH3,IiH2,L^3,TiH2,ZrH2,Hffl2.VH,VH2,N^^ 

TaH, CrH, etc. Some examples of non-stoichiometric hydrides 
are : PdH(o. 6 0.8)^ NbHo.n, ZrH(i 3 o^ 1 . 9 ), TiH(| 7 CIH2.7, 

Lais. etc. 


^ Properties 

(i) They are black powdery, hard, have a metallic lustre and 

magnetic properties. - 

(ii) They are good conductors of electricity, the conductivity, 
however, decieases with increase in temperature. 

(lii) The density of these hydrides is lower than those of 
metals from which they are formed since the crystal lattice 
expands due to absorption of H2. 

(iv) They have high thermal conductivity. 

(v) They generally undergo reversible decomposition into 
H2 gas and metal 


Red hot metal 4 - H. 

^ Occlusion 


Interstitial 

hydride 


Strong 

heating 


Metal+ H2 


Uses: (i) Metal hydrides formed as a result of occlusion 
can be used as hydrogen storage media. 

(ii) Metallic hydrides are widely used in catalytic reduction 
and hydrogenation for preparing large number of useful 
compounds. 

(iii) Since the metallic hydrides release their hydrogen (as 
H2) when heated or treated with acid, they are also being 
investigated for storing and transporting hydrogen. Both saline 
and metallic hydrides have the high enthalpy densities desirable 
in a portable fuel. 

(d) Polymeric and Complex hydrides 

Besides ionic, covalent and metallic hydrides, there are two 
more types of hydrides which are called as polymeric and 
complex hydrides. 

Polymeric hydrides : These are formed by elements 
having electronegativity in the range of 1.4 - 2 . 0 . These are 
generally solids. Examples are : (BeH2)„, (MgH2)„, (A1H3)„, 
(InH3)„, (SiHjIn, etc. These hydrides Consist of molecules 
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held together in two pr three-dimensions by hydrogen bridges 
(Three-centre-two electron bonds.) 



Complex hydrides : These are the compounds which 
contain hydride ions (H"^ coordinated to metal atom. Examples 
are : LiAlH4, LiBH4, NaBH4, etc. 

5^ SPECIAL FORMS OF HYDROGEN 


(a) Nascent Hydrogen 

Hydrogen at the moment of formation is known as nascent 
hydrogen. It is more active than ordinary hydrogen. For 
example, when ordinary hydrogen is passed through acidified 
potassium permangmate solution or ferric chloride solution, 
neither of them is reduced. However, when zinc pieces are 
added, both get reduced. 

Ordinary- > KMn04/H2S04- > No change in colour as 

hydrogen Purple coloured reduction does not occur 

solution 

+ Zn pieces 

(Zn+dil. H 2 SO 4 -> Hydrogen liberated) 

Decolourisation occurs, 
i.e., liberated hydrogen 
reduces acidified KMn04 

It is believe that a part of energy liberated in the reaction 
producing hydrogen become associated with hydrogen 
molecules and thus make them hyper active. 

^ (b) Atomic Hydrogen 

When hydrogen is p^sed through an electric arc established 
between two tungsten filaments, hydrogen is dissociated into 
atoms. This form of hydrogen is known as atomic hydrogen. 



Crack to be welded 


Fig. 5.6 Atomic hydrogen welding torch 


The life period of atomic hydrogen is 0,3 second. It re^ly 
returns to ordinary form. This conversion is highly exothermic 
and used for welding purposes. This form of hydrogen is more 
active than ordinary hydrogen. 

Note : (i) Atomic hydrogen can be produced at very high temperatures 
but nascent hydrogen is formed even at ordinary temperature, 
(ii) The reducing power of atomic hydrogen is more than nascent 
hydrogen. 

'S (c) Ortho and Para Hydrogen 

Hydrogen mol^ule is diatomic, ie, it contains two hydrogen 
atoms. Each atom has one proton in the nucleus with an 
electron moving around it. Like electron, the proton is also 
spinning about an axis. Two protons in &e hydrogen molecule 
may have either their spins in the same direction or in op|X)site 
directions giving rise to two forms ortho and para. When the 
proton spins are in the same direction, the form is termed as 
ortho hydrogen and when the proton spins are in the opposite^ 
directions, the form is known as para hydrogen. 



Ortho Hydrogen Para Hydrogen 

Fig. 5.7 Ortho and para hydrogen 


Ordinary hydrogen is a mixture of these two foims. Ordinary 
hydrogen consists of 75 % ortho and 25 % para under ordinaiy' 
atmospheric conditions. At very low temperature say about 
20 K, 99 . 82 % para and only 0 . 18 % ortho is present but as the 
temperature rises, the percentage of ortho form increases while 
that of para form decreases reaching to a limiting ratio 75 % 
ortho and 25 % para under ordinary atmospheric conditions. 
This shows that intrinsic energy of ortho form is higher than 
para form. 

The two forms differ in their physical properties like specific 
heat, thermal conductivity, boiling point, etc., but show similar 
chemical properties. Ortho form is more stable than para form. 
Pure para form can be obtained at low temperature (20 K) but 
pure ortho form is veiy difficult to obtain. 

5 .^ ISOTOPES OF HYDROGEN 

There are three known isotope^,of hydrogen, each possessing 
an atomic number 1 and atomi^rmasses 1,2 and 3 res^tively, 
these are named as protium^ deuterium and tritium. 

(a) The most common is the ordinary hydrogen usually 
called pn)tium with atomic mass L(X) 8123 . It consist of one 
proton in the nucleus arid an electron revolving around it. This 
isotope constitutes 99.984 per cent of the total hydrogen 
available in nature. It is represented as |H. 

(b) The second isotope of hydrogen is called hemy 
hydrogen or deuterium. It consists of one proton and one 
neutron in the nucleus and an electron revolving around it. Its 
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atomic mass is 2 . 0142 . It constitutes only 0.016 per cent of 
the total hydrogen occurring in nature. It p represented by the 
symbol D or fk. 

(c) The third isotope of hydrogen is'^'called tritium. It 
consists of one proton and two neutrons in the nucleus and an 
election revolving around it Its atomic mass is 3 . 0170 , It 
constitutes 1 x 10"^^ per cent of the total natural hydrogen. 
Unlike the above two isotopes, this isotope is unstable and 
shows radioactivity. It is represented by the symbol T or |H. 


Protium Deuterium Tritium 



Fig. 5.8 Isotopes of hydrogen 

The three isotopes have same chemical properties as they 
have same electronic configuration 1 . Their physical properties 
are, however, different due to differences in thek atomic masses. 
The atomic structures of three isotopes am shown in Fig. 5 . 8 . 
Owing to different masses, the rates with which the three isotopes 
react are different. This type of difference in properties due to 
difference in atonoic masses is called isotopic effect. 

Since, the percentages of deuterium and tritium present in 
natural hydrogen are very small, the properties of ordinarily 
hydrogen are mainly due to protium. Some of the important 
points regarding the three isotopes are tabulated below: 


Property 

Protium 

or 

ordinary 

hydrogen 

Deuterium 
or heavy 
hydrogen 

Tritium 

Atomic number 

1 

1 

1 

Ma§|, number 

1 

2 

. 3' . 

Exact atomic mass 

1.008123 

2.0142 

3.0170 

Symbol 

iH 

Ih or jD 

or 

Molecular formula 

Hi 

D2 

Ti 

No. of protons in the nucleus i 

1 

. 1 

1 

No. of neutrons in the nucleus 

Nil 

1 

2 

No. of electrons 

1 

1 

1 

Electronic coilfiguratibn 

Is' 

Is^ 


Relative abundance 

‘99.984%, 

0.016% 

10''^% 

Stability 

Stable 

Stable 

Unstable 




(Radioactive) 


HEAVY HYDROGEN OR DEUTERIUM 


w Preparation 

There are two sources from which deuteiium can be obtained 
(i) Ordinary hydrogen, (ii) Heavy water. ^ . 


(i) Separation from ordinary hydrogen : 

(a) From liquid hydrogen : Deuterium was obtained 
by Urey and his co-workers by the evaporation of liquid 
hydrogen near its triple point 13.9 K under reduced pressure. 
4 litres of liquid hydrogen are concentrated to 1 mL. The 
resulting liquid is found to be rich in deuterium. 

Cb) By diffusion : Deuterium can be separated from 
ordinary hydrogen by the application of diffusion method. 
Protium being lighter diffuses more readily than deuterium. 
The diffusion is carried out under reduced pressure. This 
method is slow and tedious but produces pure deuterium. 

(c) By adsorption on charcoal : It is observed that 
protium, the lighter isotope, is adsorbed more readily and more 
strongly on charcoal. Thus, the ordinary hydrogen is passed 
over charcoal kept at liquid air temperature, most of the lighter 
isotope gets adsorbed and the fraction richer in deuterium 
passes out unchanged. 

(11) Preparation from heavy water 

Ordinary water contains about one part of heavy water in 
6000 parts of ordinary water. Heavy water is obtained from 
ordinary water by continuous electrolysis method in which 20 
litres of water reduced to 1 naL. Now-a-days, heavy water is 
the important source of deuterium. The following methods can 
be used for the preparation of deuterium from heavy water. 
These methcKls can be even used in laboratory. 

(a) By action of sodiuilt : A pure sample of deuterium 
is obtained by the action of sodium on heavy water. 

2 Na + 2D2O = 2 NaOD + D2 

Sodium 

deuteroxide 


(b) By using red hot iron or tungsten : Gaseous 
deuterium may be prepared by decomposing heavy water with 
red hot iron or heated tungsten, 

4 D 20 (vapours) + 3 Fe (red hot) = Fe304 + 4D2 

3D2O + W WO3 + 3D2 

Vapours Heated 
electrically 

The WO3 formed distills over at the working temperature, 
exposing a fresh surface for further oxidation. 

(c) By electrolysis : The solution of sodium carbonate 
(anhydrous) in heavy water on electrolysis between nickel 
electrodes yield deuterium on cathode. 


2D2O 


Electrolysis 


^2D2+02 


Properties of Deuterium 

(a) Physical Properties: (i) It is a colourless, 
odourless and tasteless gas. It is insoluble in water, (ii) It is 
bad conductor of heat and electricity, (iii) Its density is twice 
that of ordinary hydrogen. The density at NTP is 0.18 g/lit. 
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(iv) The atomicity like ordinary hydrogen is 2 and its molecule 
is diatomic (D2). (v) The various physical constants are 
tabulated below: 


Property 

Deuteriuin 

Hydrogen 
or protium 

1. Boiling point C^C) 

-249.5 

-252.6 

2. Melting point CC) 

-254.5 

-259.1 

3. Latent heat of fusion (cal/niole) 

52.3 

28.0 

4. Latent heat of vaporisation 
(cal/mole) 

293.0 

216.0 

5. Dissociation energy (kcal/mole) 

104.5 

102.5 

6 . Density at NTP (g/L) 

0.18 

0.09 


The physical constants of deuterium are somewhat higher 
than protium. 

(vi) The deuterium molecule, like hydrogen, also exists in 
ortho and para forms. At ordinary temperature, it is a mixture 
of 2 parts of ortho and 1 part of para. 

(b) Chemical Properties : Chemically deuterium is 
similar to ordinary hydrogen. It enters all the reactions 
characteristic of the ordinary hydrogen and forms completely 
equivalent compounds. However, it reacts slowly and less 
completely than ordinary hydrogen due to heaviness. 

(I) Burning: Like hydrogen, it bums in air or oxygen, 
forming deuterium oxide, D2O (heavy water), 

2D2 + O2 2D2O 


(ii) Aetioii witti halogens : It reacts with halogens under 
suitable conditions to form deuterium halides which are similar 
to the halogen hydracids. 


D2 + F2 


In dark 




D2 + CI2 
D2 + Br 2 


At low temp, 
In light 


2 DF 

Deuterium fluoride 


Heating 


^ 2 DC 1 

Deuterium chloride 

^ 2 DBr 

Deuterium bromide 


(iii) Combination with nitn^en: Deuterium combines 
with nitrogen in the presence of a catalyst to form heavy 
ammonia. 


3D2+N2 


Catalyst 


^ 2ND3 

Deutero ammonia 


m Deuterium is occluded by metallic surfaces mom slowly 
than hydrogen. 

(v) Acttffliwifliiimaturatedhydbocarbmis: Deuterium 
reacts more slowly with unsaturated hydrocarbons in presence 
of a catalyst. 


CH2 

CH2D 

II +D2 

Ni 1 

260°C^ 1 

CH2 

CH2D 

Ethene 

Deutero ethane 


(vi) Action with m^als: It combines with alkali and 
alkaline earth metals at higher temperatures. The compounds 
are similar to corresponding hydrides. 


2 Na + D2 2 NaD 

Sodium deuteride 

Ca + D2- > CaD2 

(vil)Exch reactions: In a number of reactions, 
deuterium occupies the place of hydrogen in an ion or a molecule. 
The exchange reactions usually occur in presence of a catalyst 
like platinum black, finely divided nickel, palladium, etc. 

H2O + D2 ^ ) D 20 + H2 
200° C 

2NH3 + 3D2 2ND3 + 3H2 

CH4 + 2D2 CD4 + 2 H 2 

^ Deutero 
methane 

H2 + D2 .— ■■■■ > 2 HD 

Deutero hydrogen 

A number of compounds am known in which ordinary 
hydrogen h^ been replaced by heavy hydrogen, e.g., DNG37- 
D2SO4, D3PO4 and also die organic compounds such as DCN, 
CH3COOD, C2D2, C^D^, etc., are formed. 

@ Uses 

(i) It has been widely used for the preparation of deutero 
compounds. 

(ii) Deuterium and its compounds are used as tracers in the 
study of mechanism of chemical reactions and biological 
systems. 

(iii) One of the most important use of deuterium is as a 
bombarding agent in the artificial transmutation of elements. 

For Example, 

iiNa + ^H -> nNa + |h 

i|0 + iH -> + 2He 

12 c + iH -> 

lu + ^iH -> fLi + 

(iv) It is osed in fusion reactions, in hydrogen bombs. 

|h + jH-^ 2He + ^ + energy 

TRITIUM or ft) 

Tritium is the isotope of hydrogen having mass 3 . The existence 
of this isotope was confirmed by Bleakney and Gould in 1934 , 
by spectrometric studies on samples rich in deuterium. It occurs 
in ordinary hydrogen in very minute quantity, Le.J parts are 
present in 10 ^ parts of ordinary hydrogen. Its oxide, T2O, is 
present in water in extremely minute traces and, therefore, its 
recovery either from ordinary hydrogen or ordinary water is 
not possible. Artificial transmutation reactions or nuclear 
reactions are used to produce tritium in very small quantities: 

(a) Oliphaut, Harteck and Rutherford ( 1934 ) prepared 
tritium by bombarding deuterium compounds with high energy 
deuterons. 

fjj 2jj-^ 3 pj ^ Ijj 
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(b) Tritium is produced by a uumter of nuclear reactions. 

iBe + > |Be + 

“b + y -> |Be + ]H 

fu + on-> 2He + iH 

(Slow) 

This is probably the best nuclear reaction of obtaining 
pitium. 

M Prop@rtles 

It is a gas. It boils at “248, FC and free^^s at“252,4°C. It 
is diatomic in nature. It is radioactive in nature. It undergoes 
a P~ray change. It’s half life period is 12.4 years. 

\t -> aHe + _ie 

Chemically it is similar to ordinary hydrogen. 

M Uses 

It is used in several tracer experiments. It is used in fiision 
reactions when large amount of energy is released. 

\h + iH-> aHe + !« + energy 


Physical constants of Hz, Dz and Tz 


Property 

Protium (Hi) 

0 

1 

1" 

TWtium (T 2 ) 

Boiling point (®C) 

-252.6 

^249.5 

-248.1 

Melting point (°C) 

-259.1 

^254.5 

-252,4 

Density at NTP (g/L) 

0.09 

0.18 

0.27 

Enthalpy of fusion 
(kJ mor‘) 

0.117 

0.197 

0.250 

Enthalpy of vapo¬ 
risation (kJ moF^) 

0.904 

L226 

1.393 

Enthalpy of disso¬ 
ciation (kJ moF^) 

435.88 

443.35 

446.9 


Constants are in increasing order 


S.tg HEAVY WATER OR 

DEUTERIUM OXIDE (D 2 O) 

The credit for the discovery of heavy water goes to Urey who 
first proved that ordinary water contains one part of heavy 
water in 6000 parts of it. Lewis and Donald, in 1933, were 
able to isolate few millilitres of pure D 2 O by continuous 
electrolysis of water containing alkali. 

^ Preparation 

Heavy water is prepared by following methods: 

(i) By fractional distillation of ordinary water: 

The boiling points of ordinary water (H 2 O) and heavy water 
(D 2 O) are 100°C and 101.42''C, respectively. Since, the differ¬ 
ence in boiling points is very small, the fractional distillation of 
ordinary water is done in a v^ long fractionating column (13 
metre long) and the prcx^ess is repeated several times. The lighter 


fraction (H 2 O) is distilled first while the heavier fraction (D 2 O) 
is left behind. The heavier fraction bo^omes richer in D 2 O. 

(ii) By fractional freezing : The freezing pointe of 
ordinary water and heavy water are and 3.82°C, respec¬ 
tively. Thus, the two materials are separated by fractional 
freezing. The process is repeated several times. 

(iif) Taylor, Eyring and Frost method : (Multistage 
electrolysis of ordinary water): Heavy water is mainly prepared 
by this method these days. The method is based on continuous 
and prolonged electrolysis of ordinary water containing NaOH. 


Gases 


Steel cell 
(cathode) 

Water 

Nickel 
(anode) 

Fig« 5,9 Electrolytic cell for the preparation of heavy water 

The cell used in this method is shown in Fig. 5.9. The cell 
dimensions are 45 cm long and 10 cm in diameter. It is made 
of steel. The cell itself acts as a cathode while a perforated 
cylindrical sheet of nickel acts as the anode. The electrolysis 
is completed in seven stages and in actual practice a number 
of electrolytic cells are used. 

Properties of Heavy Water 

Physical Properties : (a) Heavy water is a colourless, 
odourless and tasteless mobile liquid, (b) Nearly all the physical 
constants are higher than the corresponding values of ordinary 
water. The comparison of physical constants is tabulated below : 


Phyrical Property 

H 20 

D 2 O 

Maximum density (g/mL) 

LOO at 277 K 

1.1073 at 284.6 K 

Melting point 

O'^C or 273 K 

3.82X or 276.82 K 

Boiling point 

100°C or 373 K 

101.42 or 374.42K 

Sp^ific heat 

l.OOcal/gK 

1.01 cal/g K 

Latent heat of fusion 

79.7 cal/g 

75,5 cal/g 

Latent heat of vaporisation 

539 cal/g 

557 cal/g 

Viscosity at 20°C 

10.09 millipoise 

.12.6 millipoise 

Surface tension at 20°C 

72.8 dynes/cm 

67.8 dynes/cm 

Dielectric constant 

78.39 

78.06 

Solubility of NaCl (per lit.) 

359 g 

305 g 

Molecular mass 

18.016 

20.03 

Dissociation constant or ionic 
product at 25°C 

1.0 X 

0.3 X 
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Chemical Properties : Heavy water is chemically 
similar to ordinary water. However, D2O reacts more slowly 
than H2O in chemical reactions. 

(a) Action with metals: D2O reacts with alkali and 
alkaline earth metals liberating heavy hydrogen. 

2D2O -I- 2 Na-> 2 NaOD + D2 

Sodium 

deuteroxide 

2D2O + Ca-> Ca(OD)2 + D2 

Calcium 

deuteroxide 

Vapours of heavy water are decomposed by hot metals like 
Zn, Fe, etc* 

D2O Hh Zn-^ ZnO + O2 

4D2O + 3 Fe-> Fe304 + 4D2 

Magnetic 

oxide 

(b) Action with metallic o^ddes: D2O reacts slowly 
with basic oxides to form heavy alkalies. 

NaaO + D2O-> 2 NaOD 

CaO + D2O-> Ca(OD)2 

(c) Action with non-metallic oxides: D2O reacts slowly 
with acidic oxides to form deutero acids. 

N2O5 + D2O-> 2DNO3 

Deutero nitric 
.acid 

P2O5 + 3D2O—> 2D3PO4 

Deutero 
phosphoric acid 

SO3 + D2O- > D2SO4 

Deutero 
sulphuric acid 

(d) Action with metallic carbides, phosphides, nitrides, 
arsenides, etc.: Like H2O, heavy water reacts with carbides, 
phosphides, nitrides, arsenides, etc., to form corresponding 
deutero compounds. 

CaCa + 2D2O-> Ca(OD)2 + C2D2 

Deutero acetylene 

AI4C3 + I2D2O-> 4 A 1 ( 0 D )3 + 3CD4 

Deutero methane 

MgsNa + 6D2O —^ 3Mg(OD)2 + 2ND3 

Deutero ammonia 

AIN + 3 D 2 O-> A1(0D)3 + NDs 

Deutero ammonia 

Ca 3 P 2 + 6 D 2 O-> 3 Ca(OD )2 + 2 PD 3 

Deutero phosphine 

Na3As + 3D2O-> 3 NaOD + ASD3 

Deutero ai^ine 

(e) Electrolysis: A solution of heavy water containing 
Na2C03 when electrolysed evolve heavy hydrogen at cathode. 

Electrolysis 

2D2O ^ 21)2 *1" O2 

(Cathode) (Anode) 

(f) Exchange reactions: When compounds having labile 
hydrogen react with heavy water, hydrogen is exchanged by 
deuterium partially or completely. 


NaOH + D2O 5=^ NaOD + HDO 
HCl(a^) + D2O ^ DCl + HDO 
NH4CI (a^) + 4D2O ^ ND4CI + 4 HDO 

(g) Deutero-hydrates: Heavy water like ordinary 
water may be associated with salts as water of crystallisation, 
giving deutero-hydrate, e.g., Na2SO4*10D2O, CuS04-5D20, 
MgSG4-7D20, etc. 

(h) Deuterolysis : Water brings hydrolysis of certain 
inorganic salts. D2O gives similar reactions which are termed 
deuterolysis. 

AICI3 + 3D2O->A1(0D)3 + 3 DC 1 

Aluminium Deuterium 

deutero chloride 

hydroxide 


+ 2D2O-^ Bh(OD)2 

Barium deutero Deuterium 
hydroxide sulphide 

(i) Biolt^cal and physiological effects : It has been 
established that heavy water of high concentration retards the 
growth of plants and animals. It has been confirmed by Lewis 
that tobacco seeds do not grow in heavy water. Pure heavy 
water kills small fishes, tadpoles and mice, when fed on with it. 

Taylor has shown that heavy water has germicide and 
bactericide properties. Water containing small quantity of D2O 
acts as a tonic and stimulates vegetMe growth. Certain moulds 
have been fpund to develop better in heavy water in comparison 
to ordinary water: 


Uses 

The* following are the important uses of heavy water : 

(i) As a neutron moderator : Fission in uramum -235 is 
brought by slow speed neutrons. The substances which are 
used for slowing down the speed of neutrons are called moder-« 
atoiB. Heavy water is used for this purpose in nuclear reactors. 

0i) For the preparation of deutenum : Heavy water on 
electrolysis or by its decomposition with metals produces 
deutenum. 

(iii) As a tracer compound : Heavy water is commonly 
used as a tracer compound for studying various reaction 
mechanisms. It has also been used for studying the structure 
of some oxyacids of phosphorus such as H3PO2 and H3PO3 
as to determine the number of ionisable hydrogen atoms. 

Production in bidia : Various units have been set in India 
to manufacture heavy water. These are situated at Nangal, 
Trombay, Rourkela, Nanmip and Neyveli. 



WATER 


Water is one of the most plentiful and readily available of all 
chemicals. Almost three^fourth of the earth’s surface is covered 
with water. It is essential to life. Two-third of the human body 
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is water. It has special importance to a chemist because of its 
ability to dissolve so many other substances. As a result, water 
serves as a medium in which a great variety of chemical 
reactions occur. Although it is most often perceived as a liquid 
at normal atmospheric pressure, water exists as a solid below 
0 °C and as a gas above 100 °C. The terms ice and steam are 
used to describe the solid and gaseous states of water. 

m Properties of Pure Water 

(a) Physical Properties : (i) Pure water is colourless, 
tasteless and odourless. It gives bluish tinge in thick layers, 
(ii) It fieezes at 0 °C and boils at 100 °C. (iii) Its maximum 
density is 1.00 gcm“^ at 4 °C. (iv) It is a polar molecule and 
has V-shaped structure. The bond angle is 104 . 5 °. (v) It has 
a high dielectric constant. The polar character of water makes 
it an excellent solvent for polar and ionic substances, (vi) It is 
a poor conductor of electricity, (vii) It has the tendency to 
associate. It exists in the liquid state not as a single H2O 
molecule but as associated molecules through hydrogen bonding 
[Fig. 5 . 11 (b)]. The existence of hydrogen bonding is responsible 
for high values of speci% heat, the latent heat of fusion and 
latent heat of vaporisation. 


Physical Constants of Water 


M.pt./K 

273.0 

B.pt./K 

373,0 

Enthalpy of formation/kJ moF^ 

-285.9 

Enthalpy of fusion/kJ moF^ 

6.01 

Enthalpy of vaporisation/kJ moF* 

40,06 

Viscosity (centipoise) 

0.89 

Dielectric constant 

78.39 

Density (g cm"^) 

1.00 

Temp, of max, density (K) 

276.98 


(b) Ch^ical Propatira: (i) Water is neutral in nature. 
pH of the pure water is 7 , It is a weak electrolyte and feebly 
ionises into H'*' and OH“ ions. 

H2O + oir 

In pure water [H*] = [OIT] = 1 ()"^ at 25 °C. 

(H) It reacts with active metals and evolves hydrogen. The 
reaction is exothermic in the case of alkali and alkaline earth 
metals. 

2 Na + 2H2O-> 2 NaOH + H2 

Ca + 2H2O-> Ca(OH)2 + H2 

It is decomposed by metals like Zn, Mg, Fe, etc., when 
steam is passed over hot metals. 


Zn + H2O -—^ ZnO + H2 

3 Fe + 4H2O-> Fe304 + 4H2 

Mg + 2H2O-> Mg(OH )2 + H2 

Pb and Cu decompose water only at a white heat. Ag, Au, 
Hg and Pt metals do not decompose water. 

(iii) Reaction with nonmetals : Fluorine decomposes 
cold water. 

2F2 + 2H2O-> 2H2F2 + O2] 

i Ozonised oxygen 
3F2 + 3H2O-> 3 H 2 F 2 + 03J 

Chlorine decomposes cold water forming HCl and HCIO. 
a 2 + H 20 ->HC 1 + HCIO 

Hypochlorous 

acid 

However, in presence of sunlight only HCl is formed with 
liberation of oxygen. * 

Sunlight 

2CI2 + 2H2O -> 4 HC 1 + O2 - 

When steam is passed over red hot coke ( 10 () 0 °C), water 
gas is formed. 

C + H2O-> CO + H2 

Water gas 

(iv) Action m nonmetallic oxides: Acidic oxides 
combine with water to form acids. 


CO2 + H2O 

^ H2CO3 

(Carbonic acid) 

SO2 + H2O - 

—^HsSOs 

(Sulphurous acid) 

SO3 + H2O— 

—> H2SO4 

(Sulphuric acid) 

P2O5 -h 3H2O- 

—> 2H3PO4 

(Qrthophosphoric acid) 

N2O5 + H2O- 

—>2HN03 

(Nitric acid) 

CI2O7 + H2O - 

— >mao 4 

(Perchloric acid) 


(v) Action on metallic oxides : Basic oxides combine 
with water to form alkalies. 

Na20 + H20-> 2 NaOH 

CaO + H2O-> Ca(OH)2 

(vi) Action on hydrides, carbides, nitrides, phoqihides : 

Water decomposes these compounds with liberation of 
hydrogen, acetylene (or metham), ammonia, phosphine 
respectively. 

CaH2 + 2H2O-> Ca(OH)2 + 2H2 

CaC2 + 2H2O-> Ca(OH)2 + C2H2 

AI4C3 + I2H2O-> 4A1(0H)3 + 3CH4 

Mg3N2 + 6H2O-> 3Mg(OH)2 + 2NH3 

Ca3P2 + 6H2O —^ 3Ca(OH)2 + 2PH3 
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(vii) Hydrolysis : Many salts specially the salts of strong 
bases with weak acids, weak bases with strong acids and 
weak bases with weak acids undergo hydrolysis with water. 

CH3COONa + H2O CH3COOH + NaOH 
CH3COONH4 + H2O ^ CH3COOH + NH4OH 
FeS04 + 2H2O ^ Fe(OH)2 + H2SO4 

Some salts on hydrolysis form oxy compounds. 

BiCl3 + H 20 -> BiOCl + 2 HC 1 

Bismuth 

oxychloride 

SbCl3 + H2O-> SbOCl + 2 HC 1 

Antimony 

oxychloride 

Halides of nonmetals are decomposed by water. 

PCI5 + 4H2O-> H3PO4 + 5 HC 1 

PGI3 + 3H2O-> H3PO3 + 3 HC 1 

SO2CI2 + 2H2O-> H2SO4 + 2 HC 1 

SiCU + 3H2O-> H 2 Si 03 + 4 HC 1 

(viii) Decomposition : Water containing either alkali or 
acid when electrolysed gets decomposed into H2 and O2. 

2H2O->2H2 + O2 

When heated at 2500 °C, it breaks up into hydrogen and 
oxygen to a small extent ( 4 %). 

(ix) Water of crystallisation : It combines with many 
salts during crystallisation to form hydrates, e.g,, 

CuS 04 * 5 H 20 ; MgS 04 * 7 H 20 ; FeS 04 - 7 H 20 

The water present in the hydrates is called water of hydration 
or water of crystallisation. 

The hydrates can be classified into the following three 
categories: 

(a) Water molecules are coordinated to the central metal ion 
to form complex ions. For example, in chromic chloride 
hexahydrate, the six molecules are hnked to the central Cr^'*' 
ion, [Cr(H20)6]Cl3. 

(b) Water molecules are linked to some oxygen containing 
anions by hydrogen bonding. For example, in CuS04*5H20, 
four H2O molecules are coordinated to the central Cu^'*' ion 
while the fifth H2O molecule is linked to S04~ ion by hydrogen 
bonding. 

(c) Water molecules are present in interstitial sites or voids 
in the crystal lattice. For example, in barium chloride dihydrate, 
BaCl2-2H20, the two water moelcules occupy the voids in the 
crystal lattice. 

(x) Water as a catalyst: Water acts as a catalyst in 
many reactions. Perfectly dry gases generally do not react but 
the presence of moisture brings the chemical change. 
Ammonia and hydrochloric acid gas combine only in presence 
of moisture. 


K Tests of water 

(i) A drop of water when added to anhydrous copper sulphate, 
changes its colour from white to blue. 

(ii) Water reacts with CaC2 to evolve acetylene which bums 
with bright flame. 

B Structure of Water Molecule 

Oxygen atom in water molecule is sp hybridized, four 
hybrid orbitals directed towards the comers of a tetrahedral 
are formed. Two of the hybrid orbitals having one electron 
each overlap with two hydrogen atoms and form two sigma 
bonds. Thus, the molecule has a bent structure with a bond 
angle of 104 . 5 ® (Fig. 5 . 10 ) . The bond angle is less than the 
expected angle in tetrahedron due to the presence of two lone 
pairs of electrons on two uncombined hybrid orbitals which 
repel each other and the bonded pairs cause them to come 
closer and thereby reducing the bond angle from 109 ® 28 ' to 
104 . 5 ®. Because of high electronegativity of oxygen, the 
O—bonds are polar, i.e,y oxygen is partially negatively charged 
and each hydrogen is partially positively charged. The molecule 
is polar and possesses dipole moment ( 1.84 D). Molecules are 
linked with each other by hydrogen bonding [Fig. 5.11 (b)]. 

2 s 


3 

sp hybridization 



; Rxamp lg! 2 . Explain, why the density of ice is less than 
water? or why there is decrease in volume when ice melts ? 

Scdutim : In ice each molecule of H2O is surrounded by 
three H2O molecules in hexagonal honey comb manner as 
shown in Fig. 5.11 (a). On the other hand in water, each 
molecule is surrounded by four neighbouring molecules 
randomly [Fig. 5.11 (b)]. This arrangement gives rise to an 
open-cage like structure. There are evidently, a number of 
‘holes’ or open spaces. In such a structure lesser number of 
molecules are packed per mL. When ice melts a large number 
of hydrogen bonds are broken. The molecules, therefore, move 
into the holes or open spaces and come closer to each other 
than they were in solid state. This results sharp increase in the 
density. Thus, ice has lower density than water and there is 
contraction in volume. The contraction continues from 0 ®C to 


0 -atom Ti 


2 p 


n T' T 
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4 ®C as the hydrogen bonds are broken progressively. The 
density of water is maximum at 4 ®C. 



Fig. 5.11 (a) Hexagonal honey comb structure of te. In ice 
each molecule of H 2 O is surrounded by three neighbouring 
H 2 O mol^ules (b) In water, each H 2 O molecule is surrounded 
by four neighbouring H 2 O molecules randomly 

HARD AND SOFT WATER 

A water is said to be the soft if it produces sufficient lather 
with the soap and water is described as being hard if it forms 
an insoluble scum before it forms a lather with soap*. The 
hardness of natural water is generally caused by presence of 
the bicarbonates and sulphates of calcium and magnesium but 
infact all soluble salts that form a scum with soap cause 
hardness. 

Ce?\aq) + ICnHgsCOOlo^)-> (CnHjsCOOjCa 

Mg^^(aq) + 2Ci7H35COO-(fl^)-> (CiTHgsCOOaMg 

Anion of soap Insoluble precipitates 

Soap will not produce lather with water until all the calcium 
and magnesium ions have been piecipitated. Hard water thus 
wastes soap. Hardness of water is of two types: 

(a) Temporary hardness 

(b) Pmnanent hardness. 

(a) Temporary Hardness 

This is due to the presence of bicarbonates of calcium and 
magnesium. Rmn water dissolves small quantities of CO2 from 
the atmosphere forming a very dilute solution of carbonic acid. 
This water attacks calcium and magnesium carbonates in any 
rocks over which it flows and the soluble hydrogen carbonates 
o^. bicarbonates are formed. 


CaCOs + H2O + CO2 = Ca(HC03)2 

Temporary hardness in water is easily removed by boiling, 
as the bicarbonates decompose readily and the in^luble 
carbonates are precipitated. 

Ca(HC 03)2 -^CaC03 + H2O + CO2 

(Insoluble) 

Mg(HC03)2 MgCOg + H2O + CO2 

(Insoluble) 

Temporary hardness can also be removed by Clark’s process 
which involves the addition of slaked lime [Ca(OH)2]. 

Ca(HC03)2 + Ca(OH)2 —> 2CaC03 + 2H2O 

(Insoluble) 

Mg(HC 03)2 + 2Ca{OH)2-> 2CaC^ Mg(0^+ 2 H 2 O 

(Insoluble) 

It is essential to add only the calculated amount of Ca(QH)2 
because excess will cause artificial hardness. 

(b) Permanent Hardness 

Permanent hardness is introduced when water passes over 
rocks containing the sulphates or chlorides of both of calcium 
and magnesium. This type of hardness cannot be removed by 
boiling or by the addition of slaked lime. Many substances are 
used for the removal of this type of hardness. The substances 
used to remove the hardness of water are known as water 
softeners. The various water softeners are: 

(i) Washing soda: It removes both the temporary and 
permanent hardness by converting soluble calcium and 
magnesium compounds into insoluble carbonates. 

CaCl2 + Na2C03 = CaCOs + 2 NaCl 

CaS 04 4 - Na 2 C 03 = CaC 03 4 Na 2 S 04 

Ca(HC 03)2 4 Na 2 C 03 = CaCOa 4 2 NaHC 03 

(Insoluble) (Soluble) 

In place of sodium carbonate, caustic soda or sodium 
phosphate can also be used. 

MgCl2 4 2 NaOH-> Mg{OH)2 4 2 NaCl 

(Insoluble) 

3MgS04 + 2 Na 3 P 04 -> Mg 3 (P 04)2 + 3Na2S04 

(Insoluble) 


♦Ordinary soap is the sodium salt of fatty acids. It is used as cleaning agent. The basis for cleaning action of soaps is that they contain a long 
hydrocarbon chain with an ionic group at one end. 


CH3CH2..... 

Long hydrocarbon chain 


^ 0 “Na^ 
Ionic group 


The ionic group is water soluble and the hydrocarbon group is oil soluble. The dirt particles are usually oil containing. As a consequence the 
hydrocarbon end of the soap is attach^ to and dissolve in the dkt particles, leaving the ionic end exposed to water. The net effect is to make the dirt 
particle disperse in the water as a stable emulsion and thus remove it from the object to be cleaned. 
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(ii) Permutit: Permutit is the technical name given to 
certain hydrated silicates of aluminium and sodium. It is obtained 
by fusing sodium cartonate, china clay, silica or quartz. The 
product is washed with water to remove soluble portion. The 
remaining crystalline mass sodium aluminosilicate or sodium 
zeolite (Na2Al2Si208*JcH20) is technically called as permutit 
The sodium ions of permutit are exchanged with calcium and 
magnesium ions, removing the harness of the water, when 
hard water is passed through it (Fig. 5 . 12 ). 

Na2Al2Si208*Jk:H20 + Ca^^-> CaAl2Si20g‘:rH20 + 2Na^ 

sodium aluminosilicate Calcium aluminosilicate 

(Permutit) Or or 

MgAl2Si208-xH20 
Magnesium aluminosilicate 

These ions can be le-exchanged by treating it with brine 
(NaCl) solution. 

CaAl 2 Si 20 g‘.xH 20 + 2 NaCl-> Na 2 Al 2 Si 20 g*xH 20 4 * CaCl2 

This method is useful for the removal of both temporary 
and permanent hardness of water. 



Fig. 5.12 The exchange of one type of ions 
in a solution by another 

(iii) Calgon : The complex salt of metaphosphoric acid, 
sodium hexametaphosphate (NaP03)5, is known as calgon. It is 
represented as Na2[Na4(P03)6]. Calcium and magnesium salts 
present in hard water react with calgon to give complex salts. 

2CaS04 + Na2[Na4(P03)6]-> Na2[Ca2(P03)6] + 2Na2S04 

2MgS04 + Na2DNa4(P03)6]-> Na2[Mg2(P03)6] + 2Na2S04 

This method is especially used softening water for boiler 
use. 

(iv) By ion exchange rmm : Ion exchange resins are 
the most popular water softeners these days. These resins are 
synthetic substances. The cation exchanger consists of granular 
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insoluble organic acid resin having giant molecules with 
5O3H or —COOH groups while the anion exchanger contains 
giant organic molecules with basic groups derived from amines. 
Ion exchange resins remove all soluble minerals from water. 
The hard water is first passed through a bed of cation exchanger, 



which removes the cations like Na”^, Mg^“^, Ca^^ and others by 
exchanging with ions. 

IRU + -> (/?)2Ca + 2ir 

Resin 

The water coming from cation exchanger is acidic on 
account of free H'*’ ions. This water is then passed through another 
bed containing anion exchanger. This exchanger removes 
anions like CF, SOl”, NO3 by exchanging with OH“ ions, 
i?—NH3OH + CF-> /?—NH3CI + OBT 

Resin 

The OH” ions neutralise ftie H”^ ions. 

H'' 4 . 0 H" = H20 

This process gives dIstDIed water and can be used in 
laboratories. 

The cation exchanger is regenerated by the action of an 
acid and the anion exchanger is regenerated by pouring a 
solution of a suitable sodium salt through it. 

^ Disadvantages of Hard Water 

(I) In domestic use : Water is required for cooking, 
bathing ^d washing of clothes, etc., in our daily life. Hardness 
upto 100 to 150 ppm in water is tolerable, but if the hardness 
is more than this, the water is not suitable for domestic use. 
Pulses and vegetables do not cook well in hard water. Hard 
water spoils the lustre of utensils. Scales are formed in cooking 
vessels which cause wastage of fuel and cleaning of the vessels 
becomes difficult. 

Hard water is not fit for bathing as it does not produce 
sufficient lather with soap. It makes the skin‘ dry. Hard water 
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is unfit for laundry purposes. There is a considerable loss of 
soap due to formation of insoluble compounds. Yellow stains 
are formed on the clothes if iron salts are present in hard water. 

(II) In indusMal UM : Industries like dyeing, printing 
textiles, sugar, etc., require large quantities of water. Water 
containing iron and manganese salts is unfit for use in dyeing 
and printing textiles because these produce insoluble lakes with 
dyes. 

(III) In boiler use : Water is used in producing steam. 
When hard water is used for production of steam in boilers, 
it presents three main difficulties: 

(a) Formation of scales : It is the deposition of dissolved 
minerals in the form of crust within the boiler shell. The 
crust is hard and heat insulating. It makes wastage of fuel. 
Sometimes the crust breaks at certain place which leads to an 
accident. 

(b) Common: MgCl 2 present in hard water gets 
hydrolysed with formation of fi-ee HCl. This attacks the metal 
surface of the boiler and thereby shortens its life. 

MgCl2 + H 2 O-> Mg(OH)Cl + HCl 

Corrosion is also affected by the presence of dissolved 
gases like CO 2 , H 2 S, SO 2 , etc., in hard water. Corrosion can 
be prevented by the addition of suitable amounts of alkalies like 
NaOH or Na 2 C 03 . 

(c) Foaming: It is the formation of bubbles on the surface 
of the water in the boiler. This occurs due to the presence of 
suspended particles in water. It causes wastage of fuel. 

s Degree of Hardness 

The degree of hardness is defined as the number of parts 
of calcium carbonate or equivalent to various calcium and 
magnesium salts present in a million parts of water by mass. 

It is expr^sed as ppm. 

Example 3. Find the degree of hardness of a sample of 
water containing 12 mg ofMgS 04 (MoL mass 120) per kg of 
water 

Solution ; 12 mg of MgS 04 is present in 10 g of water. 

Thus, 10® g of water contains = 12000 mg of MgS 04 
120 g MgS 04 s 100 g of CaCOs 

So, 12000 mg of MgS 04 = 10 g CaCOj 

Hardness of water = 10 ppm 

S' SEtbnple 4. One litre of a sample of hard water contains 
1 mg of CaCl 2 and 1 mg ofMgCl 2 - Find the total hardness in 
terms of parts of CaCOj per 10® parts of water by mass. 

Solution: 

Mol. mass of CaCl 2 = 111, Mol, mass of MgCl 2 = 95 

111 grams of CaCl 2 s 1(X) grams of CaCOg 
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1 mg of CaCl 2 = jYi X 1 mg of CaC 03 
= 0.9 mg of CaC 03 

95 grams of MgCl 2 = 100 grams of CaC 03 
im 

1 mg of MgCl 2 = X T mg of CaCOs 
= 1.05 mg of CaC 03 

Thus, one litre of hard water contains (0.9 + 1.05) = 1.95 
mg of CaC 03 

One litre water =10^ grams = 10® mg 
Degree of hardness = 1.95 ppm 


5^ HYDROGEN PEROXIDE 


Hydrogen peroxide was discovered by the French chemist, 
L.J. Thenard, in 1818, by the action of sulphuric acid on 
barium peroxide. It was called oxygenated water. 

It occurs in traces in air, rain, snow, some natural waters 
and juices of certain plants. 


Laboratory Praparation 

(i) From sodium ^roxide ; It is prepared in the 
laboratory by adding small amounts of sodium peroxide to 
ice cold water. 

Na202 + 2 H 2 O-> 2NaOH + H 2 O 2 

In place of cold water, dilute sulphuric acid (20%) can be 
used. Sodium peroxide in small amounts at a time is added to 
cold 20% sulphuric acid. 

Na202 + H2SO4-> Na2S04 + H2O2 

The crystals of hydrated sodium sulphate (Na2SO4-10H2O) 
are removed by cooling the solution. The solution of hydrogen 
peroxide obtained always consists some dissolved sodium 
sulphate. The concentration of H 2 O 2 is about 3%. 

(II) From barium peroxide : Hydrogen peroxide can be 
obtained by adding barium peroxide to dilute sulphuric acid at 
0°C. The reaction between anhydrous barium peroxide and 
sulphuric acid is, however, slow and practically ceases after 
some time due to the formation of a protective coating of 
barium sulphate on barium peroxide. This difficulty can be 
overcome if hydrated barium peroxide is used in place of 
anhydrous barium peroxide. 

Ba02-8H20 + H2SO4 = BaS04 + H2O2 + 8H2O 

The barium sulphate formed is filtered off and a solution of 
H 2 O 2 is obtained. 

The use of sulphuric acid has a disadvantage as it catalyses 
the decomposition of hydrogen peroxide formed. In place of 
sulphuric acid, weak acids like orthophosphoric acid, carbonic 
acid are preferred. Barium peroxide on treatment with 
orthophosphoric acid gives a precipitate of barium phosphate 
and H 2 O 2 which goes into the solution. 
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3Ba02 + 2H3PO4-> Ba3(P04)2 + 3H2O2 

ppt. 

Insoluble barium phosphate is filtered off. The filtrate consists 
of hydrogen peroxide. 

The barium phosphate is decomposed by dilute sulphuric 
acid. 

Ba3(P04)2 + 3H2SO4-> 3BaS04 + 2H3PO4 

BaS04 is removed by filtration and orthophosphoric acid 
is used again. 

(iii) Merck’s proce^ : H2O2 can be obtained by posing 
a current of CO2 through a cold pasty solution of barium 
peroxide in water. 

Ba02 + CO2 + H2O—^ BaCOs + H2O2 

Barium carbonate being insoluble is filtered off. 

« Manufacture of Hydrogen Peroxide 

(i) Auto-oxidation of 2-butyl anthraquinol : This is 
the most recent process for the manufacture of hydrogen 
peroxide. 2 -Butyl anthraquinone is catalytically reduced to 
2-butyl anthraquinol in an organic solvent by passing hydrogen 
in presence of palladium. It is then oxidised by passing air. The 
H2O2 is extracted with water to give about a 20% solution. 
2 -Butyl anthraquinone is reformed which is again used. The 
method, thus, involves alternate oxidation and reduction steps, 
only hydrogen is consmued in this method (Fig 5 . 14 ). 


0 OH 



2-Butyl anthraquinone 2-Butyl anthraquinol 


OzfAir) 



O 


Fig. 5.14 

(u) By oxidation of isopropyl alcohol : This industrial 
method of manufacture of hydrogen peroxide involves the 
oxidation of isopropyl alcohol with oxygen under slight pressure. 
The isopropyl alcohol is mixed with a small amount of H2O2 
and oxygen is passed through at 70 °C. The H2O2 added acts 


as an initiator. The alcohol gets oxidised giving acetone and 
hydrogen peroxide. 

CH3CHOHCH3 -t O2-> CH3COCH3 + H2O2 

Acetone and unreacted isopropyl alcohol distil over leaving 
behind the aqueous solution of hydrogen peroxide. 

(iii) Electrolytic process : In this process, the electrolysis 
of 50 % sulphuric acid is carried out at low temperature using 
platinum electrodes and a current of high density. Peroxy 
disulphuric acid is formed. 

2H2SO4 ^ 2 H^ + 2 HSOi 

2HSO4—^ H2S2O8 + 2 e'' (At anode) 

Peroxy 

disulphuric acid 

Peroxy disulphuric acid is distilled. Hydrolysis occurs and 
a distillate containing about 30 % H2O2 is obtained. 

H2S2O8 + 2H2O-> 2H2SO4 + H2O2 

In place of 50 % H2SO4, ammonium hydrogen sulphate 
dissolved in excess of sulphuric acid can be used for 
electrolysis. 

NH4HSO4 ^ NH4SOi H'" 

At anode 2NH4SOi-> (^4)28208 2 e^ 

Ammonium peroxy 
di sulphate 

At cathode 2 H+ -1- le -> H2(g) 

The solution containing ammonium peroxy disulphate is 
heated at 43 mm pressure when its hydrolysis occurs forming 
hydrogen peroxide. 

(NH4)2S208 -t- 2H2O —^ 2NH4 HSO4 + H2O2 

Hydrogen peroxide along with water distils over. Ammonium 
bisulphate can be used again. This method gives 30 - 40 % 
aqueous solution of hydrogen peroxide. 

D202(Deutero peroxide) can also be prepared by this 
method. 

K2S2O8 -t 2D2O-> 2KDSO4 -1- D2O2 

m Concentration of H 2 O 2 solution 

Hydrogen peroxide obtained by the above methods is always 
in the form of dilute aqueous solution. The concentration of 
this solution is difficult due to explosive nature of hydrogen 
peroxide. The explosive decomposition is catalysed by the 
presence of organic matter and metallic ions. The concentration 
of the aqueous dilute solution having H2O2 is done carefully by 
the application of following steps : 

(i) The dilute solution is concentrated at 60 - 70 °C on a 
water bath. Water being more volatile than hydrogen peroxide, 
a considerable amount of water gets evaporated and the 
concentration of the solution becomes 30 %. It is not advisable 
to concentrate the solution beyond 30 % as there is possibility 
of an explosion by this step. 
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(ii) The above solution is distilled at 35 “ 40 ^C under reduced 
pressure of about 15 mm in the apparatus shown in Fig. 5 . 15 . 
Repeated distillation gives 90 % H2O2. 


Distilling flask 



(iii) Further concentration is achieved by cooling 90 % 
solution with the help of solid CO2 and ether bath till 
crystallisation sets in. Crystals are separated, melted and refrozen 
to get 99 % pure H2O2. 

Storing 

The decomposition of H2O2 is easily catalysed by metals, 
rough surfaces, sunlight, dust particles, glass and alkali. It is 
stored in vessels of pure aluminium or in stone jars in dark. 
Concentrated solutions of hydrogen peroxide are stored these 
days in polythene bottles kept in refrigerators. Small amounts 
of stabilizers such as orthophosphoric acid, acetanilide or 
sodium stannate are added to the solutions to be stored, 

i? Properties of H2O2 

Physical Properties : (i) Pure anhydrous hydrogen 
peroxide is a syrupy liquid. It is colourless but gives a bluish 
tinge in thick layers. It is odourless. 

(ii) Its specific gravity is 1.45 at O'^C. 

(iii) It is soluble in water, alcohol and ether. 

(iv) It has bitter taste. It is injurious to skin (blisters are 
formed). 

(v) It boils at 152 °C and freezes at “ 0 . 89 °C. It begins to 
decompose at boiling point, however, it can be distilled under 
reduced pressure. 

(vi) It is an associated liquid due to hydrogen bonding. 

(vii) The dipole moment of H2O2 is little more ( 2.1 D) than 
that of H2O ( 1.84 D). 

Chemical Properties: 

(i) Stability : It is unstable in nature. It decomposes on 
standing and heating. It is an example of auto oxidation-reduction 
reaction. 

2H2O2 = 2H2O + O2 

The oxidation number of oxygen changes to 0 and -2 
from - 1 . Presence of traces of Mn02, carbon, alkali or finely 


divided metals like Pt, Au, Ag accelerate its decomposition. 
Traces of acid, acetanilide, alcohol or stannates increase its 
stability. 

(ii) Acidic nature : The pure liquid has weak acidic nature 
but its aqueous solution is neutral towards litmus. It reacts 
with alkalies and carbonates to give their corresponding 
peroxides. 

H2O2 + 2 NaOH = Na202 + 2H2O 
H2O2 + Ba(OH)2 = Ba02 + 2H2O 
H 2 O 2 + Na 2 C 03 Na202 + CO 2 + H 2 O 

(iii) Oxidising natui^ : It is a powerful oxidising agent. 
It is an electron acceptor in acidic and alkaline solutions. 

H2O2 + 2 lt + 2 e = 2H2O (In acidic solutions) 
H2O2 + 'le' — 20 H^ (In alkaline solutions) 

ITie reactions are generally slow in acid solutions but fast 
in alkaline solutions. 

Oxidising nature of hydrogen peroxide can be interpreted on 
account of the possession of labile oxygen atom. The potential 
equation for its oxidising nature can be written as, 

H 2 O 2 ->H20 + 0 

The following examples show the oxidising nature of H2O2: 

(a) It oxidises black lead sulphide (PbS) to white lead 
sulphate (PbS04). 

P^202-^ ^ 4 


PbS + 40 ->PbS 04 


PbS + 4H2O2 — 

PbS04 + 4H2O 

(b) It oxidises nitrites to nitrates. 

H2O2- 

—> H2O + 0 

NaNOi + 0 — 

-^NaNOs 

NaN02 + H2O2 — 

NaN03 + H2O 

(c) It oxidises sulphites into sulphates. 

H2O2- 

H2O + 0 

Na2S03 + 0 - 

Na2S04 

Na2S03 + H2O2 — 

Na2S04 + H2O 

(d) It oxidises arsenites into arsenates. 

H2O2- 

H2O + 0 

Na3As03 + 0 — 

Na3As04 

Na3As03 + H2O2 - 

—> Na3As04 4* H2O 

(e) It liberates iodine from potassium iodide. 

H2O2- 

H20 + 0 

2KI + H2SO4 + 0 - 

—> K2SO4 -f I2 *1“ H2O 

2KI + H2SO4 + H2O2 - 

K2SO4 +12 + 2H20 

21" + H2G2 + 21^ - 

12 + 2H20 


or 
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(f) It oxidises H2S into sulphur. 

H2O2->H20 + 0 

H2S + O-» H2Q + S 

H2S + H2O2-> 2H2O + S 

(g) oxidises acidified ferrous sulphate to ferric sulphate. 

H2O2-> H2O + O 

2FeS04 + H2SO4 + O-> Fe2(S04)3 + H2O 

2FeS04 + H2SO4 + H2O2-> Fe2(S04)3 + 2H2O 

or 2 Fe^'^ + H2O2 + 2 H'"-> 2 Fe^'" + 2H2O 

(h) It oxidises acidified potassium ferrocyanide to potassium 
fenicyanide. 

H2O2-> H2O + O 

2K4Fe(CN)6 + H2SO4 +0->2K3Fe(CN)6 + K2SO4+H2O 

2K4Fe(CN)6+H2S04+ H2O2 ^ 2K3Fe(CN)6 +K2SO4+2H2O 
or 2[Fe(CN)6]'^ + H2O2 + 2H^-> 2[Fe(CN)6]^" + 2H2O 

(i) It oxidises formaldehyde to formic acid. This oxidation 
occurs in presence of pyrogallol and in alkaline medium. 

H2O2-> H2O + O 

HCHQ + O-» HCOOH 

HCHO + H2O2-> HCOOH + H2O 

or 2 HCHO + H2O2-> 2 HCOOH + H2 

(j) Benzene in presence of ferrous sulphate is oxidised to 
phenol. 

OH 

20 + H2Q2 ..> 2 0 

(k) It dissolves the chromic hydroxide precipitate present 
in NaOH solution forming a yellow solution of sodium 
chromate. 

[H2O2-> H2O + O] x 3 

2 Cr(OH )3 + 4 NaOH + 30 -> 2Na2Cr04 + 5H2O 

2Cr(OH)3 + 4 NaOH+ 3 H 202 -> 2Na2Cr04 + 8H2O 

( l ) A solution of chromic acid in sulphuric acid or acidified 
potassium dichromate is oxidised to blue peroxide of chromium 
(Cr05) which is unstable, however, it is soluble in ether and 
produces blue coloured solution. 

K2Cr207 + H2SO4-> K2SO4 + H2Cr207 

[H2O2-> H2O + O] X 4 

_ H 2 Cr 207 + 40 -> 2005 + H2O _ 

K2Cr207 + H2SO4 + 4H2O2-> 2Cr05 + K2SO4 + 5H2O 

Peroxide of chromium decomposes to form chromic sulphate 
and oxygen. 

4Cr05 + 6H2SO4—^ 2Cr2(S04)3 + 6H2O + 7O2 


Peroxide of chromium is represented as 



O 

(Butterfly shape) 

(m) In alkaline medium, it oxidises manganese sulphate (a 
manganous salt) to manganese dioxide. 

MnS04 + H2O2 + 2 NaOH —+ Mn02 + Na2S04 + 2H2O 
or + H2O2-> Mn"^ + 20 H“ 

(n) In acidic solution, mercury is oxidised to mercuric 
oxide. 

Hg + H2O2 —HgO + H2O 

(o) BleacUi^ action i Due to ite oxidising nature, it acts 
as a bleaching agent. 

Coloured material + O- > Colourless 

It bleaches materials like silk, hair, ivory, cotton, wool, etc. 

When used as a hair bleach (a 6% solution), it acts by 
oxidizing the pigments in the hair, 

(iv) Reducing nature: It can also act as a reducing 
agent towards powerful oxidising agents. 

H2O2-> 2 H'*' + O2 + 2 e^ 

In alkaline solution, however, its reducing action is more 
effective. 

H2O2 + 20ir —> 2H2O + 02 + 2^“ 

The potential equation when H2O2 acts as a reducing agent 
can be expressed as, 

H2O2 + O-> H2O + G2 

(a) Ag20 is reduced to silver. 

Ag 20 + H2O2-> 2 Ag + H2O + O2 

(b) It reduces ozone to oxygen. 

H2O2 + O3-> H2O + 2O2 

(c) Manganese dioxide in acidic medium is reduced to 
manganous salt. 

Mn02 + H2SO4 + H2O2-> MnS04 + 2H2O + O2 

(d) Lead dioxide is reduced to lead monoxide. 

Pb 02 ,+ H2G2-> FbO + H2G + G2 

(e) Red lead in presence of HNG3 is reduced to plumbous 

salt. " 

Pb3G4"+ 6HNO3 + H2G2-> 3 Pb(NG 3)2 + 4H2G + O2 

(f) Chlorine and bromine are reduced to corresponding 
hydracids. 

CI2 + H2G2-> 2 HC 1 + G2 

This reaction can be shown in following steps: 

CI2 + H2G-> HCl + HCIG 

HCIG + H2G2-> HCl + H2G + G2 

CI2 + H2G2-> 2 HC 1 + G2 

Similarly , Br2 + H2G2-^ 2 HBr + G2 
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(g) It reduces acidified KMn04 solution, Le., acidified 
ICMn04 is decolourised by H2O2. 

2 KMn 04 + 3 H 2 SO 4 -> K 2 SO 4 + 2MnS04+3H20 + 50 

5 H 2 O 2 + 50-> 5 H 2 O + 5 O 2 


2 KMn 04 + 3 H 2 S 04 +5H2O2 ^ K2SO4+2MnS04 + 8H2O +5O2 


or 2Mn04 + 6 H+ + 5H2O2 - 

—> 2Ma + + 8H2O + 5O2 

(h) Potassium ferricyanide (alk. solution) is reduced to 

potassium ferrocyardde. 


2 K 3 Fe(CN )6 + 2 KOH - 

—^ 2 k 4 Fe(CN )6 + H2O +0 

H9O2 + 0 ■ 

-^ H2O + O2 

2 K 3 Fe(CN )6 + 2KOH+H2O2 

-> 2 K 4 Fe(CN )6 +2H2O + O2 

or 2 [Fe(CN) 6 ]^“ + 20 H“ + H2O2 ^ 2 [Fe(CN) 6 ]'^ + 2H2O + O2 

(i) Hypohalites are reduced to halides. 

Na 0 Cl + H 202 

—NaCl + H2O + O2 

(j) KIO4 is reduced to KIO3, 

K104+H2O2 

->KI03 + H2O + O2 

(v) Addition reactions: 

Hydrogen peroxide is capable 

of adding itself to ethylenic linkage. 

CH2 HO 

CH2OH 

II + 1 

—> 1 

CH2 HO 

CH2OH 

Ethylene 

Ethylene glycol 


^ Uses 


Hydrogen peroxide in the form of aqueous solution is used : 

(i) in the bleaching of delicate materials such as wool, silk, 
cotton, bone, ivory, hair, etc. 

(ii) as a valuable antiseptic and germicide for washing 
wounds, teeth and ears under the name of perhydrol. 

(iii) In general a 3 % H2O2 aqueous solution is used as a mild 
antiseptic. Contact of H2O2 with blood catalyzes its dispro¬ 
portionation into oxygen and water, which cleanses the wound. 

(iv) As it oxidizes unpleasant effluents without producing 
any harmful by-products, H2O2 is widely used as an oxidizing 
agent in the control of pollution. 

(vi) for restoring colour of old paintings. 

(v) as an oxidising agent in the laboratory. 

(vi) as ‘antichlor’ to remove traces of chlorine and 
hypochlorite. 

(vii) highly concentrated solution (about 40 %) of H2O2 is 
used to oxidise petrol, alcohol and hydrazine hydrate for the 
propelling of rockets and torpedoes. 

NH2 NH2 + 2H2O2 —> N2 + 4H2O 

The reaction is highly exothermic and is accompanied by a 
large increase in volume. 

(vii) in the detection of Ti"^, and Cr^'*' ions. 


(viii) It is used to produce sodium peroxoborate. 
Na2B2(02)2(0H)4 in hexahydrate state, it is used as a brightner 
in washing powders. 

2NaB02 + 2H2O2 + 6H2O-> 

Na2[(OH)2B(0—0)2B(OH)2]6H20 
Structure of peroxoborate ion may be given as. 



^ Tests of Hydrogen Peroxide 

(i) A filter paper with a stain of black lead sulphide (PbS) 
when brought in contact with a solution of H2O2, the black 
stain turns white. 

[PbS —PbS 04 ] __ 

(ii) An acidified solution of titanium salt when treated with 
H2O2, yellow or orange colour is developed due to formation 
of pertitanic acid, 

[Ti(S04)2 + H2O2 + 2H2O = H2Ti04 -h 2H2SO4]. 

Pertitanic acid 

(iii) H2O2 when shaken with acidified K2Cr207 with little 
ether, blue colour is produced. This is due to the formation of 
peroxide of chromium (perchromic acid). 

(iv) It liberates iodine from KI solution which gives blue 
colour with starch solution. 

(v) It decolourises acidified potassium permanganate 
solution. 


s strength of H2O2 solution 

Strength of the sample of hydrogen peroxide is generally 
expressed in terms of the volume of oxygen at NTP that one 
volume of hydrogen peroxide gives on heating. The 

commercial samples are marked as ‘10 volume’, ‘15 volume’ 
or ‘20 volume’. ‘ 10 volume’ means that one volume of hydrogen 
peroxide on heating gives 10 volume of oxygen at NTP. 10 mL 
of a ‘20 volume’ solution of H2O2 will liberate 10 x 20 = 200 
mL of oxygen at NTP. 

Sometimes the concentration of H2O2 in a solution is 
expressed as percentage of H2O2 in solution, Le., g /100 mL. 
Thus, 30 % hydrogen peroxide means that 30 g of H2O2 is 
present in 100 mL of solution. ‘10 volume’ solution of H2O2 
is 3 . 035 % solution, Le., 3.035 g of H2O2 present in 100 mL 
of the solution. This calculation can be made in the following 
manner. 

2H2O2 -> 2H2O -h O2 

2(2 + 32) 22400 mL 

■ = 68 g at NTP 

22400 mL of oxygen is obtained at NTP from 

* = 68 g of H2O2 
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10 mL of oxygen is obtained at NTP from = 2 2 4TO ^ 

= 0.03035 g H 2 O 2 
1 mL of H 2 O 2 solution contains = 0.03035 g H 2 O 2 
100 mL of H 2 O 2 solution contains = 0.03035 x 100 

= 3.035 g H 2 O 2 

or the solution is 3.035% 

or concentration or strength of 10 volume of H 2 O 2 solution 

= 3.035 X 10 = 30.35 g/litre 
Normality of this solution can be calculated if we know the 
equivalent mass of hydrogen peroxide. 

68 

Equivalent mass of hydrogen peroxide =^x 8 = 17.0 
2 H 2 O 2 ->2H20 + 02 

68 g 32 g 

Number of gr^eqinvalents in 10 vplume hydrogen peroxide 
solution 


concentration or strength per litre _ 30.35 
equivalent mass 17 


1.785 


Normality of 10 volume solution = 1.785 N 
Similarly, the concentration of ‘20 volume’ hydrogen peroxide 
solution means 6.070% or 60.70 g/litre or 3.57 N. 

Let volume strength is ‘V’. 

V litre O 2 will be given by 1 litre then at NTP 

68 

g/Utre strength of H 2 O 2 =^4 ^ 


i.e., 

Similarly, 


N-. 


Strength 

EM 


22.4 5.6 


Volume strength 5.6 x Normality 
Volume strength = 11.2 x Molarity 


s Structure of Hydrogen Peroxide 


The vapour density as determined by Victor Meyer method 
at 90°C is 17. Hence, the molecular mass of H 2 O 2 is 34. This 
value has been con fir med by depression of fireezing point method 
also. Thenard found that 17 parts by mass of hydrogen peroxide 
gives 9 parts by mass of water and 8 parts by mass of oxygen. 
Thus the empirical formula is OH and the molecular formula 
is H 2 O 2 . 

Two formulae have been suggested for hydrogen peroxide. 

I H—O—O—^H 

H'^ Baeyer’s formula 

Kingzett’s formula 

Evidence in favour of Kingzett’s formula : This formula 
explains the oxidising properties of H 2 O 2 as the oxygen linked 
by coordinate bond is easily lost. 



Evidence in favour of Baeyer’s formula : (i) Hydrogen 
peroxide behaves as weak dibasic acid as one or both the 
hydrogen atoms can be replaced liy univalent basic atoms 
forming salts like Na—O—O—H and Na—O—O—^Na 
(Na 202 ). This suggests that the one molecule of hydrogen 
peroxide consists of two hydroxyl groups. 

(ii) The formation of ethylene glycol from ethylene suj^orts 
Baeyer’s fomula. 


CH2- 

I 

.CH2 


HO 


HO 


CH2OH 

I 

CH2OH 


It is proposed, therefore, that hydrogen peroxicte is a 
tautomeric mixture of two forms in equilibrium. 

.H. ■.— 

H—O—O—H <-> ^O-K) 

H^ 


The calculated value of the single bond O- 7 O distance is 
1.48 A and X-ray measurements do show that in hydrogen 
peroxide, O—O bond distance is 1.46 ± 0.03 A. The value of 
dipole moment of H 2 O 2 is 2.1 D. This suggests that all the four 
atoms do not lie in the same plane. The molecule can be 
pictured as lying on the spine of a book open to an angle of 
94°. The hydrogen atoms are present one on each cover and 
H—O bonds making angles of 97° with the O—O bond as 
shown in Fig. 5.16. The bond distance between O—^H is 0.97 A. 



Fig. 5.16 Structure of H 2 O 2 


Structure of H 2 O 2 is slightly different in gas phase and 
crystalline phase. 


H 

|f 2 



Fig. 5.17 Gas phase staicture of H 2 O 2 
( rj = 147.5 pm, r 2 = 95 pm, 6 , = 111.5°, 62 = 94.8° ) 
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Fig. 5.18 Crystalline phase structure of H 2 O 2 
(n = 98.5 pm, r2 = 145.8 pm, 0 i = 90 . 2 °, 02 = 101 . 9 °) 

Example 5. Explain the following: 

(0 Why hydrated barium peroxide is used in the preparation 
of hydrogen peroxide instead of the anhydrous variety? 

{ii) Phosphoric acid is preferred to sulphuric acid in the 
preparation of H 2 O 2 from barium peroxide. 

{Hi) Statues coated with white lead on long exposure to 
atmosphere turn black and the original colour can be restored 
on treatment with H202- IRoorkee 19871 

Solution ; (i) If anhydrous barium peroxide is used in the 
preparation, the barium sulphate, thus formed, forms an insoluble 
protective coating on the surface of sohd barium peroxide. 
This prevents the further reaction of the acid, i.e., causing the 
reaction to stop. If, however, hydrated barium peroxide (in the 
form of thin paste) is used, the water causes to dislodge the 
insoluble BaS04 from the surface of Ba02. BaS04 thus settles 
at the bottom of the reaction vessel and the reaction continues 
without any difficulty. 

(ii) When phosphoric acid is used in fhe preparation of 
H2O2 from Ba 02 , it plays the double role. It liberates H2O2 and 
also acts as a preservator by retarding its decomposition. 

(iii) White lead is used as a pigment. The statues coated with 
white lead get blackened due to the action of H2S present in 
atmosphere in traces. 

Pb( 0 H) 2 - 2 PbC 03 H- 3 H 2 S-> 3 PbS +2CO2 +4H2O 

White lead Black 

When blackened statues are treated with H2O2, the PbS is 
oxidised to PbS04 which is colourless (white). 

PbS + 4H202 -> PbS 04 + 4 H 2 O 

White 

Example 6. Explain the following: 

(i) Soft water lathers with soap but not hard water 

(ii) Temporary hard water becomes soft on boiling. 

(Hi) Water can extinguish most fires but not petrol fire. 

(/v) Hard water is softened before use in boilers. 

Solution : (i) Hard water contains calcium and magnesium 

salts. These react with soap to form insoluble calcium and 
magnesium salts of fatty acids, i.e., form scum and not 
lather. 

2 /?COONa + Ca^'' -^ (/?COO)2Ca + 2 Na'' 

Soap Insoluble 


2 i?COONa + -> (i?COO)2Mg + 2 Na+ 

(ii) Temporary hardness of water is due to the presence of 
soluble bicarbonates of calcium and magnesium. On boiling, 
the bicarbonates are converted into insoluble carbonates which 
can be removed by filtration. 

Ca(HC03)2-> CaCOs + H2O + CO2 

Mg(HC 03)2 -> MgC 03 + H 2 O + CO 2 

Soluble Insoluble 

(iii) When water poured over petrol fire, petrol being lighter 
than water floats over water and &e spreads instead being 
extinguished. 

(iv) Hard water consists bicarbonates and other soluble 

salts of calcium and magnesium. When hard water is evaporated 
in boilers, scales of precipitated carbonates of calcium and 
magnesium along with other salts such as sulphates, chlorides, 
etc., are formed. In order to avoid the formation of scales hard 
water is first softened before use in boilers. __ 

Example 7. Explain the following: 

(0 A small amount of acid or alkali is added before 
electrolysis of water 

(ii) The electrolysis of water for manufacturing hydrogen 
gas is always carried out in the presence of acid {H2SO4 ) or 
alkali (KOH), yet no or ifr ions are discharged. 

{iii) A solution of ferric chloride acidified with HCl is 
unaffected when hydrogen is bubbled through it, but gets reduced 
when zinc is added to some acidified solution. 

{iv) When sodium hydride in fused state is electrolysed, 
hydrogen is discharged at anode. 

Solution : (i) Pure water being a weak electrolyte and 
feebly ionised is bad conductor of electricity. In order to make 
it a good conductor, a small amount of acid or alkaU is added 
before electrolysis. 

(ii) Sulphate and potassium ions are not discharged as the 
discharge potential of 804“ is much higher than OH” ions and 
the discharge potential of K'*' ions is much higher than H'*' ions. 

(iii) Molecular (ordinary) hydrogen is not so reactive as 
hydrogen at the moment of formation. Zinc reacts with the 
acid to produce nascent hydrogen which reduces ferric chloride 
into ferrous chloride. 

(iv) Sodium hydride is an electrovalent compound in which 
hydrogen is present as an anion, H”. On electrolysis, it is 
discharged at anode. 

NaH ^ Na"" + H“ 

Cathode i^node 

Na"^ + e~ - > Na H“- > H + e" 

2 H-^ H2t 

■ ■ Example 8. What happens when? 

{a) An alkaline solution of potassium ferricyanide is reacted 
with H202- 
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{b) Hydrogen peroxide is added to acidified potassium 
permanganate, 

(c) Hydrogen peroxide is added ferrous ammonium sulphate 

solution, [Roorkee 1985 ] 

(d) Chromium hydroxide is treated with hydrogen peroxide 

in the presence of sodium hydroxide, [M,L.N.R, 1992 ] 

{e) Concentrated caustic potash solution is spilled on 
grmulated zinc. 

(/) Hydrolith is treated with water. 

(^) Heavy water reacts with aluminium carbide. 

Solution: 

(a) Potassium ferricyanide is reduced to pot^sium 
fenocyanide. 

2 K 3 Fe(CN )6 + 2 KOH-> 2 K 4 Fe(CN )6 + H2O + O 

H2O2 + O-> H2O + O2 

2 K 3 Fe(CN )6 + 2 KOH+ H2O2-> 2 K 4 Fe(CN) 6 + 2 H 20 +O2 

(b) Potassium permanganate is decolourised due to 
reduction. 

2 KMn 04 + 3H2SO4-> K2SO4 + 2 MnS 04 + 3 H 2 O +50 

[H2O2 + O-> H2O + O2] X 5 

2KMn04 + 3H2SO4 +5H2O2-> 

K2SO4 +2MnS04 +8H2O + 5O2 

(c) Ferrous ammonium sulphate is oxidised to ferric salt. 

H 2 O 2 ->H20 + 0 

2 FeS 04 + H2SO4 + O —Fe 2 (S 04)3 + H2O 

2FeS04 +H2SO4 +H2O2-> Fe2(S04)3 +2H2O 

(d) Chromium hydroxide is converted into soluble yellow 
sodium chromate. 

[H2O2 -> H2O + O] X 3 

2 Cr(OH )3 + 4 NaOH + 30 -> 2Na2Cr04 + 5H2O 

2 Cr(OH )3 + 4 NaOH +3H2O2-> 2Na2Ci04 +8H2O 

(e) Zinc dissolves in caustic potash solution evolving 
hydrogen. 

Zn + 2 K 0 H-> K2Zn02 + H2t 

Pot. zincate 

(f) Hydrolysis of CaH2 occurs with evolution of H2. 

CaH 2 + 2 H 2 O-> Ca(0H)2 + 2 H 2 T 

(g) Deuteromethane is evolved. 

AI 4 C 3 + I 2 D 2 O-> 4 A 1 ( 0 D )3 + 3 CD 4 

Heavy water Deuteromethane 

E^jsimple 9 . A 5.0 cnP solution of H2O2 liberates 0.508 g 
of iodine from acidified KI solution. Calculate the strength of 
H2O2 solution in terms of volume strength at STP. [ 1 . 1 . 7 . 1995 ] 

Solution: 

H2O2 + H2SO4 + 2 KI-> K2SO4 + I2 + 2H2O 

34 g 2 X 127 

= 254g 


254 g of I2 is obtained from 34 g H2O2 

0.508 g of I2 is obtained from H2O2 x 0.508 

= 0.068 g 

5 mL of the solution contains = 0.068 g H2O2 

0 068 

1 mL of the solution contains = ‘g - g H2O2 

= 0.0136 g H2O2 

2H2O2-> 2H2O + O2 

68 g 22400 mL 

68 g of H2O2 gives oxygen at STP = 22400 mL 
0.0136 g of H2O2 wiU give oxygen at STP 

22400 ^ 

= X 0.0136 

60 

= 4.48 mL 

i.e., 1 mL of H2O2 solution gives 4.48 mL of oxygen. 

So, strength of H2O2 solution = 4.48 volume. 
jfjEioliiipIe 10. Calculate the hardness of water sample which 
contains 0.001 mole of MgS04 dissolved per litre of water. 

Solution: 

0.001 mole MgS04 = 0.001 x 120 g MgS04 
= 0.120 g MgS04 

We know that, 120 g MgS04 = 100 g CaC03 
So, 0.120 g MgS04 s 0.1 g CaC03 

10^ g of water (one litre) contains = 0.1 g CaC03 

10^ g of water contains = x 10^ = 100 g GaC03 

So, the hardness of water =100 ppm 

Example 11. Aqueous solution of an inorganic compound 
(x) shows the following reactions: 

{i) It decolourises an acidified KHnO^ solution accompanied 
by the evolution of oxygen. 

(ii) It liberates iodine from an acidified KI solution. 

(hi) It gives a brown precipitate with alkaline KMnO^ solution 
with evolution of oxygen. 

(iv) It removes black stains from old oil paintings. 
Identify, (x) artd give chemical equations for the reactions 
at steps (i) to (iv). [Roorkee 1993] 

Solution : In reactions (i) and (iii) (x) acts as a reducing 
agent while in reaction (ii) it acts as an oxidising agent. Thus, 
these reactions indicate that (x) is H2O2 which is further 
confirmed from reaction (iv). 

(i) 2KMn04 + 3H2SO4 + 5H2O2-> 

Purple coloured 

K2SO4 + 2MnS04 + 8H2O + 5O2 

Soluble, colourless 

(ii) 2 KI + H2SO4 + H2O2 ^ K2SO4 + I2 + 2H2O 
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(iii) 2 KMn 04 + 3H2O2 ^ 2 K 0 H + 2 Mn 02 + 2H2O + 3O2 

Brown 

(iv) PbS + 4H2O2 ^ PbS04 + 4H2O 

Black White 

Example 12 . Hydrogen peroxide acts both as an oxidising 
and as a reducing agent in alkaline solution towards certain 
first row transition metal ions. Illustrate both these properties 
of H2O2 using chemical equations. [LI-T. 1998 ] 

Solution; Chromium hydroxide is oxidised by H2O2 in 
presence of NaOH into sodium chromate 

[H2O2-> H2O + O] X 3 

2 Cr(OH )3 + 4 NaOH + 30 -> 2Na2Cr04 + 5H2O 

2 Cr(OH) 3 + 4 NaOH+3H2O2-> 2Na2Cr04 +8H2O 

Potassium ferricyanide is reduced to ferrocyanide in presence 
of KOH by H2O2. 

2 K 3 Fe(CN )6 + 2 K 0 H-> 2 K 4 Fe(CN )6 + H2O + O 

H2Q2 + 0 , > H2Q Q2 

2 K 3 Fe(CN) 6 + 2 K 0 H+H 202 -> 2 K 4 Fe(CN) 6 + 2 H 20 + 02 

^ 'Example 13 . {a) A mixture of hydrazine and H2O2 with 

Cm(II) catalyst is used a rocket propellant. Why? 

{b) Can concentrated H 2 S 0 ^ be used for drying H2 gas ? 
Justify. ^ 

(c) The process 2^2(<?)+^-^ ^ (^) is endothermic 

{AH = +151 kJ mor\ yet salt like hydrides are known. How 
do you account for this? 

Solution : (a) The reaction between hydrazine and H2O2 

is highly exothermic and is accompanied by a large increase in 
the volume of the products. Hence, the mixture is used as 
rocket propellant. 

N2H4 (/) + 2H2O2 (/) N2 (g) + 4 H 20 (g) 

(b) Concentrated H2SO4 cannot be used for drying H2 gas 
as the absorption of moisture by H2SO4 is highly exothermic 
in nature. The heat so produced causes hydrogen to catch fire 
as hydrogen is highly inflammable. 

(c) Alkali and alkaline earth metals combine with hydrogen 
and form ionic hydrides in spite of the fact that formation of 
H" ions is an endothermic process. This is due to the reason 
that high lattice enthalpy released during formation of solid 
hydride from M'*' or and H~ ions is more than needed for 
the formation of H~ ions from H2. 

Example 14 . (a) Compare the structures of H2O and H 202 - 

(b) Do you expect different products in solution when AlCl^ 
is treated separately with {i) normal water, {ii) acidified water 
and {Hi) alkaline water? 

Solution : (a) H2O has a bent structure with HOH bond 
angle is 104 . 5 °. H2O2 has an open book structure with 
H—O—O angle equal to 94 . 8 ° and dihedral angle equal to 
111 . 5 ° in gaseous phase. 
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(b) AICI3 is a salt of a weak base and a strong acid. 

In normal water, it undergoes hydrolysis. 

AICI3 {s) + 3H20(/)-> A1(0H)3 {s) + 3 HCl(a^) 

Base Acid 

In acidic water, H’*’ ions react with Al(OH)3 giving 
ions. 

AlCl 3 ( 5 ) (aq) + 3 Cr (aq) 

In alkaline water, Al(OH)3 reacts to form soluble 
tetrahydroxo-aluminate complex or meta-aluminate ions 
[AlOiCn^)]. 

A1(0H)3 + OH>^) —^ [Al(OH)4]“(a^) or A102(a^) + 2H2O 

AlCl3(5)-^^^ AlOi(a^) + 2H20(/) + 3Cr(a^) 

^Example 15 , Would you expect the hydrides of N, O and^ 
F to have lower boiling points than the hydrides of their 
subsequent group members? Give reasons. 

Solution : On the basis of molecular masses of NH3, 
H2O and HF, their boiling points are expected to be lower than 
subsequent group member hydrides. However, on account of 
high electronegativity of N, O and F, the magnitude of hydrogen 
bonding is appreciable in their hydrides, i.e., aggregation of 
molecules occurs. Hence, the boiling points of NH3, H2O and 
HF will be higher than the hydrides of their subsequent group 
members. ^ 

Example 16 . What do you understand by (/) electron 
deficient {ii) electron precise and {Hi) electron rich 
compounds of hydrogen? Provide justification with suitable 
examples. 

Solution : (i) The hydrides which do not possess sufficient 

number of valence electrons to form normal covalent bonds, 
are termed electron deficient hydrides. Examples are the hydrides 
of group 13 such as BH3, AIH3, etc. They generally exist in 
polymeric forms. 

(ii) The hydrides which possess exact number of electrons 
to form covalent bonds are termed electron precise hydrides. 
Examples are the hydrides of group 14 such as CH 4 , SiH 4 , 
(jeH 4 , etc. 

(iii) The hydrides which have lone pair or pairs of electrons, 
i.e., have more electrons than required to form normal covalent 
bonds are termed electron rich hydrides. Examples are the 
hydrides of group 15 , 16 and 17 such as NH3, H2O, HF, etc. 

Example 17 . What do you understand by the term non- 
stoichiometric hydrides? Do you expect these types of hydrides 
to be formed by alkali metals? Justify your answer. ' 

Solution : The hydrides in which the ratio of the metal and 
hydrogen is found to be fractional are called non-stoichiometric 
hydrides. It is also observed that this fractional ratio is not fixed 
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but varies with the temperatoe md pressure. Such hydrides 
are formed by d- and /-block elements.'Jn these hydrides, 
hydrogen atoms occupy holes m'tlfe 

the holes are not occupied, Le,, some holes afwafys r^am 
vacant and thus, these compounds are non-stoicfiometric. 


Alkali metals do not form non-stoichiometric hydrides as 
each SQ^um atom IqseHts valency electron which is accepted 
^hy bydrogeh atom to form H~ ion. In this way, an ionic 
"^^mpouhd,;Na^ H” is formed. 


□ SUMMARY AND IMPORTANT POINTS TO REMEMBER j 


1 . Hydrogen is the lightest element. Its atom consists of a single 
proton and a single planetary electron. Hydrogen is the only 
element whose atom does not have neutrons in its nucleus. 
It has the simplest electronic configuration, 1 ^^ 

2. Hydrogen was prepared by Cavendish in 1766 by the action 
of acids on metals. It was named Inflammable air’. Lavoiser 
named it hydrogen (hydra = water, gennas = maker) meaning 
water maker. 

3 . Hydrogen is the most abundant element in the univfi’se ( 70 % 
of the universe’s total mass). Sun and some other stars 
consist mostly of hydrogen. Fi^ hydrogen is pmsent in 
minute quantity in air, volcanic gases and natural gas. In the 
combined state, it constitutes 15 . 4 % of the earth’s crust and 
oceans as water, mineral oil, organic materials such sis 
hydrocarbons, carbohydrates, fats, proteins, etc. Hydrogen 
is an essential constituent of all acids and alkalies, 

4 . Hydrogen shows dual nature. It behaves as electropositive 
element like alkali metals as it can lose the planetary electron. 
It also behaves as an electronegative element like halogens 
as it can gain one more electron to saturate Is subshelL It is 
the first member in the periodic table but its position is not 
fixed. Sometimes, it is placed with alkali metals in lA subgroup 
and sometimes with halogens in VIIA ( 17 th) subgroup. 

5 . The atomic form of hydrogen exists only at high tempera¬ 
tures. Normal elemental hydrogen is the diatomic molecule, 

caOed dihydrogen, H 2 * 

The ordinary hydrogen at room temperature is a mixture of 
ortho-form and para-form in the ratio of 3 : 1 . The nuclei of 
ortho hydrogen spin in the same direction while that of the 
para hydrogen spin in the opposite directions. 

6. Hydrogen exists in three isotoj^s. It is the only known element 
whose isotopes have the unique mass ratio of 1 , 2, 3 (jH; 
^H;^H). The predominant form is jH (protium). or D 
(Deuterium) is present upto 0 . 0156 % in terrestrial hydrogen, 
mostly in the form of HD. Tritium (T or iH) is radioactive. It emits 
P-particles and its half life j^riod is 12.33 years. The three 
isotopes have same chemical properties but their physical 
properties are different due to different atomic masses. 
Deuterium and tritium are used as tracers, bombarding projec¬ 
tiles especially in fusion reactions, ie., in hydrogen bombs. 

7 . There are three main sources from which dihydrogen 
(ordinary hydrogen) may be prepared. These are (i) Water, 
(ii) Acids and (iii) Alkalies. 

(a) Alkali and alkaline earth metals react with cold water 
producing dihydrogen. The reactions are vigorous. To 
minimise the rate of reactions, usually amalgams are used. 


(b) Metals like Zn, Fe, Mn, Co, Cr, Sn, etc., decompose steam 
or hot water forming dihydrogen. 

(c) Reactions of steam on hydrocarbons or coke at high 
temperatures produce dihydrogen. 

C„H2„+2 + «H20-^|^nC0 + (2« + 1)H2 

C-HH20-> CO + H2 

■. Water gas 

(d) Water containing a small amount of acid or alkali on 
electrolysis in an electrolytic cell produces dihydrogen 
at cathode. The cathode used is usually of iron and 
anode usually of nickel. The two electrodes are separated 
by an asbestos diphragm. 

(e) Ionic hydrides on hydrolysis with water evolve 
dihydrogen. 

CaH2 + 2H2O Ca(OH)2 + 2H2 

Hydrolith 

(f) The metals which occupy their position above hydrogen 
in the electrochemical series such os Zn, Al, Mg, Fe, etc., 
react with dil.HCl or dil. H2SO4 to evolve dihydrogen. 
Mn and Mg react with dil. HNO3 to evolve dihydrogen. 

(g) Zn, Al, Sn, Si, Pb react with boiling NaOH or KOH to 
evolve dihydrogen. Uyeno’s method is used for military 
purposes for rapid and pure production of dihydrogen 
when scrap aluminium reacts with caustic potash. 

2 A 1 + 2 KOH + 2H2O -—> 2KAIO2 4 - 3H2 

(h) Dihydrogen is produced in the laboratory by action of 
dOute H2SO4 on granular zinc. The dihydrogen produced 
contains a number of impurities. To remove these 
impurities, the evolved dihydrogen is passed through 
three bottles containing AgNOs solution (removes PH3 
and ASH3), Pb(CH3COO)2 solution (removes H2S) and 
KOH solution (removes CO2, SO2 and oxides of nitrogen) 
respectively. 

(iT Pure dihydrogen is obtained either (i) by canying 
" electrolysis of barium hydroxide solution using platinum 
electrodes or nickel electrodes or (ii) by action of water 
on sodium hydride (NaH) or (iii) by Uyeno’s method. 

8 - Large quantities of dihydrogen are required these days in 
industry for various purposes. About 77 % of the industrial 
dihydrogen is produced from petro-chemicals, 18 % from coal, 
4 % from electrolysis of aqueous solutions and 1 % from other 
sources. 

Natural gas mainly consists of methane. Dihydrogen is 
obtained from natural gas either by partial oxidation or 
cracking. Natural gas is mixed with steam and passed over a 
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catalyst (Ni-Cr alloy) at 1200 K. The CO is converted into 
CO2 by passing the gases and steam over iron oxide or cobalt 
oxide catalyst at 750 K resulting in the generation of more 
H2. 

CH4 + H20-|^C0 + 3H2 


CH4 


C+2H2 


^0 + «20-|^C02+H2 

(CO2 is removed by dissolving it in water under pressure of 
about 25-30 atmosphere.) 

Bosch’s process is used to obtain dihydrogen from coke. 

c+H20^^^co+H2 

% Dihydrogen is a colourless, odourless and tasteless gas. 
Hydrogen has high heat of dissociation (436 kJ moF^). This 
property is made use of in the atomic torch which generates 
temperatures of about 4000 K and is ideal for welding of 
metals of high melting points. It has low melting and boiling 
points. It is only slightiy soluble in water. It is diatomic in 
nature and bond length is 74 pm. 

10* Cfertain metals like palladium, platinum, iron, etc., can adsorb 
large quantities of hydrogen. The adsorbed hydrogen is 
called occluded hydrogen. This property can be used for the 
purification of hydrogen because only pure hydrogen is 
adsorbed. 

11. Dihydrogen is inflainmable or combustible gas. However, it 
does not help in burning. It bums with blue flame in oxygen 
atmosph^ forming w^er. Dihydrogen is not a very active 
element and does not react readily with other elements. Under 
suitable conditions, it can be made to combine with metals 
and non-metals both. It forms compounds by losing, gaming 
or sharing of its only electron. It shows oxidation states of 
+1, 0 and -L H2 has great affinity for oxygen. Thus, it 

as a reducing agent. The oxides of less electropositive metals 
such as copper, tin, iron, lead, etc., are reduced to the metals 
when heated in hydrogen. Numerous substances are 
hydrogenated in presence of suitable catalysts. 

12. Dihydrogen forms three types of hydrides : ionic, covalent 
and interstitial. Ionic or salt like (saline) hydrides are formed 
by alkali metals, alkaline earth metals with exception of 
Be and Mg and some highly electropositive members of 
lanthanide series. These are colourless crystalline compounds 
with electrovalent nature in which hydrogen acts as an anion. 
All ionic hydrides react with H2O to produce dihydrogen. 
Ionic hydrides are powerful reducing agents. 

Coval^t or molecular hydrides are formed by all the true non- 
metals (except zero group elements) and the elements such 
as Al, Ga, Sn, Pb, Sb, Bi, Po, etc., which are normally metallic 
in nature, le., p-block elements. In these hydrides, hydrogen 
atoms are covalently bonded to the central atom. The boiling 
points of the simple hydrides of first elements of group 15 
(NH3), 16 (H2O) and 17 (H2F2) are abnormally high due to 
intermolecular hydrogen bonding. The boiling points of 
remaining hydrides within the group, however, increase 


regularly with increase in atomic number of the element. 
Metallic or interstitial hydrides are formed by many cf-block 
and /-block elements at elevated temf^ratures. These 
hydrides are often non-stoichiometric and have metaUic 
appearance. They possess reducing properties probably due 
to presence of free hydrogen. These hydrides are used for 
the ultrapimfication of hydrogen and as hydrogen storage 
media. 

13. Complex metal hydrides such as LiAlH4 and NaBH4 are power¬ 
ful reducing agents and are widely used in organic reactions. 

14. Hydrogen has been considered as one of the alternate sources 
of energy. The advantage of using hydrogen as a fuel is that it is 
environmentally clean. The second advantage with hydrogen 
is that the heat of combustion of hydrogen per gram is higher 
than any other fiiel. Our energy needs can be met by gaseous, 
Uquid and solid hydrogen. However, cheaper methods of 
production of hydrogen are to be developed and problems in 
storing and transportation are to be tackled. 

15. Dihydrogen has following industrial applications: 

(a) Synthesis of ammonia 

(b) Manufacture of methyl alcohol 

(c) Hydrogenation of oils 

(d) Manufacture of hydrogen chloride 

(e) Production of synthetic j^trol 

(f) Oxy-hydrogen flame 

(g) Fuel for rockets 

(h) With helium, it is used for filling balloons employed for 
atmospheric study 

16. Water is most common and abundant compound of 
hydrogen. Water occupies the major part of the emth. It is 
essential to Ufe. Two-tWrd of human body is water. Water has 
the ability to dissolve a number of substances. Water has 
unique properties. Its transformation from liquid to solid and 
to gaseous states is easy. Water exists as a liquid under normal 
atmospheric conditions. It exists as a solid below (3®C and as 
a gas above lOCPC. The unique properties in the liquid and 
solid phase are a result of extensive hydrogen bonding 
between water molecules. Water molecule forms four 
Hrbonds. Water has a higher specific heat, thermal 
conductivity and surface tension than most of the other 
liquids. Because of these properties water plays an important 
role in the biosphere. The density of water is maximum at 4®C. 

17. Pure water is colourless, testeless and odourless. It is neutral 
in nature, pH of pure water is 7. It reacts with active metals 
when hydrogen is evolved. It is decomposed by metals like 
Zn, Mg, Fe, etc., when steam is passed over hot metals. 
Fluorine decomposes water forming ozoni^ oxygen. 
Chlorine decomposes water in presence of sunUght. Acidic 
oxides combine with water to form oxy-acids while basic 
oxides form alkalies. Water decomposes a number of 
hydrides, carbides, nitrides, phosphides with liberation of 
hydrogen, acetylene (or methane), ammonia, phosphine, 
respectively. Water forms hydrate of different types. 

18. Oxygen atom in water molecule is sp^ hybridized, four hybrid 
orbitals directed towards the comers of a tetrahedron are 
formed. Two of the hybrid orbitals having one electron each 
overlap with hydrogen atoms and form two sigma bonds- 
Thus, the molecule has a bent (V-shaped) stmcture with a 
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bond angle of 104.5® The bond angle is less than the expected 
due to presence of two lone pairs of electrons on two 
uncombined hybrid orbitals. The molecule is polar due to 
difference in the electronegativities of hydrogen and oxygen 
and possesses dipole moment. Water molecules are linked 
with each other by hydrogen bonding. 

19. Ice has open cage like structure with a number of vacant 
spaces in the crystal lattice. As a result, the density of ice is 
lower than that of water- 

20. Water is tested by the following tests: 

(i) A drop of water when added to anhydrous copper 
sulphate, change its colour from white to blue. 

(ii) Water reacts with calcium carbide to evolve acetylene 
which bums with bright flame. 

21. Water is said to be soft if it produces sufficient lather with 
soap. Hard water does not form lather readily with soap as it 
forms an insoluble scum. Hardness of water is of two types: 

(i) Temporary : This is due to presence of bicarbonates 
of calcium and magnesium. It can be easily removed 
by boiling or by adding slaked lime. — 

(ii) Permanent : It is caused by the presence of chlorides 
and sulphates of calcium and magnesium. Many 
substances can be used for the removal of permanent 
hardness. Those are termed water softeners. The 
various water softeners are: 

(i) Washing soda (ii) Permutit-hydrated siMcates of 
aluminium and sodium (Na 2 Al 2 Si 208 -Sl 20 ) (iii) Calgon- 
sodium hexa-meta~phosphate (NaP 03)6 (iv) Ion- 
exchange resins. 

22. Degree of hardness is defined as the number of parts of calcium 
carbonate or equivalent to calcium and magnesium salte 
present in million |mrts of water by mass. It is expressed in ppm. 

23. Heavy water (D 2 O) was discovered by Urey. One part of 
heavy water is present in 6000 parts of ordinaiy water. It is 
obtained by repeated electrolysis of water containing alkaU. 
Like ordinary water, it is also colourless, odourless and 
tasteless. Nearly all the physical constants are higher than 
the corresponding values of ordinaiy water. It is us^ as a 
moderator in nuclear reactors. 

24. Hydrogen peroxide was discovered by Thenard on treating 
barium peroxide with sulphuric acid. It was called oxygenated 
water. 

25. H 2 O 2 is prepared by adding ice cold dilute H 2 SO 4 ( 20 %) on 
Na 202 or Ba 02 . As H 2 SO 4 catalyses the decomposition, some 
weaker acids such as H 3 PO 4 or H 2 CO 3 (H 2 O + CO 2 ) are 
preferred. 

26. Manufacture of H 2 O 2 is done by following methods : 

(i) Auto-oxidation of 2-butyl anthraquinoL It is the most 
recent method. 2 -butyl anthr^uinone is catalyticaUy 
reduced to 2 -butyl anthraquinol in an organic solvent 
in presence of palladium by passing hydrogen. It is then 
oxidised by passing air. The H 2 O 2 is extracted with water 
to give a 20 % solution. 2 -butyl anthraquinone is 
reformed which is again used. 

(ii) By oxidation of isopropyl alcohol : The isopropyl 
alcohol is mixed with a small amount of H 2 O 2 and 
oxygen is passed at 70®C. Acetone and unreacted 


alcohol distil over leaving behind the aqueous solution 
of H 2 O 2 . 

(ill) Ele€trol 3 lic proce^ : 50% H 2 SO 4 solution or equimolar 
mixture of H 2 SO 4 and (NH 4 ) 2 S 04 is electrolysed at low 
temperature using platinum electtodes and a current of 
high density. Peroxy disulphuric acid (H 2 S 20 g) or 
ammonium peroxy disulphate is formed which on 
hydrolysis gives H 2 O 2 solution. 

27. H 2 O 2 is stored in the vessels of pure aluminium or in stone 
jars in dark. Concentrated solutions of H 2 O 2 are stored these 
days in polythene bottles kept in refiigerators. Small amounts 
of stabilizers such as orthophosphoric acid acetanilide or 
S(xlium stannate are added. 

28. Pure H 2 O 2 is a syrupy liquid. It is soluble in water, alcohol 
and etiier. Its specific gravity is 1.45. It is injurious to skin. It 
h^ bitter taste. Hydrogen bonding is present, thus it is an 
associated liquid. 

29. It decomposes on standing and heating. Presence of traces 
of Mn 02 , carbon, alkali or finely divided metals like Pt, Au, 
Ag, etc., accelerate its decomposition. The pure liquid has- 
weak acidic nature. Ka = 1.55 x 10“^^. It is less acidic than 
carbonic acid, Le,, H 2 CO 3 > H 2 O 2 > H 2 O. It acts as an 
oxidising agent as well as a reducing agent both in the acidic 
^ well as in the basic medium. 


fH202 + 2H'' + 2€ 

Ox“""g“ H 202 + 2 e 

[HzOa 

Reducing natures 

IH2O2 + 2OH” 


—> 2 H 2 O (In acidic medium) 
20H“ (In alkaline medium) 

2 h+ 4.0^ 4_ 

(In acidic medium) 

2H20 + 02«f2^ 

(In alkaline iiiedium) 


30. H 2 O 2 acts as a bleaching agent for delicate articles like hair, 
silk, wool, ivory, etc. The bleaching action is due to oxidation 
by nascent oxygen and hence is permanent. 


H 2 O 2 ->H20 + [0] 

31. H 2 O 2 is a valuable antiseptic and germicide for washing 
wounds teeth and ears under the name perhydrol. It is used 
for restoring colour of old paintings as it oxidises black PbS 
to PbS 04 . Highly concentrated solutions (about 40%) of 
H 2 O 2 are used to oxidise petrol, alcohol, hydrazine hydrate 
for the propelling rockete and torpedoes. 

32. X-ray measurements show that bond distance between 
O—O is 1.46 ± 0.03 A. The value of dipole moment is 2 . ID. 
This suggests that H 2 O 2 molecule is a non-linear molecule. 
In gas phase, the molecule can be pictured as lying on the 
spine of the book open to an angle of 111.5®. The hydrogen 
aton^ are present on each cover and ZOOH = 94.8®. 

33. Strength of the sample of hydrogen peroxide is generally 
expressed in terms of volume of oxygen at NTP that one 
volume of hydrogen peroxide on heating gives. The commer¬ 
cial samples are marked as ‘10 volume’, ‘15 volume’ or ‘20 
volume’, ‘10 volume’ solution means that one volume of H 2 O 2 
gives 10 volume of oxygen at NTP on decomposition. 
Sometimes the concentration of H 2 O 2 is expressed as 
percentage of H 2 O 2 in solution, i.e,, g/100 mL. 30% hydrogen 
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peroxide means that 30 grams of H2O2 is present in 100 mL Normality of ‘ 10 volume’ H2O2 solution = 1.785 

of solution. Volume strength = 5.6 x Normality 

‘ 10 volume’ solution of H2O2 is 3 . 035 % solution. Similarly Volume strength = 11.2 x Molarity. 

Strength of ‘ 10 volume’ H2d2 solution is 30.35 g/Utre. IM H2O2 = 2 N H2O2 = 11.2 volume H2O2 = 3 . 4 % 


• ••- PRACTICE PROBLEMS — 



■ Subjective Type Questions 

1 . Answer the following: 

(a) Which isotope of hydrogen contains equal number of 
protons and neutrons? 

(b) What is Syn. gas? 

(c) Name two complex metal hydrides which are used as 
reducing agents in organic reactions. 

(d) What is hydride gap? 

(e) What is autoprotolysis of water? 

(f) What common compounds of hydrogen are mcMre powerful 
reducing agents than hydrogen itself? 

2 . (a) Which is heavier, ice or water? 

(b) What is deionised water? Can distilled water be called as 
deionised water? 

(c) What name is given to a water softener, sodium poly- 
metaphosphate? 

(d) What gases are evolved when the following react with 
water? 

(i) Mg3N2 (ii)CaC2 (iii)Ca3P2 

3 . (a) Give three characteristics in which hydrogen resembles 

halogens. 

(c) Give three characteristics in which hydrogen resembles 
alkali metals. 

(c) Give four industrial uses of hydrogen. 

4 . Answerfliefollowing: 

(i) In which group of the periodic table, hydrogen is 
- placed? 

(ii) Which metals react with H2O or dilute HCl or dilute 
H2SO4 to evolve hydrogen? 

. (iii) Very pure hydrogen is obtained with rapidity by the 
action of caustic potash on scrap aluminium. What is 
the name of this method? 

(iv) Which zinc (pure or commercial) is used for the 
preparation of hydrogen in laboratory? 

^ (v) Which solution is used for the removal of ASH3 and 

, PH3 pre^nt in very sin^ amounte in hydrogen 

sanq>le? 

(vi) How is hydrogen obtained from natural gas? 

(vii) What type of hydrides are formed by the elements 
having low electronegativity? 

(viii) What is the temperature of oxy-hydrogen flame? 

Ox) What is percentage of ortho form in ordinary hydrogen 
at room temperature? 

(x) Which form of hydrogen is used for welding purposes? 

(xi) Which isotope of hydrogen is radioactive in nature? 

(xii) What is the use of heavy water in nuclear reactors? 


(xiii) What is the difference between the rates of reactions 
of D2O and H2O2? 

(xiv) How heavy water is obtained from ordinary wate? 

(xv) Why has D2O more demity than H2O? 

(xvi) What chemical change does occur when temporary 
hard water is boiled? 

(xvii) What is calgon? 

(xviii) What type of overlapping of orbitals occur in the 
formation of peroxo linkage (—O—O —) in H2O2 
molecule? — 

(xix) Name the chemical compound used in the preparation 
of H2O2 by auto-oxidation. 

(xx) Name the blue coloured compound formed in the 
reaction of H2O2 with acidifi^ K2Cr207 in ether, 

(xxi) How H2O2 acts as an antiseptic? 

(xxii) What volume of oxygen at NTP is obtained from 10 
mL of 10 volume H2O2? 

(xxiii) What is the principle in bleaching action of H2C^? 
(xxiv) How is concentration of H2O2 done? 

(xxv) Which SLCts as an oxidising agent in the reaction of 
H2O2 and O3? 

5. What happens when? 

(a) An alkaline solution of potassium ferricyanide is treated 

with hydrogen peroxide. (I.LT, 1989 ] 

(b) Chromium hydroxide is treated with hydrogen peroxide 

in the presence of NaOH. [M.L,N.R. 1992 ] 

(c) Concentrated solution of NH4HSO4 in H2SO4 is 
electrolysed using current of high density. 

(d) Hydrazine reacts with hydrogen peroxide. 

(e) Benzene is treated with H2O2 in presence of FeS04. 

(f) Lactic acid is treated wijtl| Fenton’s reagent. 

(g) Tin tetrahalide is treated with lithium aluminium hydride. 

(h) Sodium hydride reacts with diborane. 

(i) Hydrogen peroxide reacts with Ba(OH)2. 

(j) Sodium hypochlorite reacts with H2O2. 

6. 0 ) Give two reactions in e^h case to show that H2O2 

behaves as, 

(a) an acid, (b) a reducing agent, (c) an oxidising agent, 
(ii) Mention one c^yst in each case. 

(a) Which retards H2O2 decomposition. 

(b) Which accelerates H2O2 decomposition. 

7 . (i) Name the isotopes of hydrogen. 

(ii) How many protons, neutrons and electrons are present 
in the isotoj^s of hydrogen? 

(m) What is the molecular mass of heavy water? Give one 
chemical reaction only for the preparation of deuterium 
from heavy water. 
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(iv) Give two uses of heavy water. 

(v) Write two important uses of heavy hydrogen. 

(vi) How many different combinations of water are possible 

from iH‘, and gO‘®, gO^’ and gO^®? 

(vii) How does heavy water react with the following? 

(a)CaC2 (b)Mg3N2 (c)P205 (d)H2S04 

8. Write short notes on: 

fi) Nascent hydrogen 

(ii) Atomic hydrogen 

(iii) Ortho- and para- hydrogen 

(iv) Bosch’s process 

(v) Lane’s process (vi) Calgon 
(vii) Permutit method of softening water 

(viii) Ion-exchange method for removal of hardness of water 

(ix) Industrial applications of hydrogen 

(x) Strength of hydrogen peroxide * 

(xi) Zeolite 

9 , Explain the following: 

(i) Why are the melting and boiling points of D2O are 
higher than those of ordinary water? 

(ii) Presence of water is avoided in the preparation of H2O2 
fiomNa202« 

(iii) A mixture of hydrazine and H2O2 is used as a rocket- 
propellant. 

(iv) Hydrogen peroxide acte as an oxidising agent as well 

as a reducing agent. [LIT. 1992 ] 

(v) Hydrogen peroxide gives acidic properties. 

10 . The following statements are true under certain conditions. 
Mention the condition in each case in a few words. 

(i) Hydrogen reacts with oxygen to form water. 

(ii) Hydrogen reacts with rtitrogen to form ammonia. 

(iii) Hydrogen can be prepared from water at ordinary 
temperatures. 

(iv) A metal will liberate hydrogen by its reaction with dil. 
H2SO4. 

(v) The unsaturated hydrocarbon, ethylene, is saturated 
to ethane by hydrogen. 


■ Matching Type Questions 


Match the following: 

(a) Manufacture of Hydrogen 

ii) 

Boron hydiicfe 

(b) Ionic hydride 

(ii) 

Oxide of heavy 



hydrogen 

(c) Preparation of H2O2 

m 

Antiseptic and 

^«l(d) Electron deficient hydride 

(iv) 

germicide 

An artificial zeolite 

(e) Hard water 

(V) 

Mercks’ process 

(f) Heavy water 

(vi) 

Bosch’s process 

(g) Permutit 

(vii) 

Hydtolith 

(h) Perhydrol 

(viii) 

Scale in boilers 


NUMERICAL PROBLEMS 


1 . What mass of CaO will be required to remove the hardness 
of 1000 litres of water containing 1.62 g of calcium bicarbonate 
per litre? 

[Hint : Ca(HC 03)2 + CaO-> 2 CaC 03 + H 2 O + CO 2 ] 

162g 56g 

[Ans. 5.6xl0^g] 

2 . 100 raL of tap water containing Ca(HC03)2 was titrated with 
N /50 HCl with methyl orange as indicator. If 30 mL of HCl 
were required, calculate the tem|X)rary hardness as pMs of 
CaC03 per 10^ parts 8 f water. 

[Hint : 30 mL M50 HQ = 30 mL M50 Ca(HC 03)2 

s 30 mL N/50 CaC 03 = 100 mL tap water 
ExNxV 


Mass of CaC 03 in 100 mL tap water = 


im 

50 x 30 


= 0.03g 


“ 50 x 1000 

[Ans. Hardness = 300 ppm] 

3 . 20 mL of H2O2 after acidification with dilute H2SO4 required 
30 mL of iV /12 KMn04 for complete oxidation. Calculate the 
percentage of H2O2 in the solution. Equivalent mass of 
H202=17. 

[Hint ; 30 niL ^KMn 04 s 20 mL iV^H202 

30 I 

Normality of H 2 O 2 soln., ~ ^ g 

Strength = Normality x Eq. mass =|x 17 = 2,12^gL~* ■ 


2.125 

1000 


X 100"= 0.2125 


25 mL of hydrogen peroxide solution were added to excess oi 
acidified potassium iodide solution. The iodine so liberated 
F^uired 2 ^mLof 0.1 Nsodium thiosulphate solution. Calculate 
strength in terms of normality, percentage and volume. 

[M.L.N.E. 1996] 

[Hint : Let the normality of H 2 O 2 soln. be 
- 20 mL 0.1 N NaaSaOa s m mL 0.1 N h 
= 25mLN^H202 


Normality of H 2 O 2 , 


20x0.1 __ 2 
^^-^=0.08 


Strength = Eq. mass x normality 
= 17 X 0.08 = 1.36 gL“' 

Percentage =0.136 

68 g H 2 O 2 give oxygen at NTP = 22400 mL 
0.00136 g H 2 O 2 give oxygen at NTP 0.00136 

00 

= 0.448 mL 

1 mL of H 2 O 2 solution gives 0.448 mL oxygen.] 

5 . What is the volume strength of a molar solution of hydrogen 
peroxide? 

[Hint : 1 molar solution consists 34 g H 2 O 2 per litre.] 

[Ans. 11.2 volume] 
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6 . Calculate the ma^ of H 2 O 2 present in 600 mL of a 10 volume 
hydmgen pemxide solution. 

[Ans. 18.2 g] 

7. 10.2 g of pure H 2 O 2 are heated strongly tiU completely 
decomposed. Calculate the volume of oxygen evolved at ITC 
and 740 mm pressure. 

[Ans. 3792 mL] 



Answers : Subjective Type Questions 

1. (a) Deuterium 

(b) It is a mixture of CO and H 2 . 

(c) LiAlH 4 and NaBH 4 . 

(d) Elements of groups 7 ,8 and 9 do not form hydrides and even the 
elements of group 6 except chromium do not form hydride. This 
region of periodic table ftom group 6 to 9 is termed hydride gap. 

(e) Autoprotolysis of water means self ionisation of water. 

H2O + H2O HjO^ + OH” 

(f) The saline hydrides 

2. (a) Water (b) Water free from ail types of cations and anions is 

called deionised water. Yes. 

(c) Calgon (d) (i) NH 3 (ii) C 2 H 2 (iii) PH 3 

4. (i) No fixed position, sometimes placed in lA with alkali metals 

and sometimes in VIIA (or 17th) group with halogens. 

(ii) Metals having positive oxidation potentiai values or placed 
above hydrogen in the electrochemical series evolve hydrogen 
with water or dilute HCl or dilute H 2 SO 4 . 

(iii) Uyeno method, 

2A1 + 2 KOH + 2 H 2 O-^ 2 KAIO 2 + 3H2t 

(iv) Commercial zinc. 

(v) AgN 03 solution. 

(vi) Either by partial oxidation or cracking. 

(vii) Ionic hydrides. 

(viii) 2 S 00 X. 

(ix) 75. 

(x) Atomic hydrogen. 

(xi) Tritium. 

(xii) Heavy water is used as a moderator. It slows down the speed 
of fast neutmns. 

(xiii) The rates of reactions of D 2 O are slower than H 2 O. 

(xiv) By exhaustive electrolysis of ordinary water. 

(xv) The density of heavy hydrogen is twice that of hydrogen, 
hence the density of D 2 O is more than H 2 O. 

(xvi) Bicarbonates of Ca and Mg (soluble) are converted into 
iiMoluble carbonates. 

Ca(HC 03)2 -^ CaC 03 + H 2 O + CO 2 

(xvii) It is a conplex salt used as water softener. It’s chemical name 
is sodium hexametaphosphate, Na 2 [Na 4 (P 03 ) 5 ]. 

(xviii) p-p overlapping. 

(xix) Anthraquinone. 

(xx) CrOs, chromium peroxide, 

K2Cr207 + 4H2O2 + H2S04^^^ K2SO4 + 2QO5+5H2O 

(xxi) H 2 O 2 gives nascent oxygen that kills bacteria. 
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8 . Calculate the volume strength of a 5 iV hydrogen peroxide 
solution. 

[Hiiit: 5 N solution consists 85 g H 2 O 2 per litre.] 

[Ans* 28 volume] 

9* There is a sample of 10 volume of hydrogen peroxide solution. 
Calculate its strength in (i) per cent of hydrogen peroxide and 
(ii) grams of H 2 O 2 i^r litre. 

[Ans. 3.035%, 30.35 gL“‘] tM-L,N.IL 1990] 


(xxii) 100 mL. 

(xxiii) Oxidising nature. 

(xxiv) Concentration is done by vacuum distillation. 

(xxv) O3 acts as an oxidising agent while H2O2 acts as a reducing 
agent, H202+ 0(given by O3)->H20 + 02. 

5. (a) Potassium ferricyanide is reduced. 

2K3Fe(CN)6-t’2KOH +R 2 O 2 -> 2K^q(CN)6 + 2 H 2 O + O 2 

(b) Cr(OH)3 is converted into yellow coloured Na2Cr04._ __ 

2Cr(OH)3 + 4NaOH + 3H2O2-> 2Na2Cr64 + 8H2d 

(C) NH 4 HSO 4 ^ + NH 4 SO 4 

At anode : 2NH4SO4- > (NH4)2S20g + 2e" 

Ammonium 

peroxydisulphate 

At cathode : 2H^ + 2e~-> H2(g) 

(d) Hydrazine is oxidised to N2 and H2O 

N2H4+2H2O2 ->N2+4H20 

(e) Benzene in presei^e of FeS04 is converted into phenol. 

CfiHe + H2O2 -> CgHsOH + H2O 

(f) Lactic acid is oxidised to pyruvic acid 

FeS 04 

CH3CHOHCOOH + H2O2-^CH3C0C00H + 2H2O 

(g) Tin hydride is formed. 

SnCL, + LiAlH4 SnH4 + LiQ + AlQs 

(h) Sodium borohydride is formed. 

B2H6 + 2NaH-> 2NaBH4 

(i) H2O2 + Ba(OH)2-> Ba02 + 2H2O 

(j) NaOCl + H2O2-> NaQ + H2O 4- O2 

6. (i) (a) Na2C03 4- H2O2 > Na202 + H2O + CO2 

2NaOH + H2O2 -» Na202 + 2H2O 

(b) O3 + H2O2 ^ 2O2 4 

Ag20 4 H2O2 - > 2Ag 4 H2O 4 O2 

(c) H2S 4 H2O2 > S 4 2H2O 

PbS 4 4H2O2 -> PbS04 4 4H2O 

(ii) The decomposition of H2O2 is retarded by orthophosphoric 
mid while it is accelerated by presence of alkali or finely divided 
metals like Pt, Ag, Au, etc. 

7. (i) Thr^ isotopes (a) Protium (b) Deuterium (c) Tritium 


(ii) 

1 proton 

1 proton 

1 proton 


1 electron 

1 electron 

1 electron 


no neutron 

1 neutron 

2 neutrons 

{iii) 

20; 3Fe 4 4 D 2 O-> Fe 304 4 4 D 2 



(iv) (a) As a moderator (b) for production of deutero compounds. 

(v) (a) For tracer studies (b) for fusion reactions. 

(vi) 18 
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(vii) (a) 

CaCa 4 - 2D2O — 

—> Ca(OD)2 + C2D2 

(b) 

Mg3N2 4 - 6D2O — 

3 Mg(OD )2 -h 2ND3 

(c) 

P2O5 + 3D2O - 

2D3PO4 

(d) 

H2SO4 4 - D2O — 

-4 D2SO4 4 - H2O 


9, (i) D 2 O has more molecular mass and greater degree of association 
than H 2 O and thus shows higher m.pt. and b.pt* 

(ii) Water reacts with NaaOa to produce NaOH which increases 
the decomposition of H 2 O 2 . 

(iii) The reaction is highly exothermic. It brings large increase in 
volume also. 

N 2 H 4 + 2 H 2 O 2 -> N 2 (g) + 4H20(g) 

(iv) This is due to the following reactions. 

Oxidising agent: 


H 2 O 2 + 2 H'^+ le - > 2 H 2 O (acidic medium) 

H 2 O 2 + 2^” - > 20H“ (alkaline medium) 

Reducing agent: 

JJ2O2 -^ 2 H^ + O2 + 2 ^ 

(v) H 2 O 2 reacts with bases to form peroxides (salts) and water 

2NaOH •+• H 2 O 2 -^ Na 202 + 2 H 2 O 

Ba(OH)2 + H2O2 -> BaOa + 2H2O 

10. (i) On electrical sparking; (ii) At elevate tem^rature 
(500-550^0) and high pressure (2(X) atm.) in presence of a catelyst; 
(iii) By electrolysis or by the action of some metal like sodium in 
the form of amalgam; (iv) Provided the fK^sition of the metal is 
above hydrogen in the etetiochemical series; (v) In the presence 
of a catalyst at elevated temperatures. 

Amwei^ ; Matching Type Questions 

(a—^vi); (b—^vii); (c—^v); (d—i); (e—viii); (f—ii); (g—iv); (h—^iii) 



OBJECTIVE QUESTIONS 


1 . An inorganic substance liberates oxygen on heating and 
turns an acidic solution of KI brown and reduces acidified 
KMnOa solution. The substance is : 

(a) HgO (b) H2O2 

(c) KNO3 (d) Pb(N03)2 

Ans. (b) 

[Hint : 2 H 2 O 2 2 H 2 O + O 2 ; 

2KI + H 2 O 2 2KOH + I 2 ; 

Brown 

Acidified KMn 04 acts as an oxidising agent when it is 
decolourised, H 2 O 2 + O —-> H 2 O + O 2 .] 

2 . The volume strength of 10 A' H2O2 is : 

(a) 112 (h) 112 

(c) 0.112 (d) 56 

Ans. (d) 

[Hint : Volume strength = 5.6 x normality] 

3 . In which of the properties listed below, hydrogen does not 
show similarity with halogens? 

L Nature of the oxide 
H. Electropositive character 
m. Combination with alkali metals 
IV. Atomicity 

(a) landn (b) HI andTV (c) Ilonly (d) I and HI 
Ans. (a) 

[Hint : Hydrogen forms a neutral oxide, Le,, H 2 O (water) while 
the oxides of halogens are addic. Hydrogen shows 
electropositive nature also while halogens are mostly 
electronegative in natuie.] 

4. In which of the following reactions does hydrogen act as an 
oxidising agent? 

(a) H2 + F2-> (b) H2 + SiCl4-> 

(c) Na 4- H2-> (d) CuO 4- H2-> 

Ans. (c) 


[Hint ; The reaction in which hydrogen accepts the electron or 
its oxidation number changes from 0 to -1, it acts as an 
oxidising agent 2Na H2-> 2Na’*" H",] 

5. When H2O2 is added to ice cold solution of acidified 
potassium dichromate in ether and the contents are shaken 
and allowed to stand : 

(a) a blue colour is obtained in ether due to formation of 
Cr 2 (S 04 ) 3 . 

(b) a blue colour is obtained in ether due to formation of 
QO5. 

(c) a blue colour is obtained in ether due to formation of 
003. 

(d) chromyl chloride is formed. 

Ans. (b) 

[Hint : CrjOf’ + lit + 4H2O2 2Cr05 + 5H2O] 

Blue colour 
in ether 

6 . Mass percentage of deuterium in heavy water is : 

(a) same as that of protium in water 

(b) 11,1 

(c) 20,0 (d) cannot be predicted 

Ans. (c) 

[Hint : The formula of heavy water is D2O, ie., molecular mass 
= 20 

% of deuterium = 100 = 20 ] 

7. 2 g of aluminium is treated separately with excess of dilute 
H2SO4 and excess of NaOH. The ratio of volumes of hydrogen 
evolved under similar conditions of pressure and temperature 
is : 

(a) 2 : 3 (b) 1:1 (c) 2:1 (d) 1: 2 

Ans, (b) 

[Ifint I 2A1 + 3H2SO4-^ Al2(S04)3 + 3H2 ; 

2A1 + 2NaOH + 2 H 2 O-> 2NaA102 + SHa 

Thus, ratio of volumes of hydrogen evolved is 1:1] 
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8 . In which reaction, hydrogen peroxide neither acts as an 
oxidising agent nor as a reducing agent? 

(a) PbS + H2O2-^ (b) SO3 + H2O2-> 

(c) Pb02 + H202—^ (d) Na2C03 + H202-> 

Ans. (d) 

[Hint : H2O2 behaves as an acid when reacts with Na2C03. 
Na2C03 4- H 2 O 2 -^ Na202 + CO 2 + H 2 O] 

9. Which one of the following reactions does not form gaseous 
product? 

(a) Pb02 + H2O2-> (b) PbS + H2O2-> 

(c) a2 + H202-^ (d) Na2C03 + H202-> 

Ans. (b) 

[Hint : PbS + 4H2O2-^ PbS04 4 4H2O] 

(Solid) (Liquid) 

10. What is the degree of hardness of a sample of water 
containing 24 mg of MgS04 (molecular mass 120) per kg of 
water? 

(a) 10 ppm (b) 15 ppm (c) 20 ppm (d) 25 ppm 
Ans. (c) 

[Hint : 24 mg of MgS04 present in lO^g of water 

lO^g water will contain = 24000 mg of MgS04 - 24 g of 

MgS04 

120 g of MgS04 s 100 g of CaCOa 
So, 24 g of MgS04 = X 24 = 20 g of CaCOj 
Hardness of water = 20 ppm] 

11. In alkaline medium, H2O2 reacts with Fe^"*^ and Mn^"^ 

separately to give: [J,EJl. (Orissa) 2(M)6] 

(a) and (b) and 

(c) Fe^+ and Mn"^ (d) Fe'^ and Mn^"^ 

Ans. (c) 

[Hint : K3Fe(CN)5 is reduced by H2O2 in alkaline medium. 


2 K 3 Fe(CN )6 + 2 KOH + H2O2-> 2 K 4 Fe{CN )6 

+ 2H2O + O2 
Mn(OH)2 is oxidised by H2O2 in alkaline medium, 
Mn(OH)2 + H2O2-> MnOi + 2H2O] 

12 . When a substance A reacts with w^^r, it produces a 
combustible gas B and a solution of substance C in water, D 
reacts with this solution of C and produces the same gas B 
on warming. D can also produce gas B on reaction with dilute 
H2SO4. A imparts a deep golden yellow colour to smokeless 
flame. A, B, C and D respectively are : 

(a) Na, H2, NaOH, Zn (b) K, H2, KOH, A 1 

(c) Ca, H2, Ca(OH)2, Sn (d) CaC2, C2H2, Ca(OH)2, Fe 

Ans. (a) 

[Hint: 2 Na +2H2O-^ 2 NaOH + H2 

(A) (C) (B) 

Gives golden yellow j ^ 

colour to flan^ j Zii(D) warm 1 

Zn + H2S04--^ZnS04 + H^^ 

(I» Dilute (B) 

13 . Polyphosphates are used as water softening agents because 
they : 

(a) form soluble complexes with anionic species 

(b) precipitate anionic species 

(c) form soluble complexes with cationic species 

(d) precipitate cationic sj^ies 
Ans. (c) 

14 What is false alK)ut H2O2? 

(a) Acts both as oxidising and reducing agent 

(b) Two OH bonds lie in the same plane 

(c) Pale blue liquid 

(d) Can be oxidised by O3 
Ans. (b) 

[Hint : Two OH bonds lie in the different planes.] 
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OBJeCTIVG QUeSTIONS 

- 


Set I : This set contains questions with one correct answer. 



1 . Hydrogen has the tendency to gain one electron to acquire 


helium configuration, in this respect it resembles: 

(a) alkali metals □ (b) carbon □ 

(c) alkaline earth metals □ (d) halogens □ 

Z Pure hydrogen is obtained by carrying electrolysis of: 

(a) water containing H2SO4 □ 

(b) water containing NaOH □ 

(c) Ba(OH)2 solution * □ 

(d) KOH solution □ 

3 . In Bosch’s process which gas is utilised for the production 
of hydfcgen? 

(a) Producer gas □ (b) Water gas □ 

(c) Coal gas □ (d) Natural gas □ 

4 . In which property listed below hydrogen does not resemble 
alkali metals? 

(a) Nature of oxide □ 

(b) Reducing nature □ 

(c) Tendency to form cation □ 

(d) Presence of one electron in valence shell □ 

5 . Adsorbed hydrogen by palladium is known as: 

(a) atomic □ (b) nascent □ 

(c) occluded □ (d) heavy □ 


6. The conversion of atomic hydrogen into ordinary hydrogen 
is: 

(a) exothermic change □ (b) endothermic change □ 
(c) nuclear change □ (d) photochemical change □ 

7 . The gas used in the hydrogenation of oils in presence of 


nickel as a catalyst is: 

(a) methane □ (b) ethane □ 

(c) ozone □ (d) hydrogen □ 

8. The isotopes of hydrogen known is/are: 

(a) 4 □ (b) 3 □ 

(c) 2 □ (d) 1 □ 

9 . Tritium contaii^. ..... neutron/neutrons. 

(a) 4 □ (b) 3 □ 

(c) 2 □ (d) 1 □ 

10 . Tritium undergoes radioactive decay giving: 

(a) a-paiticles □ (b) p-particles □ 

(c) neutrons □ (d) y-rays □ 

11 . The decay product of tritium is: 

(a) 1 h ■ □ (b) iH □ 

(c) 2 He □ (d)^He □ 

12 . Deuterium differs from hydrogen in: 

(a) chemical properties □ (b) physical properties □ 

(c) both physical and chemical properties □ 

(d) radioactive properties □ 

13 . In which of the following reactions does hydrogen act as 
an oxidising agent? 

(a) H2 + F2 -^ □ (b) CH2=CH2 + H2-> □ 

(c)PK) + H2-> □ (d)Ca + H2-> □ 


14 . Heavy water is qualified as heavy because it is: 

(a) a heavy liquid □ 

(b) an oxide of a heavier isotope of oxygen □ 

(c) an oxide of deuterium □ 

(d) denser than water □ 

15 . Both temporary and permanent hardness in water is removed 

by: ^ ^ ^ 

(a) boiling □ 0>) filtration , 

(c) distillation □ (d) decantation 

16 . Both temporary and permanent hardness is removed on 
boiling water with: 

(a) Ca(OH)2 □ (b) Na2C03 □ 

(c) CaCOa □ (d) CaO □ 

17 . Temporary hardness is caused due to the^presence of:_ 

(a) CaS04 O (b) Caa2 □ 

(c) Ca€03 □ (d) Ca(HCC^)2 □ 

18 . Permutitis: 

(a) hydrated sodium aluminium siHcate □ 

(b) sodium hexametaphc^phate □ 

(c) sodium silicate □ 

(d) sodium meta-aluminate □ 

19 . Calgon is an industrial name given to: 

(a) normal sodium phosphate □ 

(b) sodium meta-aluminate □ 

(c) sodium hexametaphosphate □ 

(d) hydrated sodium aluminium silicate □ 

20 . Which of the following is not a water softener? 

(a) Calgon O (b) Permutit □ 

(c) Na2C03 □ (d) Na2S04 □ 


21. W^en the same amount of zinc is treated separately with 
excess of sulphuric acid and excess of sodium hydroxide, the 


ratio of volumes of hydrogen evolved is: 

(a) 1:1 □ (b) 1: 2 □ 

(c) 2:1 □ (d) 9:4 □ 

22 . The temporary hardness of water due to calcium bicarbonate 
can be removed by adding: 

(a) CaCOs □ (b) Caa2 □ 

(c) HCl □ (d)Ca(OH)2 □ 

23 . WTiich elements out of the following do not prcxiuce 
hydrogen on treatment witli caustic soda? 

(i)Zn (ii)Sn (iii)Cu (iv)Ca (v)Al 

(a)(i)and(v) □ (b) (iii)and(iv) □ 

(c) (ii) and (iv) □ (d) (iv) and (v) □ 

24 . 'Fhe exhausted permutit is generally regenerated by perco¬ 
lating through it a solution of: 

(a) sodium chloride □ (b) calcium chloride □ 

(c) magnesium chloride □ (d) barium chloride □ 

25 . The oxide that gives H2O2 on treatment with a dilute acid is: 

(a) PbOa □ (b) Mn02 O 

(c) Na202 □ (d) Ti02 □ 
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26 . Hydrogen gas wiU not reduce: 

(a) heated cupric oxide □ (b) heated ferric oride □ 
(c) heated stannic oxide □ (d) heated aluminium oxide □ 


27 . Heavy water is: 

(a) H^ □ (b) DjO □ 

(c) water at 4 ®C □ 

(d) water obtained by repeated distillation □ 

28 . The sum number of neutrons and protons in one of the 
isotopes of hydrogen is: 

(a) 3 □ (b) 4 □ 

(c) 5 □ (d) 6 □ 

29 . A commercial sample of H2O2 is labelled as ‘ 15 volume’. Its 
percentage strength is nearly: 

(a) 1 % □ (b) 4 . 5 % □ 

(c) 10 % □ (d) 90 % □ 

30 . The decomposition of H2O2 can be slowed down by the 

addition of small amount of phosphoric acid which acts as: 

(a) stopper □ (b) detainer □ 

(c) inhibitor □ (d) promoter □ 

31 . The colour of hydrogen is: 

(a) yellow □ (b) orange □ 

(c) red □ (d) none □ 

32 . Hydrogen is evolved by the action of cold dilute HNO3 on: 

(a) Fe □ (b) Cu □ 

(c) Mg □ (d) A 1 □ 

33 . Hard water is not fit for washing clothes because: 

(a) it contains Na2S04 and KCl □ 

(b) it gives precipitate with soap □ 

(c) it contains impurities □ 

(d) it is acidic in nature □ 


34 . Hydrogen peroxide is not: 

(a) a reducing agent □ (b) an oxidising agent □ 

(c) a dehydrating agent □ (d) a bleaching agent □ 

35 . In the laboratory H2O2 is prepared by the action of : 


(a) cold dilute H2SO4 on hydrated Ba02 □ 

(b) dil.HClonMn02 □ 

(c) cold H2SO4 on Mn02 □ 

(d) aqueous alkali on Na202 □ 

36 . Which of the following hydride is most volatile? 

(a) Hydrolith □ (b) Oxidane □ 

(c) Sodium hydride □ (d) Azane □ 

37 . The bleaching properties of H2O2 are due to its: 

(a) reducing pmperlies □ (b) oxidising properties □ 

(c) unstable nature □ (d) acidic nature □ 

38 . For the bleaching of hair, the substance used is: 

(a) SO2 n (b) bleaching powder □ 

{c)H 202 □ (d )03 □ 

39 . The reaction, H2S + H2O2 ^ S + 2H2O manifests: 

(a) acidic nature of H2O2 □ 

(b) alkaMne nature of H2O2 □ 

(c) oxidising action of H2O2 □ 

(d) reducing nature of H2O2 □ 

40. H202is: 

(a) an oxidising agent □ 

(b) both oxidising and reducing agent ‘ □ 


(c) reducing agent □ 

(d) none of the above □ 

41 . Which hydride is called alanate ? 

(a) CMl2 □ (b) UAM4 □ 

(c) NaBH4 □ (d) AIH3 □ 

42 The volume of ‘ 10 voL’ of H2O2 required to liberate 500 mL 
O2 at NTP is: 

(a) SOraL □ (b) 25 mL □ 

(c) lOOmL □ (d) 125 mL □ 

43 . Hydrogen peroxide has a: 

(a) linear structure □ 

(b) closed chain structure □ 

(c) closed book type structure □ 

(d) half open book type structure □ 

44 . Hydrogen peroxide does not: 

(a) liberate iodine from KI □ 

(b) turn the titanium salt yellow □ 

(c) give silver peroxide with moist silver oxide □ 

(d) turn the mixture of aniline, KCIO3 and dil. H2SO4 violet 

□ ' 

45 . Hydrogen peroxide was for the fiist time prepared by: 

(a) Priestley □ (b) Thenard □ 

(c) Gay-Lussac □ (d) Bernard □ 

46 . Hydrogen peroxide is a: 

(a) liquid □ (b) gas □ 

(c) solid □ (d) semi-solid □ 

47 . Hydrogen peroxide is: 

(a) in the form of a dilute solution □ 

(b) in pure form □ 

(c) in impure form □ 

(d) in gaseous state □ 

48 . When 50 % solution of H2SO4 is electrolysed by passing a 
current of high density at low temperature the main p’oducts 
of electrolysis are: 

(a) oxygen and hydrogen □ 

(b) H2 and peroxy disulphuric acid □ 

(c) H2 and SO2 □ 

(d) O2 and peroxy disulphuric acid □ 

49 . Which one of the following reactions shows oxidising 
nature of H2O2? 

(a) H2O2 + 2KI-^2KOH + l2 □ 

(b) CI2 + H2O2-> 2 HC 1 + O2 □ 

(c) H2O2 + Ag20- > 2 Ag + H2O + O2 n 

(d) NaC10 + H202->NaCl + H20 + 02 □ 

50 . Ortho and Para hydrogen differ: 

(a) in the number of protons □ 

(b) in the molecular mass □ 

(c) in the nature of spins of protons □ 

(d) in the nature of spins of electrons □ 

51 . Decolourisation of acidified potassium permanganate occurs 
when H2O2 is added to it. This is due to: 

(a) oxidation of KMn04 □ 

(b) reduction of KMn04 □ 

(c) both oxidation and reduction of KMn04 □ 

(d) none of the above □ 
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52 . Which of the following metals adsorbs hydrogen? 

(a) Zn □ (b) Pd □ 

(c) A 1 □ (d) K □ 

53 . The permanent hardness of water can be removed by boiling 
the water with: 

(a) NaOH □ (b) NaaCOs □ 

(c) Na3P04 □ (d) all the three □ 

54 . Hydrogen reacts with the following in the dark: 

(a) Bra □ (b) Fj □ 

(c) la □ (d) Cla □ 

55 . HaOa reduces KjFefCNlg in: 

(a) neutral solution □ (b) acidic solution □ 

(c) alkaline medium □ (d) non-polar medium □ 

56 . In which of the following reactions does water act as an 


oxidising agent? 

(a) SFa+SHaO-> 6HF + O3 □ 

(b) CaCa+ZHaO-> Ca(OH)2 + CaHa □ 

(c) C + HaO->CO + Ha □ 

(d) AIN+3H2O->A 1 ( 0 H )3 + NH 3 □ 

57 . The species that do not contain peroxide ions are: 

(a) PbOa □ (b) HaOa □ 

(c) StOa □ (d) BaOa □ 

58 . The ‘volume strength’ of 1.5 iV HaOa solution is: 

(a) 4.8 □ (b) 8.4 □ 

(c) 3.0 □ (d) 8.0 □ 

59 . When zeolite, which is hydrated sodium aluminium silicate, 

is treated with hard water the sodium ions are exchanged with: 

(a) H* ions □ (b) Ca^ ions □ 

(c) SO 4 “ions □ (d) OH" ions □ 

60 . Which of the following statements is incorrect? [BHU 2008 ] 

(a) H2O2 can act as an oxidising agent, □ 

(b) H2O2 can act as a reducing agent □ 

(c) H2O2 has acidic properties □ 

(d) H2O2 has basic properties □ 

61 - The hybrid state and oxidation state of two oxygen atoms in 

H2O2 are respectively : 

(a) s/, -1 □ (b) sp^, +1 □ 

(c)^/,-! □ (d)s/,+l □ 

62 . Given colourless liquid will be determined whether it is water 
or not? 

(a) By smelling □ 

(b) By tasting □ 

(c) By phenolphthalein □ 

(d) By adding a pinch of anhydrous CUSO4 □ 

63 . Heavy water is used in atomic reactor as: 

(a) coolant □ 

(b) moderator □ 

(c) both coolant and mtxi^tor □ 

(d) neither coolant nor moderator □ 

64 . Heavy water freezes at: 

(a) O^C □ (b) 3 . 8 *^C □ 

(c) 3 S^C □ (d) - 3 . 8^0 □ 

65 . Hydrogen does not combine with: 

(a) He □ (b) Na □ 

(c) Sb □ (d) Bi □ 


66. Hydrogen directly combines with: 

(a) Ca □ (b) Mg □ 

(c) Ai □ (d) Cu □ 

67 . The metal which displaces hydrogen from a boiling caustic 
soda solution is: 

(a) Ag □ (b) Zn □ 

(c) Mg □ (d) Fe □ 

68. Hydrogen peroxide is used as: 

(a) oxidising agent □ 

(b) mducing agent □ 

(c) both as oxidising and reducing agent □ 

(d) drying agent □ 


69 . The melting points of most of the solid substances increase 
with an increase of pressure acting on them. However, ice 
melts at a temperature lower than its usual melting point when 


the pressure is increased. This is because: 

(a) ice is less dense than water □ 

(b) it generates heat □ 

- (e) chemical bonds break under pressure □ 

(d) none of the above □ 

70 . A mixture of hydrazine and H2O2 is: 

(a) antiseptic □ (b) rocket fuel □ 

(c) germicide □ (d) insecticide □ 

71 . Decomposition of H2O2 is accelerated by: 

(a) traces of acids □ (b) acetanilide □ 

(c) finely divided metals □ (d) alcohol □ 

72 . The shape of water molecule is same as that of: 

(a) C2H2 □ (b) CO2 □ 

(c) NH3 □ (d) CI2O □ 

73 . 20 mL of a sample of H2O2 gives 400 mL of oxygen 

measured at NTP. The sample should be labelled as: 

(a)5voLH202 □ (b)dil.H202 □ 

(c) anhydrous H2O2 □ (d) 20 vol. H2O2 □ 

74 . An orange coloured solution acidified with H2SO4 and treated 
with a substance 'X' gives a blue coloured solution of CrOs. 
The substance ‘Z’ is: 

(a) H2O □ (b)dU.HCl □ 


(c) H2O2 □ (d)couc.HCl 

75 . Consider the two reactions: 

(x) H2O2 + H2S —^ S + 2H2O 

(y) H202 + 03^->202 + H20 

H2O2 acts as: 


(a) oxidising agent in both (;c) and (y) □ 

(b) oxidising in (x) and reducing in (y) □ 

(c) reccing in (x) and oxidising in (y) □ 

(d) reducing in both (x) and (y) □ 

76. Hydrogen can be placed in YilA (or 17th group) of periodic 
table because: 

(a) hydrogen forms hydrides like NaH □ 

(b) hydrogen has isoto|^s D and T □ 

(c) it is light □ 

(d) hydrogen combines with halogens □ 

77. H 2 O 2 ->2H'" + 02 + 2e~ £"^ = --0.68 V 


The above equation represents which of the following 
behaviour of H2O2? 
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78. 


79. 


80. 


81. 


82. 


(a) Reducing □ (b) Oxidising 

(c) Acidic □ (d) Catalytic 

Which of the following is a true structure of H 2 O 2 ? 


180 ° 

(a) H 

H H 


□ (b) 


H' 




\ 


H 


(c) O 


94 « 94 * 




O 


□ (d) >0=0 

w 


□ 

□ 

□ 


□ 


Hydrolysis of one mole of peroxydisulphuric acid produces: 

(a) two moles of sulphuric s^dd □ 

(b) two moles of peroxymonosulphuric acid □ 

(c) one mole of sulphuric acid and one mole of peroxy¬ 
monosulphuric acid □ 

(d) one mole of sulphuric acid, one mole of peroxymonos- 
uiphuric acid and one mole of hydrogen peroxide □ 

[Hint : H2S2O8 + H2O-> H2SO4 + H2SO5I 


Which of the following is correct for hydrogen? 

(a) It can form bonds in +1 as well as -1 oxidation stated □ 


(b) It is collected at catho^, □ 

(c) It has a very high ionisVtion potential □ 

(d) All of the above / * □ 

Which of the following statements is correct? 

(a) Hydrogen has same ionisation potential as sodium □ 

(b) H has same electronegativity as halogens □ 

(c) It wiU not be liberated at anode □ 

(d) H has oxidation state +1 and -1 □ 

Consider the following statements: 


I. Atomic hydrogen is obdlned by passing hydrogen 
through an electric arc. 

II. Hydrogen gas will not reduce heated aluminium oxide, 

III. Finely divided palladium absorbs large volume of 
hydrogen gas. 

IV. Pure nascent hydrogen is best obtained by reacting Na 
withC 2 H 50 H. 

Which of the above statements is/are correct? 


[S.CR.A. 2001] 

(a) I alone □ (b) H alone □ 

(c)I,nandin □ (d)n,fflandIV □ 

83. Match List I with List II and select the correct answer using 
the codes given below in the lists: [S.C^RA, 2001 ] 

Listl List II 


1. Heavy water 

2. Tamporaiy hard water 

3. Soft water 

4. Permanent hard water 

Codes: 

(a) 1-C,2~D,3-B,4-A 

(b) 1-B,2-A, 3-C,4-D 

(c) 1-B,2-D,3-C,4-A 

(d) l-C,2-A,3-B,4-D 


A. Bicarbonates of Mg and 
Ca in water 

B. No foreign ions in wata: 
C D 2 O 

D. Sulphates and chlorides 
of Mg and Ca in water 

□ 

□ 

□ 

□ 


84, 


85. 


86 . 


87. 


The H—O—^H angle in water molecule is about: 

[AJ™.C. 2001 ] 

(a) 90® □ (b) 180® □ 

(c) 102® □ (d) 105® □ 

When two ice cubes are pressed over each other, they unite 
to form one cube. W^ich of the following forces is respon¬ 
sible to hold them together ? [A.F,M.C. 2001] 

(a) Hydrogen bond formation □ 

(b) van der Waais* forces □ 

(c) Covalent attraction □ 

(d) Ionic interaction □ 

The process used for the removal of hardness of water is: 


[E,A,M»C.EX 2001] 

(a) Calgon □ (b) Baeyer , □ 

(c) Serpeck □ (d) Hoope ^ □ 

In which of the following reactions, H 2 O 2 acts as a reducing 
agent? [EA.M.CEX2001I 

(a) Pb 02 (^) + H 202 (a^.)^— ^VhOis) + HsO® + O 2 (g) □ 


,(b) m2^0siaq.).± EiOilaq,) -> Na 2 S 04 (a^.) 4 - %0(i) O 

(c) 2KI(a^.) + H202(a^.)^ 2KOH(a^.) + Us) □ 

(d) KN02(a^.) + H202(a^.)^-> KNO^fo^.) + HaOcO □ 


88 . Action of water or dilute mineral acids on metals can give: 

[M.E.E. (Kerala) 2002] 


(a) Monohydrogen □ (b) Tritium □ 

(c) Dihydrogen □ (d) Trihydrogen □ 

(e) D 2 □ 

89. H 2 O 2 is “5.6 volume”, then: 

(a) it is 1.7% weight by volume □ 

(b) it is 1V □ 

(c) both is true □ 

(d) none is true □ 

90. H 2 can be obtained from: 

(a) water gas (CO + H 2 ) by liquefaction of CO at low 

temperature under pressure □ 

(b) water gas by oxidation of CO into CO 2 (by steam) which 

can be easily removed by dissolving in H 2 O □ 

(c) electrolysis of water or NaOH □ 

(d) all are correct □ 


91. Out of the following metals which wiU give H 2 on reaction 
with NaOH? 


I:Zn,n:Mg,in:Al,IV:Be 

(a)i,n,in,iv □ (b)i,ni,iv □ 

(c) n,iv □ (d)i,ra □ 

92. Out of LiH, MgH 2 and CuH: 

(a) all are ionic hydrides □ 

(b) LiH, MgH 2 are ionic and CuH is covalent □ 

(c) all are covalent □ 

(d) LiH is ionic, MgH 2 and CuH are intermediate □ 

93. Which of the following metals will give H 2 on reaction with 

NaOH? [P.EX (Raj.) 2003] 

(a) & □ (b) Ba □ 

(c) & □ (d) Sr □ 
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94. Which of the following is used as rocket fuel ? 

[RE.T. (Raj.) 2003] 

(a) Liquid O 2 □ (b) Liquid N 2 □ 

(c) Liquid NH 3 □ (d) Liquid Ha □ 

95. Water is considered to be polluted if the dissolved oxygen 

(DO) content is less than...ppm. [EA.M,C.EX 2W3] 

(a) 5 □ (b) 10 □ 

(c) ,15 □ (d) 100 □ 

96. Which of the following could act as propellant for rockets? 

[A.I.EJIJE.2003] 

(a) Liquid oxygen + liquid argon □ 

(b) Liquid nitrogen + liquid oxygen □ 

(c) Liquid hydrogen + liquid oxygen □ 

(d) Liquid hydrogen + liquid nitrogen □ 

97. On burning hydrogen in air the colour of flame is: 

[A.EM.C. 2003] 

(a) green □ (b) light bluish □ 

(c) yeUow □ (d) none of these □ 

98. Surface water contains: [A.F.M.C. 2003] 

(a) suspended impurities □ 

(b) organic impurities □ 

(c) salt □ 

(d) salt and orgmiic com^und □ 

99. Water is oxidised to oxygen by: [P.E.T. (Kerala) 2W3] 

(a) Ozone □ (b) KMn 04 □ 

(c) H 2 O 2 □ (d) F 2 □ 

(e) a 02 □ 

100. Number of H~bonds formed by a water molecule is: 

lM.aLM.S. (Wardha) 2003] 

(a) 2 □ (b) 8 □ 

(c) 1 □ (d) 4 □ 

101. Water softening by Clarke’s process uses: 

[P.M.T. (Kerala) 2003] 

(a) calcium bicarbonate □ 

(b) sodium bicarbonate □ 

(c) potash alum □ 

(d) calcium hydroxide □ 

(e) sodium aluminate □ 

102. The H—O—O bond angle in H 2 O 2 is : [C.E.E. (Kerala) 2004] 

(a) 107.28^ □ (b) 109.28^ □ 

(c) 104.5® □ (d) 97® □ 

103. Which is false about H 2 O 2 ? [D.C.E. 2005] 

(a) Acts both as oxidising and reducing agent □ 

(b) Two OH bonds lie in the same plane □ 

(c) Pale blue liquid □ 

(d) Can fje oxidised by O 3 □ 

104. When electric current is passed through an ionic hydride in 

molten state: [EE.T (Kerala) 2005] 

(a) hydrogen is liberated at anode □ 

(b) hydrogen is liberated at cathode □ 

(c) hydride ion migrates towards cathode □ 

(d) hydride ion remains in solution □ 

105. Among CaH 2 , NH 3 , NaH and B 2 H 5 , which are covalent 

hydrides? [J.EJ). (Orissa) ^5] 

(a) NH 3 and B 2 H 6 □ (b) NaH and CaH 2 □ 


(c)NaHandNH 3 □ (d) CaHaandB 2 H 6 □ 

106. Hydrogen is not obtained when zinc reacts with: 


tC.E.T. (J & K) 2005] 
(a) steam □ (b) hot NaOH elution □ 

(c) cone. H 2 SO 4 □ (d) dilute HCl □ 

107. The hardness of water sample containing 0.002 mole of mag¬ 
nesium sulphate dissolved in a litre is expressed as: 

[REX (Kerala) 2007] 
(a) 20 ppm □ (b) 200 ppm □ 

(c) 2000 ppm □ (d) 120 ppm □ 

(e) 240 ppm □ 

[Hint: 0.002 mol = 240 x 10"^ g = 200 x 10"^ ] 

MgS 04 MgS 04 CaCOs 

108. Match list I with list II. Choose the correct matching codes 

from the choices given: [P.E.T. (Kerala) 2007] 

List I Listn 


A. BeH2 

B. AsHa 

C. B 2 H 6 

D. LaHa 
E LiAia, 


4. Conqjloc 

2. Lewis acid 

3. Interstitial 

4. Covalent 

5. Intermediate 

6. Ionic 


(a) A-6,B-2,C-4,D-5,E-1 □ 

(b) A-6.B-2,C-4,D~3,E-1 □ 

(c) A-6,B-4,C-2,D-3,E-5 □ 

(d) A-6,B-4,C-2,D-3,E-1 □ 

(e) A-5,B-4,C-2,D-6,E-1 □ 

109. When hydrogen peroxide is added to acidified potassium 

dichromate, a blue colour is produced due to the formatiojsi 
of: [P.E.T. (Kerala) 2007] 

(a) C 1 O 3 □ (b) CraOs □ 

(c) C 1 O 5 □ (d) CtOl" C 

(e) CraOa Q 

110. The hybridization of oxygen atom in H 2 O 2 is : 

[RMX (Kerala) 2007; CJV1.C. (VeUore) 200S] 

(a) sp^d O (b) jp □ 

(c) sp^ □ (d) sp^ □ 

(e) sp^d^ □ 

111. Hydrogen can be prepared by the action of dilute H 2 SO 4 on: 


(a) copper 
(c) lead 

112. Match the following; 

Set I 


[A.LIJVI.S. 2007] 

□ (b) iron □ 

□ (d) mercury O 

Setn 


A. 10 vol. H 2 O 2 

B. 20 vol. H 2 O 2 
C 30 vol. H 2 O 2 
D. 100 vol. H 2 O 2 
The correct match is: 

(a) A-4,B-3,C-2,D-1 

(b) A-l,B-2,C-3,D-4 

(c) A - 1, B - 3, C - 2, D - 4 

(d) A-4,B-2,C-3,D- 1 


1. Perhydrol 
1 5.358 iV 

3. 1.785 M 

4. 3.03% 

[E.A.M.C.E.T. (Med.) 2007] 

□ 
□ 
□ 
O 
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113. The alkali metals form salt like hydrides by direct synthesis 
at elevated temperatures. The thermal stabihty of these 
hydrides decreases in which of the following orders? 

[C.B.S.E. 2008] 

(a) NaH>LiH>KH>RbH>CsH □ 

(b) LiH>NaH>KH>RbH>CsH □ 

(c) CsH>RbH>KH>NaH>LiH □ 

(d) KH<NaH<LiH>CsH>RbH □ 

114. In context with the industrial preparation of hydrogen from 

water gas (CO + H 2 ) which of the following is the correct 
statement? [A.LE.E.E. 2008] 

(a) CO is oxidised to CO 2 with steam in the presence of a 
catalyst followed by absorption of CO 2 in alkali □ 

(b) CO and H 2 are fractionally separated using difference in 

their densities □ 

(c) CO is removed by absorption in aqueous CU 2 CI 2 □ 

(d) H 2 is removed through occlusion with Pd □ 

115. The bond angle and dipole moment of water respectively are: 

[J.E.E. (Orissa) 2008] 

(a) 109.5M.84D □ (b) 107.5°,!.56 D □ 

(c) 104.5°, 1.84 D □ (d) 102.5°, 1.56 D □ 

116. Which one of the following is used for reviving the exhaust 

permutit? [D.C.E.' 2008] 

(a) HCl solution □ (b) 10% CaCl 2 solution □ 

(c) 10% MgCl 2 solution □ (d) 10% NaCl solution □ 

117. Which of the following is not correct regarding the 

electrolytic preparation of H 2 O 2 ? [D.C.E. 2008] 

(a) Lead is used as cathode □ 

(b) 50% H 2 SO 4 is used □ 

(c) Hydrogen is liberated at anode □ 

(d) sulphuric acid undergoes oxidation □ 

118. Blackened oil painting can be restored into original form by 

the action of : [J.E.E. (W,B.) 2009] 

(a) Chlorine □ (b) Ba 02 □ 

(c) H 2 O 2 □ (d) Mn 02 □ 

119. Some statements about heavy water are given below : 

(i) Heavy water is used as a moderator in nuclear reactors. 

Set II: The following questions may have more than one correct answer. 


(ii) Heavy water is more associated than ordinary water. 

(iii) Heavy water is more effective solvent than ordinary water. 

Which of the above statements are correct? tC.B.S.E. 2010 ] 
(a) (i) and (ii) □ (b) (i), (ii) and (iii) □ 

(c) (ii) and (iii) □ (d) (i) and (iii) □ 

120 . The following can convert hard water into soft water : 

tC.E.C.E. (Bihar) 2010 ] 

(a) Sodium palmitate □ 

(b) H2O2 □ 

(c) Lead nitrate □ 

(d) ^ Sodium aluminium silicate □ 

121 . H2O2 is a : [C.E.C.E. (Bihar) 2010 ] 

(a) monobasic acid □ (b) dibasic acid □ 

(c) neutral compound □ (d) weak alkali □ 

122 . Which one of the following compounds is a peroxide? 

[C,B.S.E. (P.M,T.) Pre. 2010 ] 
(a) KO2 □ (b) Ba02 □ 

(c) Mn02 □ (d) NO2 □ 

123 . Ortho and para hydrogen have : [J.E.E. (W.B.) 201 BL 

(a) identical chemical properties but different physical 

properties □ 

(b) identical physical and chemical properties □ 

(c) identical physical properties but different chemical 

properties □ 

(d) different physical and chemical properties □ 

124 . CO + H2 

^ X (catalyst) ^ 

The catalyst X is : [J.E.E. (Orissa) 2010 ] 

(a) Fe □ (b) Cr203/Zn0 □ 

(c) V2O5 □ (d) AI2O3 □ 

125 . Which one of the following undergoes reduction with H2O2 

in an alkaline medium ? [RE.T. (Kerala) 2010 ] 


.2+ 


(a) Mn^ 

(c) PbS 

(d) l2 

[Hint : HOCl + H2O2 


□ (b) HOCl 


2+ 


□ (d) Fe^ 

□ 

HCl + H2O + O2] 


□ 

□ 


126. Which of the following metals on treatment with NaOH will 
liberate H 2 gas? 

(a) Zn □ (b) Sn □ 

(c) A1 □ (d) Mg □ 

127. When zeolite, which is hydrated sodium aluminium silicate, 
is treated with haid water, the-sodium ions are exchanged 
with: 

(a) H'*' ions □ (b) SO?” ions □ 

(c) Ca^ ions □ (d) Mg ''' ions □ 

128. Hydrogen will reduce: 

(a) heated cupric oxide □ (b) heated ferric oxide □ 

(c) heated zinc oxide □ (d) sodium oxide □ 

129. Which of the following pairs of substances on reaction will 
evolve H 2 gas? 

(a) Iron and dilute H 2 SO 4 □ 

(b) Copper and dilute HCl □ 


(c) Sodium and ethyl alcohol □ 

(d) Iron and steam □ 

130 . The oxides which give H2O2 on treatment with dilute acid 
are: 

(a) Pb02 □ (b) Mn02 □ 

(c) Na202 □ (d) Ba02 □ 

131. The oxidation states of the most electronegative element in 
the products of the reaction between Ba02 with dilute H2SO4 
are: 

(a) -1 □ (b) + 1 □ 

(c) - 2 □ (d) 0 □ 


[Hint ; Ba02 + H2SO4-> BaS04 + H2O2. The most electro¬ 

negative element in products is oxygen. The oxidation state 
of oxygen in H2O2 is -1 and in BaS04 is -2.] 

132. In which of the following hydrides, hydrogen exists in 
negative oxidation state? 
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(a) HCl □ 

(b)NaH 

□ 

134. Which of the following 

heated oxides are 

reduced by 

(c) CaHi □ 

(d)HI 

0 

hydrogen? 



An acidified solution of KMn 04 undergoes reduction with: 

(a) Sn 02 

□ (b)Al 203 

□ 

(a) H 2 


□ 

(c) Fe 203 

□ (d)CuO 

□ 

(b) Zn/Cu couple and H 2 O 


□ 

135. The reagent(s) used for softening the tenmporary hardness 

(c) Na + absolute alcohol 


□ 

of water is (are): 


[LI.T. 2010] 

(d) 2MH[2^f^4 


□ 

(a) Ca 3 (P 04)2 

□ (b)Ca(OH )2 

□ 




(c) Na 2 C 03 

□ {d)NaOa 

□ 
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93. 

(a) 

94. 

(d) 

95. 

(a) 

96. 

(c) 

97. 

(b) 

98. 

(a) 

99. 

(d) 

100. 

(d) 

101. 

(d) 

102. 

(d) 

103. 

(b) 

104. 

(a) 

105. 

(a). 

106. 

(c) 

107. 

(b) 

108. 

(e) 

109. 

(c) 

no. 

(d) 

111. 

(b) 

112. 

(a) 

113. 

(b) 

114 

(a) 

115. 

(c) 

116. 

(d) 

117. 

(c) 

118. 

(c) 

119. 

(a) 

120 . 

(d) 

121. 

(b) 

122. 

(b) 

123. 

(a) 

124. 

(b) 

125. 

(b) 

126. 

(a,b,c) 127. 

(c,d) 

128. 

(a,b,c) 129. 

(a,c,d) 

130. 

■(c,d) 

131. 

(a,c) 

132. 

(b,c) 

133, 

(b,c.d) 

134. 

(a,c,d) 

135. 

(b,c) 
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Objective Questions for IIT ASPIRANTS 



1 . Hydrogen behaves as an oxidising agent in its reaction with: 
(a) chlorine □ (b) potassium □ 

(c) nitrogen □ (d) sulphur □ 

[Hint ; An oxidising agent is a sf^cies which accepts an electron 
or electrons. Hydrogen accepts an electron from potassium 
when it forms KH 

H 2 + 2K-^ 2KH 

2* Hydrogen cannot be obtained by: 

(a) Zn + diL H 2 SO 4 □ (b) Zn -i- dil HNO 3 □ 

(c) Mg + H 2 O □ (d) Mg + dil. H 2 SO 4 □ 

[Hint : Zn reacts to form hydrogen with dilute HNO 3 , Before the 
hydrogen is released, it reduce HNO 3 into an oxide of 
nitrogen.] 

3. Hydrogen peroxide ionises as : H 2 O 2 H**” + HO 2 . If pH 
of H 2 O 2 is 5.91 at 25°C, the ionic product of H 2 O 2 is: 

(a) 1.51x10“*^ □ (b) 1.15x10"^^ □ 

(c) 1 X □ (d) I'.l X10-^^ □ 

[Hint : [Hi at 25“C = = 1.23 x M; 

[HOi] = 1.23 X 10“® M 

K = [Hi [HOi] = [1-23 X lO'l^ = 1.51 x 10‘‘1 


4. Which of the following hydrides conducts electricity? 

(a) SiHt □ (b) B 2 H 6 □ 

(c) CH 4 □ (d) KH □ 

[Hint : KH is a crystalline solid, in molten state it conducts 
electricity as it possesses K'^ and HT ions.] 


5. 

The correct increasing order of the acidity of CO 2 , H 2 O and 


H202is: 




(a) C 02 <H 2 P 2 <H 20 

□ (b) H20<H202>C02 

□ 


(c) H 2 O < H 2 O 2 < CO 2 

□ (d) H202<H20<C02 

□ 

6. 

Hydrogen combines with other elements by: 



(a) losing an electron 


□ 


(b) gaining an electron 


□ 


(c) sharing an electron 


□ 


(d) (a), (b), (c) all are correct 

□ 

7. 

Metallic hydride is formed by: 



(a) iron 

□ (b) manganese 



(c) palkdium 

□ (d) molybdenum 

0 



1 . (a) 2 . (b) 3 . (a) 4 . (d) . 5 . (c) 6 . (d) 7 . (c) 


Matrix Matching Questions for IIT Aspirants 


1 . Match List-I with List-II: 

List-I List-II 

(a) Hard water , (p) Ca(HC03)2 

(b) Temporary hardness (q) MgS04 

(c) Sodium ion in zeolite gets (r) 

exchanged with 

(d) Permanent hardness (s) 

2 , Match List-I with List-II: 

List-I List-n 

(a) 2 Al + 2 KOH + 2H2O-^ (p) Vivification 

2KAIO2 + 3H2 

(b) Fe304 + 4 CO- > (q) Involved in Lane's process 

. 3 Fe + 4CO2 



(c) Fe304 + 4H2-> 

3 Fe + 4H2O 

(d) C + n^CXg) -> 

CO(g) + H2T 

3 . Match List-I with List-II: 
List 4 

(a) LiAW4 

(b) NaBH4 

(c) CaHa 

(d) LiH 


(r) Uyeno’s method 

(s) Bosch process 


List-n 

(p) Binary hydride 

(q) Used as reducing agent for 
organic compounds 

(r) Complex hydride 

(s) Alanate 



1. ‘'Xa 2 p;q) (b-p) (c-r, s) (d-q) 3 . (a-q, r, s) (b-q, r) (c^p) (d-p) 

2 . •(a-f)' ' (b-p, q): (c-p, q)" (d-s) ' • 
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Assertion-Reason Type Questions 


The following questions consist of two statements each, 
Assertion (A) and Reason (R). You are required to choose any 
one of the following responses for each question* 

(a) If both (A) and (R) are true and the (R) is a correct expla¬ 
nation of the (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) If (A) is true but (R) is false. 

(d) If (A) k false but (R) is true. 

(e) If both (A) and (R) are false. 

1. (A) Alkali metals form ionic hydrides. 

(R) Alkali metals lose their valency electron which is accepted 
by hydrogen to form a negative ion. 

2. (A) When blood is added to a solution of H 2 O 2 , the solution 

bubbles furiously. 

(R) Catalase (an enzyme) present in blood decomposes H 2 O 2 
and produces bubbles of O 2 . 

3. (A) Old lead paintings regain their original colour by washing 

with hydrogen peroxide solution. 

(R) Hydrogen peroxide dissolves the blackened layer by 
virtue of its acidic nature. 


4. (A) The process of adsorption of hydrogen on palladium is 

known as occlusion. 

(R) The adsorbed hydrogen is inore active than ordinary 
hydrogen. 

5. (A) Hydrogen is prepared in the laboratory by the action of 

cqnc. H 2 SO 4 on zinc metal. 

(R) Pure hydrogen can be obtained by the action of water 
on sodium hydride. 

6 .. (A) Hard water is used in a nuclear reactor. 

(R) Dilute solution of H 2 O 2 under the name of perhydrol is 
used in medicines as antiseptic for washing wounds, 
teeth, ears, ete. 

7* (A) Normal hydrogen consists of a mixture of two forms : 
orthoT75%) and para (25%). 

(R) Pure ortho form can be obtained at low temperature but 
pure para form cannot be obtained. 

8 , (A) H 2 O 2 is a linear molecule. 

(R) Each oxygen is ^p-hybridized. 

9. (A) NaCl is less soluble in heavy water thmi in ordinary water. 
(R) Dielectric constant of ordinary water is more than that of 

heavy water. " rEA.M.CE.T. (En^) 20 C^] 


1. (a) 


2 . (a) 


3. (c) 


4. (b) 


5. (d) 


6 . (d) 


7. 0 


iL 


8 . (e) 


9. (a) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 




Hydrogen is thought to account for approximately 75% of the 
mass of the universe. Our sun and other stars, for instance, are 
composed mainly of hydrogen, which serves as their nuclear fuel. 
On earth, though hydrogen is rarely found in its uncombined state 
because earth’s gravity is too weak to hold such light molecules. 
Nearly all the H 2 originally present in the earth’s atmosphere has 
been lost to space. In the earth’s crust and oceans, hydrogen is 
found in water, petroleum, proteins, carbohydrates, fats and 
literally millions of other compounds and is ninth most abundant 
element on a mass basis. 

There are three isotopes of hydrogen : protium or ordinary 
hydrogen (IH); deuterium or heavy hydrogen (^H or D) and tritium 
(iH or T). The chemical properties of the three isotopes are similar 
because they have same electron configuration. The physical 
properties of thr^ isotopes are different due to difference in their 
masses, i.e., isotope effects. 


The reaction of hydrogen and oxygen is highly exothermic, and 
gas mixtures that contain as little as 4% by volume hydrogen in 
oxygen (or in air) are highly flammable and potentially explosive. 

2H2(g) -h 02 (g)-> 2H20(g) MF = -484 kJ 

Hydrogen is an enormously attractive fuel because it is 
environmentally clean. 'Hydrogen economy’ is a new field in which 
it is thought that our energy needs can be meet by gaseous, liquid 
and solid hydrogen. Since hydrogen is not a naturally occurring 
substance like coal, oil or natural gas, energy must be expended 
to produce hydrogen before it can be used. Current research 
therefore focuses on finding cheaper methods for extracting 
hydrogen. 

1. Which ftiel does produce least environmental pollution ? 

(a) Gasoline (b) Hydrogen 

(c) Wood (d) Coal 

2. If an isotope of hydrogen has two neutrons in its atom, its 
atomic number and atomic mass number will respectively be; 
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(a) 2 and 1 (b) 3 and 1 

(c) 1 and 1 (d) 1 and 3 

3. Which of the following gas is lightest? 

(a) Oxygen (b) Nitrogen 

(c) Hydrogen (d) Helium 

4, Which isotope of hydrogen is radioactive in nature? 

(a) Protium only (b) Deuterium only 

(c) Deuterium and tritium (d) Tritium only 

5, Abundance of H 2 in the earth’s atmosphere is very small 
This is because : 

(a) the earth’s gravity is weak to hold light molecules 

(b) the hydrogen is inflammable 

(c) the hydrogen readily combined with oxygen of 
atmosphere 

(d) the hydrogen is diatomic in nature 

6 . Liquid H 2 has been used as a rocket ftiel because of : 

(a) high thrust 

(b) its reaction with oxygen is highly exothermic 

(c) small space it occupies 

(d) all these are correct 

THOUGHT 2 


Red Hot Coke 
+ 

Steam 


lOOCfC 


• ’X’ - 

t 

Steam 


50(fC 

Catalyst 

<n 


4 ' A’ + H 2 


1. The above sequence refers to : 

(a) Lane’s process (b) Bosch’s process 

(c) Haber’s process (d) Ostwald’s process 

2* ^X’is: 

(a) water gas (b) producer gas 

(c) coal gas (d) oil gas 

3, ‘A’is: 

(a) carbon monoxide (b) oxygen 

(c) carbon dioxide (d) water 

4, The catalyst T’ is : 

(a) V 2 O 5 (b) Ni 

(c) Fe (d) Cr 203 +Fe 203 

5, ‘A’ is removed by passing the gaseous mixture : 

(a) through water under high pressure of 25 atmospheres 

(b) through acidic solution 

(c) through alkaline solution 

(d) through an organic solvent 

THOUGHTS 




Hydrogen peroxide is a powerful oxidising agent. It is an 
electron acceptor in acidic and alkaline mediums. 

H 2 O 2 + 2 H+ 1 2e -> 2 H 2 O (in acidic medium) 

H 2 O 2 + 2e - > 20 H’ (in alkaline medium) 

It can also act as a reducing agent towards powerful oxidising 
agents; 

H 2 O 2 - >2}f + 02 + 2e 


GR.B. Inorganic Chemistry for Competitions 

In alkaline medium, however, its reducing nature is more 
effective. 

H202 + 20H-->2H20 + 02 + 2e 


1 . 


2 . 


In which of the following reactions, H2O2 acts as a reducing 
agent ? 

(a) Pb02 + H2O2-> PbO + H2O + O2 

(b) Na2S03 + H2O2-^ Na2S04 H2O 

(c) 2 KI + H2O2-» 2 KOH +12 

(d) KNO2 + H2O2-> KNO3 + H2O 

In which of the following reactions, H2O2 a;ts as an oxidising 
agent ? 

(a) IO4 + H2O2-^ IC3 + H2O + O2 

(b) 2 r + H2O2 + 2 H^-> I2 + 2H2O 

(c) Ag20 + H2O2-> 2 Ag + H2O + O2 

.2+ 


-4 2Mn^'" + 8H2O + 5O2 
-4 H 2 O + 2 O 2 , H 2 O 2 acts as : 


5. 


(d) 2 Mn 0 i + 6 ir + 5H202- 
In the reaction, H 2 O 2 + O 3 - 

(a) an acid 

(b) an oxidising agent 

(c) a reducing agent 

(d) both as a r^ucing agent and an oxidising agent 
IHnt : O3 acts as an oxidising agent ds it gives oxygen which 

oxidised H2O2. 

H2O2 + O-> H2O + O2] 

The bleaching properties of H 2 O 2 are due to its : 

(a) unstable nature (b) acidic nature 

(c) reducing nature (d) oxidising nature 

Decolourisation of acidified KMn 04 occurs when H 2 O 2 is 
added to it. This is due to : 

(a) oxidation of KMn 04 

(b) reduction of KMn 04 

(c) both oxidation and reduction of KMn 04 

(d) none of the above 


THOUGHT 4 




On large scale, H 2 O 2 is prepared by hydrolysis of peroxy- 
disulphuric acid obtained by electrolysis of 50% H 2 SO 4 . The 
strength of H 2 O 2 is expressed in number of ways namely 
normality, molarity, percentage strength and volume strength. 
Volume strength refers to the volume of O 2 obtained at NTP by 
decomposition of ImL of H 2 O 2 solution. 

!• The volume of 20 volume H 2 O 2 solution that decolourises 
2D0 mL of 2 iV KMn 04 solution in acidic m^ium is: 

(a) 112mL (b) 336mL 

(c) 200mL (d) 224mL 

20 


[Wat : Nonnality of 20 volume H2O2 ~^ 

y = 112 mL 


|2xV = 2x200 

J.D 


or 


2. Hydrolysis of one mole of peroxydisulphuric acid gives: 

(a) two moles of H 2 SO 4 

(b) two moles of Caro’s acid 

(c) one mole of H 2 SO 4 and one mole of H 2 SO 5 

(d) one mole of H 2 SO 4 , one mole of H 2 SO 5 and one mole of 

H2O2 
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3. The volume strength of 1.5 iV H 2 O 2 solution is: 

(a) 48 (b) 5.2 

(c) 8.8 (d) 8.4 

[Hint : Volume strength = 5.6 x normality] 

4. Commercial 11.2 volume H 2 O 2 solution has molarity of: 

(a) 1.0 (b) 0.5 

(c) 112 (d) 1.12 

^ . Volume stiength, 

[Hint : Molanty =-_p--s— ] 


5. What is the volume of O 2 liberated at NTP by complete 
decomposition of 100 mL of 2 M solution of H 2 O 2 ? 

(a) 22.4L (b) 2.24L 

(c) 0.224L (d) 224L 

[Hint : Volume sttength = 112 x Molarity = 22.4 
100 mL = 0.1 L, Le., 22,4 x 0.1 
= 2.24 L O 2 released ] 



Thought 1 

l.(b) 

2 .(d) 

3.(c) 

4(d) 

S.(a) 

6 .(d) 

Thought 2 

l.(b) 

2 . (a) 

3. (c) 

4.(d) 

5. (a) 


Thought 3 

l.(a) 

2 .(b) 

3.(c) 

4.(d) 

5.(b) 


Thought 4 

l.(a) 

2 .(c) 

3.(d) 

4 (a) 

5. (b) . 




RMIN 


1, What is the oxidation state of hydrogen in N 3 H and NH 3 ? 
Indicate the ^nature of these compounds. 

[Hint :N 3 H (Hydrogen in +1 state; acidic) 

-3+3 

NH 3 (Hydrogen in +1 state; basic)] 

2. Write two examples of bridging hydrogens. 


H\ /H\ /H 
Ans. >B< >B<' OC~ 


Cp cp) 

CO CO 


3* Write down hydrogen bonded coordinated water in hydrates. 

M 


Hx Hv I H 

Hint: yO—M; \o—M; >0 

W h/ I H 

M 


4. What is mass in grams of available O 2 per litre from a solution 
of H 2 O 2 , 10 mL of which when titrated with iV/20 KMn 04 
solution, required 25 mL for the reaction? 

2KMn04 -h 5H2O2 + 4H2SO4-> 

5 O 2 + 8 H 2 O + 2 KHSO 4 + 2 MnS 04 
[Hint : NiVi (KMn 04 ) = N 2 V 2 (H 2 O 2 ) 

1 


2qX 25 =iV2X 10 
^2 

W = iV X Eq. mass = 


25 

200 8 


1 


X 16 = 2 g] 


5. Excess of KI and dil H 2 SO 4 were mixed in 50 mL H 2 O 2 . The 
liberated I 2 requires 20 mL of 0.1 iV Na 2 S 203 . Find out the 
strength of H 2 O 2 in g/htre. 





[Hint : 


ViVi (H 2 O 2 ) - V 2 V 2 (hypo) 

Vi X 50 = 0.1 X 20 

rs 

g/litre strength = V x Eq. mass 

= ^x 17 = 0.68 g/litre ] 

6. What is Fenton’s reagent? 

[Hint : used as oxidising agent or dehydrogenating 

agent for organic compound.] 

7. In some tooth pastes hydrogen peroxide is used. What is role 
of H 2 O 2 in it? 

[Ans. Hydrogen peroxide is used as antiseptic.] 

8. Hydrogen peroxide acts as oxidising agent in acidic as well 
as basic mediums. Substantiate this fact by electrode poten¬ 
tial data. 

[Ans. H 2 O 2 + 2H'" + 2e~- = 2 H 2 O ; = 1.77 V 

O 2 + 21 C + 2^" = H 2 O 2 ; = 0.68 V 

HOi + H 2 O 2e'^ = 30ir ; = 0.87 V] 

9. There are three samples of H 2 O 2 labelled as 10 vol; 15 vol; 
20 vol. Half litre of each sample are mixed and then diluted 
with equal volume of water. Calculate volume strength of 
resultant solution. 

[Hint : We know, V= 5.6 x N 


^'= 5 . 6 ’ ^ 2 = 5.6 


N'z 


'5£ 


= 1.339 

Volume siiength = N^x 5.6 = 1.339 x 5.6 = 7.5] 
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10. Answer the following questions: 

(a) Indicate whether ortho or para hydrogen has zero 
nuclear spin, 

(b) Indicate whether ortho or para hydrogen can be obtained 
in pure form, 

[Ans, (a) Para hydrogen 

(b) At OK 100% para hydrogen can be obtained,] 

11. Predict whether H 2 O 2 acts as oxidising or reducing agent in 
following reactions: 

a) I0i+H202-^ IC^ + O 2 4 . H 2 O 

(ii) PbS + 4 H 2 O 2 -> PbS04 + 4 H 2 O 

(iii) AgjO + H 2 O 2 - > 2Ag + H 2 O + O 2 

(iv) AU 2 O+H 2 O 2 -^ 2 Au+H 20 + 02 

(v) 2r + H 202 + 2H'^->I 2 + 2 H 20 

[Ans. (i), (iii)s (iv) Reducing agent; (ii), (v) Oxidising agent] 

12. A 5 mL of H 2 O 2 solution liberates 0.508 g I 2 from an acidified 
KI solution. Calculate strength of H 2 O 2 solution in terms of 
volume strength at STP. 

[Ans. 448] 

Hfint ; 2KI -i- H 2 O 2 —> 2KOH + I 2 

1 moie I mole 

254 g I 2 is produced by 1 mole H 2 O 2 
0.508 g I 2 is produced by — x 0.508 mole H 2 O 2 = 2 x 10'’^ 
number of moles 

Molarity of H 2 O 2 = volume in mL ^ 

= ^ j X 1000 = 04 

Volume strength = Molarity x 11.2 = 04 x 11.2 = 448] 

13. How many types of heavy water* are possible? Write down 
formulae of all possible heavy water molecules. 

[Ans. There are six possible heavy water molecules 

18 17 16 

H—0-^D, D, H—O^D, 

16 17 18 

D^O^D, D, D-^O^^D] 

14. What is perhydrol? Give its composition and use. 

[Ans. 30% H 2 O 2 is called peihydrol which is used as an antiseptic 
and germicide for washing wounds, teeth and ears.] 

15. Give an example in which H 2 O acts as reducing agent. 

[Ans. 2 F 2 + 2 H 2 O-^ O 2 + 4HF 

In above reaction, H 2 O acts as reducing agent.] 

16. How the active hydrogen can be obtained? 

[Ans. Active hydrogen can be obtained by subjecting molecular 
hydrogen to silent electric discharge at ordinary temperature 
and 0.5 mm pressure. This hydrogen has great chemical 
activity. The halftife period of active hydrogen is similar to 
that of atomic hydrogen (0.3 sec).] 

17. Answer the following questions: 

(i) Which of the following cannot be oxidised by H 2 O 2 ? 
KI; 03 ;PbS;Na 2 S 03 


(ii) Hydrogen peroxide is used to wash old oil paintings.Write 
down the reaction involved in this process. 

(Mi) H 2 O 2 on reaction with ethene gives a commercially 
important compound. Write down name of this compound 
and its use. 

(iv) Arrange CO 2 , H 2 O and H 2 O 2 in decreasing order of acidic 
nature. 

(v) Give the pH of D 2 O and H 2 O at 298 K. 

[Ans. (i) O3 (ii) PbS + 4H2O2 PbS04 + 4H2O 

CH2OH 

(iii) I ; It is used as antifreeze in the radiator of car. 

CH2OH 

(Ethylene glycol) 

(iv) CO2 > H2O2 > H2O 

(v) 7.35 and 7 . 0 ] 

18. [A] + Na[Cr(OH) 4 ][B] [C] 

Yellow Orange coloured 

coloured solution compound 

What are [A], [B] and [C]? Give the reactions involved. 

[Hint : 2 NaCr(OH )4 + 2 NaOH + 3H2O2-^ 2Na2Cr04 + 8H2O 

[A] [B] 

2Na2Cr04 + H2SO4 " — > Na2Cr207 + Na2S04 + H2O] 
[B] [Q 

19. Two hquids (A) and (B) are made of same elements and are 
diamagnetic. Liquid (A) on treatment with KI and starch gives 
blue coloured solution, however, liquid (B) is neutral to lit¬ 
mus and does not give any response to starch iodide papa:. 
[Ans. (A) ^ H2O2 ; (B) ^ H2O] 

20. Volume strength of H 2 O 2 is 22.4. What volume of it is 
required to oxidise 3.4 g H 2 S gas? 

[Ans. 100 mL] 

21. 25 mL H 2 O 2 on treatment with excess of acidified KI solution 
liberates iodine. Liberated iodine requires 20 mL of 0.3 N 
Na 2 S 203 solution. Calculate volume strength of H 2 O 2 
solution. 

[Ans. 1 . 334 ] 

{Hint : ViFi(H 202) = V2F2(Na2S203) 

Vi x 25 = 0.3 X 20 
Ni = 0.24 

Volume strength of H2O2 = Normality x 5.6 

= 0.24 x 5.6 = 1 . 344 ] 

22. Naturally hard water is usuaEy preferred in drinking and soft 
water in working why? 

[Ans. Soft water is usually acidic and contains ions in place 
of di- and trivalent metal ions. An increased in take of Na*^ is 
known to be related to heart disease and moreover the acidic 
soft water is more likely to attack metallic pipes, resulting 
in the solution of dangerous ions such as One way to 
avoid sodium ions in drinking water and to use less soap 
when washing would be to drink naturally hard water and 
work in soft water.] 
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The answer to each of the following quesUons is a single 
digU integer, ranging from 0 9. 

1. What is the sum of protons, electrons and neutrons in the 
heaviest isotope of hydrogen? 

2. How much volume of 10 volume H 2 O 2 is required to liteate 
50 cm^ of oxygen at STP? 

3* One mole of calcium phosphide on reaction with excess of 
water gives .» . . mole/s of phosphine. 


4. A commercial sample of H 2 O 2 is labelled as ‘ 10 volume'. What 
is its percentage strength? 

5* What is the degree of hardness of a sample of water 
containing 6 mg of MgS 04 (molecular mass 120) per kg of 
water? 

6. What is the molarity of a commercial sample of 33.6 volume 
hydrogen peroxide solution? 


I 


1. (4) In tritium atom one proton, one electron and two neutrons are 

present, 

2. (5) 10 mL of O 2 is obtained at STP from H 2 O 2 = 1 mL 

3. (2) Ca 3 P 2 6 H 2 O-> 3 Ca(OH )2 + 2 PH 3 

4. (3) 2 H 2 O 2 ->2H20+ O 2 

68 g 22400 ml 

68 

10 mL of oxygen is obtained from =-x 10 = 0.03 g H 2 O 2 

22400 

1 mL of H 2 O 2 solution contains - 0,03 g H 2 O 2 
100 mL of H 2 O 2 solution contains = 3,0 g H 2 O 2 


5, (5) 6 mg of MgS 04 present in 10^ g of water. 

10^ g water will contain = 6000 mg of MgS 04 = 6g of MgS 04 
120 g of MgS 04 = 100 g of CaC 03 
100 , 

So, 6 g of MgS 04 =^ —x6== 5 g of CaCOs 
Hardness = 5 ppm 

d. (3) Molarity ^ Volume strength ^33^ ^3 
11.2 11.2 
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Alkali Metals and 
their Compounds 

(Group lA or 1, ns*) 


6.i| POSITION OF ALKALI METALS IN PERIODIC TAB i 

The members of Group lA or 1, except hydrogen are called the alkali metals, 
because they react with water to form alkaline solutions. All the group 1A elements 
are soft silvery-grey metals. Their valence electron configurations are ns^, where 
n is the period number, and their physical and chemical properties are dominated 
by the ease with which the single valence electron can be removed. The group 
lA of the periodic table consists of six elements—^lithium, sodium, potassium. 


Contents : 

6.1 Position of Alkali Metals in Periodic Table 
6J1 Abnormal Behaviour of Lithium 
6.2.1 Diagonal Relationship: 

Similarities with Magnesium 
6.3 Lithium 
6 A Sodium 

6.5 Compounds of Sodium 
6-6 Potassium 


rubidium, caesium and francium besides hydrogen. These elements are collectively 
called as alk^ metals and group lA is known as alkali group as the hydroxides 
of these metals are soluble in water and these solutions are highly alkaline in 
nature. The word alkali has been derived from Arabic word 'Alquilf meaning the 
ashes of plants from which compounds of sodium and potassium were first 
isolated. They are soft enough to cut with a knife (Fig. 6.4). The alkali metals are 
the most reactive of all metals, reacting readily with water and air. The alkali 
metals, being reactive in nature, are never found free in nature but always found 
in combined state. The alkali metals are so reactive that, they must be stored under 
oil prevents the reaction of alkali metals with oxygen arid water vapour in 


the air. 



Of all the alkali metals, only sodium and potassium are found in abundance in 
nature, te., they are seventh and eighth most abundant elements by weight in 
earth’s crust. Their compounds are very common and have been known and used 
from very early times. The last member, francium, occurs only in traces as a 
radioactive decay product because its half life period is very small, Le,, 21 
minutes. Thus, not much is known about this element. The following table shows 
the percentage and relative abundance of alkali metals in earth's crust by weight. 


Element 

Percentage 

Relative abundance 

Li 

0.0018 

35 

Na 

2.27 

7 

K 

1.84 

8 

Rb 

0.0078 

23 

Cs 

0.00026 

46 


Each alkali metal occupies a place just after a member of Zero group. Except 
first period, rest of the six periods of the periodic table start with a member of 
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alkali group. Next to the elements of Zero group, alkali metals form the most homogeneous of all the groups of the periodic table. 
The members of this group show a marked resemblance in their properties and possess the same electronic configuration. There 
is gradual gradation in the properties with the increase of atomic number. This justifies their inclusion in the same group of the 
periodic table. The main properties of alkali metals are discussed below for this justification. 


s 1. Eleetronlo Configui^tfon 


The arrangement or the distribution of electrons on various subshells in the atoms of alkali metals is given below : 


Element 

At No. 

Electronic c^idUguratkiii 

Configuration of the 
valency shell 

Ii 

3 

2 , 1 

2 s^ 

2 s^ 

Na' 

11 

2 , 8, 1 

2*2 2p®, 3s' 

35* 

K 

19 

2 , 8, 8, 1 

2 s^ 2/7^, 3^ 3p^, 4s^ 

4** 

Rb 

37 

2 , 8, 18, 8, 1 

Is^, 2 s^ 2/7^, 3s^ 3/?^ 3d^^, 4^^ 4p^, 5^^ 

5*' 

Cs 

55 

2 , 8, 18, 18, 8, 1 

1 *2, 2 s2 2 p^, 3*2 3p® 4*^ 4p^ 4J'°, 5*2 6*' 

6 *' 

Fr 

87 

2 , 8, 18, 32, 18, 8, 1 

1*2, 2*2 2/, 3*2 3/ 4*2 4p^ 4d'°4f'‘^, 5*2 5/ 5d '.6s^6p^Js' 

7s' 


The outermost shells of these elements have one electron 
and the penultimate (next to outermost) shells contaiaS electrons 
except in the first member, lithium, which contains 2 electrons, 
which is the atomic number of helium. Since, the last electron 
enters nr-orbital, these are called s-block elements. 

Lithium shows somewhat abnormal properties as its 
electronic configuration is slightly different than the rest of the 
members. Because of their similarity in electronic configuration, 
[noble gas] they are placed in the same sub group, Le,, lA 
of the periodic table and closely resemble in their physical and 
chemical prop^es. 

^ 2. Physical Properties 

(a) All the alkali elements are silvery white solids. These are 
soft in nature and can be cut with the help of knife except the 
lithium. When freshly cut, they have a bright lustre which 
quickly fades due to surface oxidation. 

The silvery lustre of alkali metals is due to the presence of 
highly mobile electrons of the metallic lattice. There being only 
a single electron per atom, the metallic bonding is not so 
strong. As a result of this, these metals are soft in nature. 
However, the softness increases with increase of atomic number 
because there is continuous decrease of metallic bond strength 
on account of an increase in atomic size. Bigger is the si:^ of 
metal kernel weaker is the metallic bonding. 

(b) Atomic and ionic radii: Group lA atoms am the 
largest in their horizontal periods in the periodic table. When 
the outermost electron is removed to give a fx)sitive ion, the 
size decreases considerably. There are two reasons for this : 

(i) The outermost shell of electron has been completely 
removed, 

(ii) The positive charge on the nucleus is now acting on 
lesser number of electrons, i.e,, attraction increases which 
brings contraction in size. 

Atomic as well as ionic size increases from Li to Fr due to 
the presence of one extra shell of electrons. 


Li Na K Rb Cs 

Metallic radii (pm) 152 186 227 248 265 

Ionic radii (pm) 76 102 138 152 167 

Atomic volume also increases as the atomic numba* increases. 

Li Na K Rb Cs 

At. volume (mL) 13.0 23.7 44.4 55.8 69.3 

(e) Density : All are light metals. The densities are low. 

Lithium, sodium and potassium are lighter than water, for this 
very reason they float on water. Density gradually increases in 
moving down from Li to Cs. Potassium is, however, lighter 
than sodium. 

Li Na K Rb Cs 

Density (g/mL) 0.54 0.97 0.86 1,53 1.87 

The reason for the low values is that these metals have high 
atomic volumes. The abnormal value of potassium is due to 
unusual increase in atomic size, Le., atomic volume, 

(d) Melting and boiling points : The energy binding the 
atoms in the crystal lattices of these metals is relatively low on 
account of a single electron in the valency shell. Consequently, 
the metals have low melting and boiling points. These decrease 
in moving down from Li to Cs as the metallic bond strength 
decreases or cohesive force decreases. 



U 

Na 

K 

Rb 

Cs 

Melting point (K) 

454 

371 

336 

312 

302 

Boiling point (K) 

1615 

1156 

1032 

961 

944 


(e) Ionisation eneigl^ and electn^pc^tive character: 
Due to their large size, the outermost electron is far from the 
nucleus and can easily be removed. Their ionisation energies 
or ionisation enthalpies are relatively low. Thus, the metals 
have a great tendency to lose the ns^ electron to change into 
ions. These metals are highly electropositive in nature. As 
the ionisation enthalpy decreases from Li to Cs, the electropositive 
character increases, i.e,, metallic character increases. The 
reactivity of these metals increases from Li to Cs. * 


*(i) In gaseous state cx)valent molecules of M 2 type are also known, 
(ii) Cs metal has golden yellow appearance. 
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-:U ■ 

Na 

K 

Rb 

Cs 

Ioni$ation enth^py, 

(kJ moF^) 

, 520 . 

496 

419 

403 

376 



Decreases 



Electropositive or 
metallic nature 



Increases 



Reactivity 



Increases 




The electron is so loosely held that even the low energy 
photons (light) can eject this electron from the metal surface. 
This property is termed as photoelectric effect. K and Cs are 
used in photoelectric cells which are sensitive to blue light. 

(f) Oxidiation stat^ : The alkali metals can lose their 
ns^ electron quite easily to form univalent positive ion, 

The ion has a stable configuration of an inert gas. 


U* 

He-configuration 

Na-" 

Ne-configuratioti 


Ar-configuration 

Rb+ 

Kr-configuration 

Cs* 

Xe~configiiration 


The energy required to pull out another electron from M’^ 
ion is very high, i.e., the second ionisation enthalpy values are 
high. 

U Na K Rb Cs 
l2(kJmor‘) 7298 4562 3051 2633 2230 

Consequently, it is not possible for alkali metals to form 
ions under ordinary conditions. These metals, thus show 
only one oxidation state, Le.\ +1 oxidation state. These metals 
are univalent in nature and show electrovalency, Le., form 
electrovalent compounds. 

Since the electronic configuration of M”** ions are similar to 
those of inert gases, these ions have no unpaired electrons and 
consequently are colourle^ and diamagnetic in nature. 

(g) Hydi^tion of ions, hydrated radii and hydration 
energy : The salts of alkali metals are ionic and soluble in 
water. The solubility is due to the fact that cations get hydrate 
by water molecules. 

+ aq. -> lM(aq.)t 

Hydrated cation 

The smaller the cation, the greater is the degree of its. 
hydration. Thus, the degree of hydration of M'^ ions decreases 
from Li"^ to Cs”^. Consequently the radii of the hydrated ion 
decreases from Li^ to Cs"^. 

[U(aq.)r m(aq,)r [K(a^.)]^ [Rb(a^.)]^ [Cs(a^.)]^ 

Hydrated 3.^ 2.76 . 2.32 2.28 2.27 

radii (A) 

The ionic conductance of these hydrated ions increases 
from \Li(aq.)]^ to [CsCa^.)]"^. 

\Li(aq,)r<[m(aq.)r< [K(a^.)]^< [Rb(a^.r < [Cs(^.)]^ 
Ionic 33.5 43.5 64.5 67.5 68 

mobility at infinite dilution 

Hydration of ions is an exothermic process. The energy 
released when one gram mole of an ion is dissolved in water 
to get it hydrated is called hydration energy. Since the degree 


of hydration d^reases from Li'^’ to Cs"*", the hydration energy 
of alkali metal ion also decreases from Li^ to Cs"^. 

Alkali metal ion Na"** Rb'*’ Cs'*’ 

Hydration energy (kJ moF*) -506 ^06 -330 -310 -276 

(h) Electronegatfvily : The tendency to attract electrons 
is low as the alkali metals are electropositive. The electro¬ 
negativity, thus, decreases from Li to Cs as the electropositive 
character inci^ases. 

(i) Conductivity : The alkali metals are good conductors 
of heat and electricity. This is due to the pre^nce of loosely 
held valency electrons which are free to move throughout the 
metal structure. 

(j) Specific hea^ : The specific heat values decre^e 
from Li to Cs. 

Li Na K Rb Cs 

Specific heat at (fC 0.94 0.29 0.17 0.08 0.05 

(k) Heat of atomisation : Heat of atomisation decreases 
from Li to Cs. 

Li Na K Rb Cs 

Heat of atomisation (kJ mur^) 163.6 104.2 83.2 79.5 75.7 

This is due to the decrease in the metallic bond strength 
from Li to Cs. 

(l) Flame colouration : The alkali metals and their salts 
impart a characteristic colour to flame (Fig. 6.1). 

U Na K Rb Cs 

Crimson red Golden yellow Pale violet Red violet Violet 



Fig. 6.1 Colour of flames of some metals : 

(a) Lithium (Crimson red); (b) Sodium (Golden yellow); 

. (c) Potassium (Pale violet); (d) Rubidium (Red violet) 

The reason for flame colouration is that the energy of the 
flame causes an excitation of the outermost electrons which 
on return to dieir original position give out the energy so 
absorbed in the visible region. The energy released is minimum 
in the case of Li”*” and increases in order Li^, Na"*", K^, Rb’‘’,Cs’*^. 
Thus, the frequency of the light emitted increases in accordance 
with the formula E = /iv. The frequency of light in lithium is 
minimum which corresponds to red region of the spectra. 

(m) Reducing nature: An element, which acts as a 
reducing agent, must have low ionisation energy. Alkali metals 
act as strong reducing agents as their ionisation energy values 
are low. Since ionisation energy decreases on moving down 
from Li to Cs, the r^ucing property increases in the same 
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order. Thus, Li is weakest reducing agent while Cs is the 
strongest reducing agent amongst alkali metals in ftee state. 

The tendency of an element to lose an electron in solution 
is measured by its standard oxidation potential value (£^x)- 
Since alkali metals have high values, these are strong redu¬ 
cing agents. Because their standard oxidation potentials are so 
strongly positive, the alkali metals can even reduce water. 

2Na(^) + 2H20(0-> 2NaOH(a9.) + H 2 (g) 

However, it is observed that Li is the strongest reducing 
agent amongst alkali metals in solution as value of Li is 
maximum. 

li Na K Rb Cs 

Oxidation potential (V) +3,05 +2.71 +2.925 +2.93 +2,927 

It looks surprising at first sight that lithium having high 
value of ionisation energy amongst alkali metals acts as 
strongest reducing agent in solution. This can be explained if 
we undei^tand the fact that ionisation energy is the property 
of an isolated atom in gaseous state while oxidation potential 
is concerned when the metal atom goes into the solution. 

The ionisation energy involves the change of gaseous atom 
to gaseous ion, 

M{g) - > M\g) + e 

while oxidation potential involves the following change : 

M{s) - ^ M\aq.} + e 

The above change occurs in three steps : 

(i) M(s) - > Mig) - sublimation energy 

(ii) Mig) - > M^(g) + e-ionisation energy 

(iii) M*(g) + H 2 O- > M*(aq.) + hydration energy 

Sublimation energy is nearly same for all the alkali metals. 

The energy required in (ii) step is the ionisation energy 

which is highest for lithium. Li"*" ion is smallrat in size, hence 
it has maximum degree of hydration. Thus, in (iii) step, 
maximum hydration energy is released in lithium. 



Li 

Na 

K 

Step (i) 

-1-122 kJ 

-1-78 kJ 

-1-61 kJ 

Step (ii) 

-t-520 kJ 

-t496 kJ 

+419 kJ 

Step (iii) 

-506 kJ 

- 406 kJ 

- 330 kJ 

overall 

136 kJ 

168 kJ 

150 kJ 


Thus, with greater ease the following overall change occurs 
in lithium and it acts as a strongest reducing agent: 

M(s)- > M*iaq.) + e 

It is, therefore, concluded that highest reducing power 
of lithium in solution is due to its lai^e heat of hydration. 

w 3. Chemical Properties 

Alkali metals are highly reactive metals and the reasons for 
high reactivity are ; 

(i) They have low values of ionisation energies and readily 
lose their valence electron to form M* ion. 


(ii) They have low heat of atomisation and easily come into 
vapori^d form. 

(iii) They have high heats of hydration. 

(a) Reactivity towards air : On exposure to moist air, 
all alkali metals except lithium tarnish quickly. The effect of 
atmosphere increases from Li to Cs. These are, therefore, 
always kept under kerosene to protect them from air. 

M M 2 O MOH -^M2 C03 

Alkali metal Hydroxide Carl)onate 



M2O2 

Peroxide 

Lithium when heated in air combines with nitrogen to form 
nitride, it is due to diagonal relationship with magnesium. 

All alkali metals react directly with most nonmetals (other 
than the noble gases). However, only lithium react with nitrogen, 
which it reduces to the nitride ion. _ 

6Li(^) + Ntig) 2Li3N(s) 

(b) Reactivity towardis water : Alkali metals decompose 
water with the evolution of hydrogen. 

2M + 2 H 2 O-> 2MOH + H 2 T 

Lithium decomposes water slowly. Sodium reacts with 
water quickly, K, Rb and Cs react with water vigorously. The 
decomposition is highly exothermic and the evolved hydrogen 
sometimes inflames. Thus, the reactivity towards water 
increases from Li to Cs. This is due to increase of electropositive 
character in the same order. 

[The oxidation potential of lithium is highest amongst alkali 
metals, i.e., ftee energy released in the case of lithium is 
maximum (AG = - view of this, it looks rather 

surprising that lithium reacts gently with water whereas 
potassium which liberates less energy, reacts violently and 
catches fire. The explanation lies in the kinetics (the rate at 
which reaction proceeds) rather than in the thermodynamics 
(that is total amount of energy released). Potassium has a low 
melting point and heat of reaction is sufficient to make it melt 
or even vaporise. The molten metal spreads out and exposes 
a larger surface to the water, so it reacts even faster, gets even 
hotter and catches fire.] 

The alkali metals also react with alcohols fonning alkoxides 
with the evolution of hydrogen. This reaction is u^d in 
preliminary test of alcoholic group. 

2Li + 2 C 2 H 5 OH-> 2C2H50Li + H 2 T 

Ethyl alcohol Lithium ethoxide 

(c) Affinity for non-metals : Alkali metals have great 
affinity for non-metals. 

(i) Reactivity towards hydrogen: The alkali metals 
combine directly with hydrogen to form crystalline hydrides of 
the formula A/H. These hydrides are ionic and contain the 
hydride ion, H“. 

2M + H 2 


2MH 
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The electrolysis of the fused hydride (LiH) yields hydrogen 
at anode [other hydrides decompose before melting,] The 
hydrides react with water liberating hydrogen, 

MH + H 2 O-^ MOH + H2t 

The ionic character of the bonds in these hydrides increases 
from LiH to CsH and their stability decreases in the same order. 
They are powerful reducing agents especially at high 
temperatures. 

SiCl 4 + 4NaH-^ SiEi + 4NaCl 

(ii) Reactivity towards oxygen (oxides and hydroxides): 

Affinity towards oxygen increases. When heated in atmosphere 
of oxygen, the alkali metals ignite and form oxides. On 
combustion Li forms Li20; sodium gives the peroxide, Na202; 
and potassium, rubidium and caesium give superoxides, MO 2 . 

M M 2 O M 2 O 2 MO 2 

Normal oxide Peroxide Superoxide 

(U 2 O) (Na202) (KO 2 , RbOa, CsOi) 

The normal oxides contain ion, the peroxides contain 
□ 2 “ ion and superoxides contain Oj ion. The peroxides and 
superoxides become more stable with increase in atomic numter 
of the alkali metal. The formation and stability of these oxides 
can be explained on the basis of lattice energy effects. Li'*' ion 
being a small ion has a strong positive field around it and can 
stabilise only a small anion, whereas Na'*' being a large 
cation can stabilise a large ion and so on. 

o2- [_o_o—]2- :d^d: 

Oxide ion Peroxide ion L Superoxide " 

The normal oxides 'M 2 O' react with water to form 
hydroxides, 

M 2 O + H 2 O-> 2MOH 

The basic nature of the oxides (M 2 O) increases gradually 
on moving down in the group. The hydroxides (MOH) are 
colourless, strong alkaline and corrosive compounds. These 
are soluble in water and dissolve with the evolution of heat. 
The hydroxides are thermally stable except LiOH. The relative 
strength of the hydroxides increases from LiOH to CsOH. 

CsOH > RbOH > KOH >NaOH > LiOH 

The crystal structures of Li20, Na20, K 2 O and Rb20 are 
antifluorite structures, CS 2 O has an anti'CdCl 2 layer structure. 

The higher oxides, viz., peroxides and superoxides are strong 
oxidising agents. They react with dilute acids forming hydrogen 
peroxide and oxygen respectively. 

Na202 + H2SO4-> Na2S04 + H2O2 

4KO2 + 2H2SO4-> 2K2SO4 + 2H2O + 3O2 

2 KO 2 + 2 H 2 O-> 2KOH + H 2 O 2 + O;^ 

The peroxides are diamagnetic in nature (all the electrons 
are paired) and are regarded as the salts of the dibasic acid, 
H 2 O 2 , The superoxides are paramagnetic and coloured as odd 


electron bond is present between two oxygen atoms. Yellow 
colour of Na 202 is probably due to the presence of small 
amount of superoxide. Superoxides are even stronger oxidising 
agents than peroxides. 



Fig. 6.2 Whan alkali metals react with oxygen gives 
different colour oxides : (a) lithium gives light colour oxides 
(b) sodium gives very pale yellow peroxide and (c) potassium 
gives yellow coloured superoxide 

(iM) Reactivity towards halogens 5 The alkali metals 
directly react with halogens forming the halides of the type MX, 
2M + X 2 -> 2MX 

The reactivity of alkali metals towards a particular halogen 
increases from Li to Cs. On the other hand, reactivity of halogens 
towards a particular alkali metal decreases from F 2 to I 2 Le., 

F2 > CI2 > Br 2 > I2 

With the exception of certain lithium halides, the alkali metal 
halides are ionic compounds The halides are crystalline 

and have high melting and boiling points. The fused halides are 
good conductors of electricity and are used for the preparation 
of alkali metals. All halides except LiF dissolve in water. 

Alkali metal halides are colourless but on heating they turn 
yellow, blue, etc., owing to non-stoichiometry and crystal 
defects. 

Halides of potassium, rubidium and caesium have a property 
of combining with extra halogen atoms forming polyhalides. 

KI + I 2 -> KI 3 

[The insolubility of LiF in water can be explained in the 
following manner. The lithium ion has the highest energy of 
hydration as it is small in size in comparison to other alkali 
metal ions and thus it should have high solubility. However, the 
small Li“^ and F^ ions interact very strongly resulting in high 
lattice energy of LiF which is responsible for its insolubility 
(the ionic compounds, which possess low value of lattice 
energy, are freely soluble in water).] 

(Iv) Action with sulphiir and phosphorus: Alkali metals 
lirectly combine with sulphur and phosphorus when heatell 
will; them. The monosulphides, M 2 S, cannot be obtained by 
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passing H2S through their salt solutions as sulphides get 
hydrolysed, 

M2S + H2O ^ MOH + MHS 

Phosphides on hydrolysis evolve phosphine. 

3 M + P -^ M3P 

M3P + 3H2O-> 3 MOH + PH3 

(d) Nature of oxysalts : Alkali metals readily react with 
oxyacids forming corresponding salts widi evolution of 
hydrogen. Lithium salts behave abnormally due to polarising 
power of Li^ ion (small size) and lattice energy effecte. However, 
the salts of rest of the alkali metals l^have similarly and there 
is a gradual gjadation in their properties with the increase of 
atomic number. 

(i) Nature of carbonates and bicarbonates : All the alkali 
metals form carbonates of the type M2CO3. Since the alkali 
metals are highly electropositive, their carbonates are highly 
stable towards heat and re^ily soluble in water. As the 
electropositive character increases from Li to Gs, the stability 
of the carbonates increases in the same order. 

CS2CO3 > Rb2C03 > K2CO3 > Na2C03 > Li2C03 

Li2C03 decomposes on heating and is insoluble in water. 

The aqueous solutions of caibonates are alkaline. This is 
due to hydrolysis as carbonates are salts of strong bases and 
weak acid (H2CO3 caAonic acid), 

M2CO3 + 2H2O ^ 2 MOH + H2CO3 
Strong alkali Weak acid 

The bicarbonates, AfflCOs, of the alkali metals, with the 
exception of lithium, are known in solid state. The bicarbonates 
are soluble in water. On heating, bicarbonates decompose into 
carbonates with evolution of CO2. 

2AfflC03 > M2CO3 + H2O + CO2 

The abnormal behaviour of Li2C03 towards heat can be 
explained in the following manner. 

The Lr ion exerts a strong polarising action and distorts the 
electron cloud of the nearby oxygen atom of the large COl" 
ion. This results in the weakening of the C—O bond and 
strengthening of the Li—O bond. This ultimately facilitates the 
decomposition of Li2C03 into Li20 and CO2. The lattice energy 
of Li20 is higher than the lattice energy of carbonate. This also 
favours the decomposition of Li2C03. 

Lithium due to its less electropositive nature, does not form 
solid bicarbonate. 

(ii) Nature of nitrates : Nitrates of the type, MNO3, are 
known. These are colourless, soluble in water and electrovalent 
in nature. The nitrates do not undergo hydrolysis. With the excep¬ 
tion of LiNOs, the other nitrates decompose to nitrites and oxygen. 

2MNO3-> 2MNO2 + O2 

Lithium nitrate decompose to oxide on heating, it is due to 
diagonal relationship with magnesium. 

2 LiN 03 -> Li20 + 2 NO 2 + IO 2 
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(iii) Nature of sulphates : Sulphates of the type M2SO4 
are known. With the exception of Li2S04, other sulphate are 
soluble in water. The sulphates when fused with carbon form 
sulphides. 

M2SO4 + 4 C-> M2S + 4 CO 

The sulphates of alkali metals form double salts with the 
sulphates of the ttivalent metals like Fe, Al, Cr, etc. The double 
sulphates crystallise with large number of water molecules as 
potash alum, K2S04 Al2(S04)3-24H20 consists of 24 water 
molecules. Sulphate of lithium is not known to form alum. 

(iv) Nature of perchlorates: Perchlorates of the type 
MCIO4 are known. The stability increases gradually as larger 
M* ion form more stable lattice with large CIO4 ion. The 
solubility of perchlorates decreases. 

Lia04 > Naa04 > KCIO4 > RbC104 > CSCIO4 

LiC104 is ten times more soluble than NaC104. It is mainly 
due to extensive solvation of sm^er Li"^. _ 

(e) Solubility in liquid ammonia : The alkali metals 
dissolve in liquid ammonia without the evolution of hydrogen. 
The colour of the dilute solutions is blue. The metal atom loses 
electron and it combines with ammonia molecule. 

M- > M* (in liquid ammonia) + e (ammoniat^) 

M + (X + y)NH3-> [M(NH3)J+ + e (NHs), 

Solvated electron 

On heating its blue colour changes to bronze. 

It is ammoniated electron which is responsible for colour. 
The solutions are good conductors of electricity and have strong 
reducing properties. The solutions are paramagnetic in nature. 

When dry ammonia is passed over hot metal, amides are 
formed. 

2 M + 2NH3-> 2MNH2 + Hi T 

Amide 

The amides are decomposed by cold water with evolution 
of NH3, 

MNH2 + H2O-> MOH + NH3 

Recent studies proved the existence of Li(NH3)4, a 
golden yellow solid. 

(f) Formation of alloys : The alkali metals form alloys 
amongst themselves and with other metals. These combine 
with mercury readily forming amalgams. 

(g) Complex formation : Alkali metals have a very little 
tendency to form complexes. Lithium being small in size forms 
certain complexes but this tendency decreases as the size 
increases. 

(h r Extraction of alkali metals : Alkali metals cannot 
be extracted by the application of common processes used for 
the extraction of metals due to following reasons : 

(i) Alkali metals are strong r^ucing agents, hence cannot 
be extracted by reduction of their oxides and other compounds. 

(ii) Being highly electropositive in nature, it is not possible 
to apply the method of displacing them from their salt solutions 
by any other element. 
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(iii) The aqueous solutions of their salts cannot be used for 
extraction by electrolytic method because hydrogen is discharged 
at cathode instead of an alkali metal as the discharge potentials of 
alkali metals are high. However, by using Hg as cathode, alkali 
metal can be deposited. The alkali metal readily combines with 
Hg to form an amalgam from which its recovery is very difficult. 

The only successful method, therefore, is the electrolysis 
of their fused salts, usually chlorides. Generally, another 
metal chloride is'added to lower its fusion temperature. 

6:^ ABNORMAL BEHAVIOUR OF LITHIUM 

The lithium, being, the first member of alkali group, exhibits the 
characteristic properties of alkali metals but it differs at the 
same time in many respects from them. Reasons for its 
abnormal behaviour are mainly due to the following 
reasons: 

(i) Lithium atom and its ion has very small size. Lithium ion 
(Li'*') on account of its small size exerts high polarising effect 
on anions in its compounds resulting in increased covalent 
character. 

(ii) Lithium atom has highest ionisation enthalpy and low 
electropositive character as compared to other alkali metals. 

(iii) Nonavailability of ^i-orbitals in its valence shell. 

(iv) Lithium has strong metallic bonding which is responsible 
for its low reactivity to some extent. 

Lithium differs from alkali metals in the following 
respects: 

(i) It is more harder and lighter than other alkali metals. 

(ii) It is not affected by air easily and does not lose its lustre 
even on melting. 

(iii) It reacts slowly with water to liberate hydrogen. 

(iv) It does not react with oxygen below 0 °C. When burnt 
in air or oxygen, it forms only monoxide, Li20. However, the 
rest of the alkali metals give peroxides or superoxides. Li20 is 
much less basic than oxides of other alkali metals. 

(v) Lithium is the only alkali metal which directly reacts 
with nitrogen to form Li3N. 

(vi) Lithium hydroxide decomposes at red heat to form 
Li20. Hydroxides of other alkali metals donot decompose. 

2 UOH —> Li 20 + H2O 

(vii) Lithium bicarbonate, LiHC03 is known in solution but 
not in solid state while the bicarbonates of other alkali metals 
are known in soUd state. 

(viii) Li2C03 is less stable, as it decomposes on heating. 

Li2C03-> Li20 + CO2 

The other carbonates are stable. 

(ix) LiN03, on heating gives a mixture of NO2 and O2 
while nitrates of rest of alkali metals yield only oxygen. 

4 LiN 03 -> 2Li20 + 4 N 02 + O2 

2 NaN 03 -> 2NaN02 + O 2 

(x) Li2S04 is the only alkali metal sulphate which does not. 
form double s^lts, e.g., alums. 


(xi) Lithium reacts with bromine very slowly. Other alkali 
metals react violently. 

(xii) Lithium fluoride (LiF), Lithium phosphate (Li3P04), 
lithium oxalate (Li2C204), lithium carbonate (Li2C03), etc., 
are sparingly soluble in water. The corresponding salts of other 
alkali metals are freely soluble in water. 

(xiii) LiCl is highly deliquescent and soluble in alcohol and 
pyridine. LiCl separates out from aqueous solution as hydrated 
crystals LiCl*2H20 whereas chlorides of other alkali metals are 
insoluble in organic solvents and do not form hydrated crystals 
under ordinary temperatures. 

(xiv) Li when heated in NH3 forms imide Li2NH while other 
alkali metals form amides, A/NH2. 

(xv) LiOH is much weaker base than NaOH or KOH. 

6^ DIAGONAL RELATIONSHIP : 

SIMILARITIES WITH MAGNESIUM 


Lithium shows resemblance with magnesium, an elem^t of 
group HA. This resemblance is termed as diagonal relation¬ 
ship. 

Group I Group n 



Reasons for the diagonal relationship are the following: 

(i) Electronegativities of Li and Mg are quite comparable. 
(Li = 1 . 00 , Mg = 1 . 20 ) 

(ii) Atomic radii and ionic radii of Li and Mg are not very 
much different. 

^Atomic radii (pm) Li 152 Mg 160 

Ionic radii (pm) Li'*' 76 Mg^'*' 72 

(iii) Atomic volumes of Li 2md Mg are quite similar. 


Li 12.97 mL, Mg 13.97 mL 

(iv) Both have high polarising power (ionic potential) 

Ionic charge 

Polarismg power (®) = 

Cations with large ionic potentials have a tendency to polarise 
the anions and to give partial covalent character to compounds. 

Lithium resembles magnesium in the following 
respects: 

(a) Both Li and Mg are harder and have higher melting 
points than the other metals in their respective groups. 

(b) Li like Mg decomposes water slowly to liberate hydrogen. 

. 2 Li + 2H2O-> 2 UOH + H2 

Mg + 2H2O-> Mg(OH)2 + H2 

(c) Both the elements combine with nitrogen on heating. 

6Li + N2-> 2 Li 3 N 

3 Mg + N2-> Mg 3 N 2 

Both the nitrides are decomposed by water with evolution 
of ammonia (NH3). 
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LisN + 3H2O -—> 3LiOH + NH3 
MgsNi + 6H2O-^ 3Mg(OH)2 + 2NH3 

(d) Both Li and Mg combine with carbon on heating. 

2Li + 2C-> Li2C2 

Mg + 2C-> MgC2 ■ 

Both the carbides yield C 2 H 2 with water. 

(e) lithium forms only monoxide when heated in oxygen. 
Mg also forms the monoxide. 

4Li + 02'-> 2Li20 

2Mg + O 2 2MgO 

Both the oxides are less soluble in water. 

(f) Hydroxides of Li and Mg are weak bases and are slightly 
soluble in water. Both decompose on heating. 

2U0H-> Li20 + H 2 O 

Mg(0H)2-> MgO + H 2 O 

(g) Lithium fluoride, phosphate, oxalate and carbonate, like 
the corresponding salts of Mg, are sparingly soluble in water. 

(h) Carbonates of Li and Mg decompose on heating. 

Li 2 C 03 - ¥ Li20 + CO 2 

MgCOs-> MgO + CO 2 

(i) Nitrates of Li and Mg decompose on heating giving 
mixture of nitrogen dioxide and oxygen. 

4LiN03-^ 2Li20 + 4N02* + O 2 

2Mg(N03)2-> 2MgO + 4 NO 2 + O 2 

(j) Chlorides of both Li and Mg are deliquescent and soluble 
in alcohol and pyridine. Lithium chloride like magnesium 
chloride, (MgCl 2 6 H 20 ) separates out from solutions as 
hydrated crystals, LiCl- 2 H 20 . 

(k) Li 2 S 04 like MgS 04 does not form double sulphates, 
le,, alums. 

(l) The bicarbonates of Li and Mg do not exist in solid state, 
they exist in solutions only. 

(m) Lithium salts like magnesium salts undergo hydrolysis. 

(n) Alkyls of Li and Mg are soluble in organic solvents. 

Example 1. Explain the following: 

(a) The softness of group lA metals increases down the 

group with increasing atomic number, IHT 1986] 

(b) Lithium salts have a greater degree of covalent character 
than other halides of the group. 

(c) Lt ion is far smaller than the other alkali metal ions 
but it moves through a solution less rapidly than the others, 

(d) Lithium fluoride has the lowest solubility of the group 
lA metal halides. 

(e) Salts of lithium having small anions are more stable 
than the salts having larger anions. 

Solution: (a) The metallic bond strength is low in the 
case of alkali metals as only one electron per large sized metal 
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atom is available. Thus, alkali metals are soft in nature. However, 
the size of the metal ion increases with increasing atomic 
number, the metallic bond strength decreases and, therefore, 
softness increases. 

(b) The small size of Li'*' gives it a huge polarising power. 
The electron cloud of larger halide ion gets distorted and this 
leads to covalency. 

(c) The dense charge of Li^ attracts several layers of water 
molecules around it, Le,, Li’*' has maximum degree of hydration. 
Thus, the size of the hydrated lithium ion is largest in comparison 
to the size of the other hydrated metal ions which affects its 
movement in solution.,. 

(d) The small size of both the Li’*' and F“ ions leads to a 
very large lattice energy and thus, the crystal is very hard to 
break apart. 

(e) The salts of Li"*’ with small anions have high lattice 
energy and thus very stable while with large anion, the lattice 
energy decreases and the salts become less stable. 

Example 2, Explain the following: 

{d) Alkali metals do not occur free in nature, 

{b) Alkali metals are good reducing agents, 

(c) Alkali metal salts impart colour to the flame, 

[Roorkee 1986] 

(d) Sodium is kept under kerosene, 

(e) Potassium and caesium are used in photoelectric cells. 

Solution: (a) Since the ionisation potential values of alkali 

metals are low, they are veiy reactive in nature. They readily 
combine with oxygen, moisture and CO2 of the atmosphere 
and many other substances. Hence, they do not occur free in 
nature. 

(b) Alkali metals act as strong reducing agents because they 
can lose valency electrons easily on account of low ionisation 
potential values and high values of oxidation potentials. 

(c) The energy of the flame causes an excitation of the 
outermost electron which on return to its original position 
gives out energy so absorbed in the visible region. The amount 
of energy released increases from Li**^ to Cs**". Thus, the 
frequency of light emitted increases in accordance with the 
formula E = hv. The frequency of light is minimum in lithium 
which corresponds to red light. 

(d) Sodium is highly electropositive and hence is very reactive. 
It readily combines with oxygen, moisture and CO2 of the 
atmosphere. Hence, it is always kept in kerosene as to prevent 
the action of atmosphere. 

(e) Because of low ionisation potentials, potassium and 
caesium are used in photoelectric cells. The low energy photons 
(light) can eject electrons from their metal surface. 

eM LITHIUM 

Occurrence : Lithium is rare but is widely distributed in 
the earth’s crust. Its amount present in any mineral is generally 




274 


G.R.B. Inorganic Chemistry for Competitions 


low and, thus, its extraction is somewhat difficult. Important 
minerals of lithium are: 

(a) Aluminosilicates ; These include the following 
minerals. 

(i) Le^idolite or lithiamica, (Li, Na, K)2-Al2(Si03)3(F, OH)2. 
It contains 2 - 6 % Uthium. 

(ii) Si»dumene, LiAl(Si03)2. It contains 3.8 to 5 . 6 % lithium. 

(iii) Petalite, LiAl(Si205)2. It contains 2 to 3 % lithium. 

(b) Phosphates : These include the following minerals; 

(i) Triphylite, (Li, Na)3P04-(Fe, Mn)3(P04)2. It is a double 
phosphate and contains about 1.5 to 3 . 5 % lithium. 

(ii) Amblygonite, Li(AlF)P04. It contains 7 to 10 % lithium. 

Lithium occurs in traces in soils, sea water, certain spring 

waters, blood, muscular tissues and ashes of some plants such 
as sugar cane, beat, tobacco, coffee, etc. 

Lithium occurs in India mainly as lepidolite in Bihar, Kashmir, 
Karnataka and Rajasthan. 

Extraction : The extraction of lithium from any one of 
the minerals involves two steps; 

(i) Preparation of lithium chloride from the mineral. 

(ii) Electrolysis of lithium chloride. 

(i) Preparation of Lithium Chioride, LiCI 

(a) From leptdolite : The powdered mineral is fused 
with a mixture of barium carbonate, barium sulphate and 
potassium sulphate. In fused state, two layers are separated. 
The upper layer contains sulphates of lithium, sodium and 
potassium while the lower layer contains heavier materials 
such as silicates, barium sulphate, aluminium sulphate, alumina, 
silica, etc. 

The upper layer is dissolved in minimum quantity of 
water and then the solution is treated with barium chloride. 
The sulphates of Li, Na and K react and form corresponding 
soluble chlorides and insoluble barium sulphate with barium 
chloride. 

Li 2 S 04 Hh BaCl2-^ 2 LiCl + BaS 04 

Na2S04 + BaCl2-> 2 NaCl + BaS04 

K2SO4 + BaCl2-> 2 KCr+ BaS 04 

The insoluble barium sulphate h removed by filtration. The 
solution containing chlorides of Li, Na and K is evaporated to 
diyness. LiCl is extracted from the solid residue with the help 
of pyridine. LiCl dissolves in pyridine while other chlorides 
remain insoluble. From the pyridine solution, LiCl is recovered 
by distillation. 

(b) From triphylite ore (phosph^e ore) : The 

powdered ore is digested with cone. HCL H3PO4 comes into 
the solution along with chlorides of Li, Na,‘Mn'and Fe. The 
phosphate is removed from the solution in the same manner as 
it is done in qualitative analysis. The solution is neutralised with 
NH4OH and then a buffer solution containing CH3COOH and 
CH3COONa is added. Now neutral FeCl3 solution is added 
when FeP04 gets precipitated. It is filtered off. 


H3P04 + FeCl3->FeP04-f3HCl 

The filtrate is evaporated to dryness and the solid residue is 
extracted with hot water. Mn is removed as MnS by the addition 
of BaS. 

MnCl 2 + BaS-» MnS + BaCl 2 

ppt. 

The filtrate is now treated with H2SO4 to remove barium as 
barium sulphate. 

BaCl 2 + H 2 SO 4 BaS 04 + 2HC1 

BaS + H2SO4-> BaS04 + H2S 

The filtrate containing Li2S04 and Na2S04 is evaporated 
with oxalic acid. The oxalates of Uthium and sodium formed, 
on ignition give corresponding carbonates. 

Li2S04 Hh H2C2C4 —— > Li 2 C 204 H2SO4 
Li 2 C 204 —Li 2 C 03 + CO 

Na 2 C 204 - > Na 2 C 03 + CO 

The carbonates on treatment with HCl give their chlorides. 
LiCl is extracted from the mixture with pyridine. 

ii (ii) Electrolysis of LiCl 

Lithium is obtained by the electrolysis of a fused mixture of 
lithium chloride and potassium chloride in equal amounts. The 
addition of potassium chloride serves the following purposes: 

(i) It increases the conductivity of the fused mass. 

(ii) It lowers the fusion temperature of lithium chloride. 
The electrolysis is carried out in a steel vessel with refractory 

lihing inside. The cell is fitted with a graphite anode and a steel 
cathode which is surrounded by cast iron enclosure so that 
lithium and chlorine formed during electrolysis may not come 
in contact with each other (Fig. 6 . 3 ). 



The cell is operated at a voltage of 8-9 volt at 400 - 450 '^C 
temperature. When electric current is passed, lithium ions, in 
preference to potassium ions, get discharged at cathode while 
chloride ions are discharged at anode. 
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ua Li+ + cr 

At cathode, Lr 4 ^- > Li 

At anode, 2 Cr ^- > CI2 + 2e~ 

The molten lithium containing about 1 . 3 % of potassium, 
being lighter, rises to the surface of the fused electrolyte in the 
cast iron enclosure. The metal is removed intermittently and 
stored either in well stoppered bottles or in liquids like ether, 
petrol, etc. 

■ Properties 

Physical : (i) It is a silvery white metal. It is harder than 
sodium and potassium. It has two naturally occurring isotopes 
\ 1 a and 3Li. ^Li is most stable isotope. fLi is used as tritium 
source in thermonuclear reactions. 

fLi+ ln—^\E+ ^He 

(ii) It is very light. It’s density is 0.534 at 20 °C which is the 
lowest of all metals. 

(iii) It melts at 180 . 5 °C. When volatilized it imparts red 
colour to flame. Its boiling point is 1347 °C. 

(iv) It is a good conductor of heat and electricity. It has the 
highest specific heat ( 0 . 96 ). 

(v) It forms an amalgam and alloys with a number of other 
metals. An alloy of composition, Li = 1 . 1 %, Cu = 4 , 5 %, 
Mn= 0 . 5 %, Cd= 0 . 2 % and rest A 1 is used in aircraft construction. 

Chemical : (i) Reactivity towards air: , Lithium is not 
affected by dry air but is oxidised when moisture is present. 
When heated in air above 180 “C, it bums with brilliant light 
forming lithium oxide and lithium nitride. 

4 Li + O2- > 2Li20 (Lithium oxide) 

6Li + N2- > 2Li3N (Lithium nitride) 

(Ii) Rm^tivlty towards water : Lithium reacts with water 
forming lithium hydroxide and liberating hydrogen. However, 
the reaction is not vigorous due to high melting point. 

2 Li + 2H2O-> 2 LiOH + H2t 

(iii) The oxidation potential of lithium is high, Le,, + 3.04 
volt. Thus, it acts as a strong reducing agent in solution. 

(iv) Reactivity towards non-metals : Lithium combines 
with a number of non-metals and form stable compounds. The 
reaction usually occurs when lithium is heated above its fusion 
point. These compounds are ionic in natuie and their stability is 
due to the fact that a small lithium cation is held by a small anion. 


2 Li + H2 - 

-^ 2 LiH 

(Lithium hydride) 

6 Li + N2 - 

-H* 2Li3N 

(Lithium nitride) 

4 Li + O2 - 

2 Li20 

(Lithium oxide) 

2 Li + S - 

Li2S 

(Lithium sulphide) 

3 Li + P - 

Li3p 

(Lithium phosphide) 

2 Li + 2 C - 

—> Li2C2 

(Lithium carbide) 

2 Li + X2- 


(Lithium halide) 


(X = F, Cl, Br orl) 
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Except LiF, all other halides show somewhat covalent nature 
as the small Li”^ cation brings more and more polarisation 
(distortion) in the molecule as the size of the halide ion, X”, 
‘increases. 

(v) Reactivity towai^ adds : Lithium, being strongly 
electropositive, reacts with dilute and cone. HCl and dilute 
H2SO4 (non-oxidising acids) liberating hydrogen. 

2Li + 2 HC 1 -—> 2 LiCl + H2t 
2 Li + H2SO4-> Li2S04 + H2t • 

However, the reaction with cone. H2SO4 is slow. HNO3 
attacks lithium violently. The metal melts and catches fire. 

2Li + 2 HNO 3 -> 2 LiN 03 + Hst 

The oxy-salts are not stable towards heat and decompose 
on heating forming stable monoxide, Li20. 

2LiN03-> LiaO + 2NO2 + O2 

Li2C03-> Li20 + CO2 

(vi) Reactivity towards alkalies : Alkalies have no action 
on lithium. 

(vil) Reactivity towards amm o ni a : Lithium reacts with 
ammonia when passed over hot metal to yield H2. 

2Li + NH3-> Li2NH +H2 

(Lithium imide) 

However, lithium dissolves in liquid ammonia and forms 
blue coloured solution. 

(vili) Lithium forms a number of alkyls and aryls. These 
compounds are formed from the alkyl or aryl halides, usually the 
chloride, in the solvent such as ether, cyclohexane or toluene. 

i?Cl + 2 Li->Lii? + LiCl 

These compounds are usually tetrameric, (LiCH3)4, or 
hexameric, (LiC2H5)6. These lithium alkyls or aryls are used 
in the preparation of organometallic and organic compounds. 

LiR + CO2 —i?COOH + LiOH (carboxyhc acids) 

Lii? + CI2-> R—G + LiCl (alkyl/aryl halide) 

2Li/? + 3eO^/f2GO + 2LiCO (ketones) 

3LiR + BCI3 ——> Bi?3 + 3 LiCl (organoboron compound) 

4 Lii? + SnCl4- > Sni?4 + 4 LiCl (organotin compound) 

2 Li/? + Hgl2-> Hg/?2 + 2 LiI (organomercury 

compound) 

■ Uses 

(i) In the refining of metals : Lithium is used as 
deoxidiser in the purification of nickel and copper. It removes 
the last traces of oxygen and nitrogen. 

(ii) In the preparation useful alloys : Lithium is used 
in the manufacture of a numfite of alloys. It increases tensile 
strength and resistance to corrosion. 

(a) Lead-lithium alloy is used for making bearings for motor 
engines. 



276 

(b) Aluminium-lithium alloy is used to make aircraft parts 
which light, and strong. 

(c) Magnesium-lithium alloy is-used to make armour-plate. 

(iii) Thermonuclear purposes ; There is a great interest 
in lithium for thermonuclear puiposes, since when bombarded 
with neutrons, it produces tritium. 

fU + ^n—4fH + ^He 

30 + Qfl- -> + 2^6 + Qlt 

It is also used in the production of thermonuclear energy 
required for propelling rockets and missiles. 

(iv) Lithium batteries : Lithium batteries are used 
wherever a reliable current is required for a lengthy period. 
Pacemaker battery is a type of lithium battery. Lithium is used 
to make both primary and secondary batteries. Primary batteries 
have Li-ancxles, carbon cathodes and SOCI2 as an electrolyte. 
It is strongly favoured to replace the lead-acid battery for 
electric vehicle propulsion. 

(v) Lithium compounds have a number of applications: 

(a) Lithium hydroxide is used in the production of lithium 
soaps, which are used in making lubricating greases from oil 
(Mthium soap thickens the oil). More than 60 per cent of all 
automotive greases contain lithium. Ae compound used is 
lithium stearate, Ci7H35COOLi, which is mixed with oil to give 
a water resistant grease-like material that does not harden at 
cold temperatures and also stable at high temi^ratures. 

(b) Lithium aluminium hydride, LiAlIii, is used as a reducing 
agent in organic chemistry. 

(c) Lithium carbonate (Li2C03), which is obtained from 
lithium ore, is the primary source of other lithium compounds. 
Lithium carbonate is also used in the preparation of special 
type of glass. It increases die strength and resistance of glass. 
Significant quantities of lithium carbonate are also used in the 
preparation of porcelain, enamels and glazes. 

(d) Lithium chloride is used in air-conditioning plants. 

(e) Lithium bicarbonate, lithium salicylate, lithium acetyl 
salicylate, etc., are used in medicines. 

(f) Lithium alkyls/aryls are used in the preparation of 
organometallic compounds. Butyllithium, LiC4H9, is a useful 
reagent in organic chemistry. 

(g) Lithium compounds have been used in the synthesis of 
vitamin-A and some pharmaceuticals. 

(h) Lithium salts are used in ceramics to prevent surface 

cracking of pottery, ^ 

(i) Lithium hydroxide is used to reniove carbon dioxide 
from air in spacecraft and submarine. 

6,4 SODIUM 

Sodium is soft, silvery-grey, most abundant alkali metal. It can 
be cut easily with a sharp knife (Fig. 6 . 4 ). It forms 2 . 27 % of 
the earth’s crust. It w^ isolated by Sir Humphry Davy in 1807 
by the electrolysis of fused caustic soda. Being reactive, it is 
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Fig, 6.4 Elemental sodium is a soft mdta! that can be 
cut easily with a knife. 

never found free in nature. The most impcirtant compound of 
sodium found in nature is the common salit (NaCl). It is also 
known as lake salt, rock salt, sea salt, connmon salt or table 
salt Sea water contains 2 . 0 - 2 . 9 % sodium, chloride. Sodium 
metal as weU as other sodium compounds are produced from 
sodium chlcftide. Other important compounds of sodium found 
in nature are: 

(i) Chile saltpetre, NaNOa 

(ii) Glauber’s salt, Na 2 SG 4 - 10 H 2 O 

(iii) Trona, Na2C03*2NaHC03-3H20 

(iv) Natron, Na2C03*H20 

(v) Tincal (Borax), Na 2 B 4 O 7 T 0 H 2 O 

(vi) Cryolite, Na3AlF6 

(vii) Soda feldspar, NaAlS^Og ^ 

■ Preparation 

Sodium is obtained on large scale by two processes : 

(i) Castner’s process 

(ii) Down’s process 

(i) Castner’s process : In this process, electrolysis 
of fused sodium hydroxide is carried out at 33 (fC using iron 
as cathode and nickel as anode, 

2 NaOH 2 Na'^ + 20 H" 

At cathode : 2 Na'^ + 2 e — 2 Na 

At anode : 40 H"-^ 2H2O + O2 + 4 e 

During electrolysis, oxygen and water are produced. Water 
formed at the anode gets partly evaporated and is partly broken 
down and hydrogen is discharged at cathode. 

H2O ^ H^ + OH” 

At cathode: -t- 2e -> 2H-> H 2 t 

(ii) Down’s | ocess : Now-a-days sodium metal is 
manufactured by this process. It involves the electrolysis of 
fused sodium chloride containing calcium chloride and 
potassium fluoride using iron as cathode and paphite as anode 
at about 600 °C, the melting point of the mixture. 

Sodium chloride, obtained from rock salt or sea water, is 
mixed with calcium chloride and melted. The calcium chloride 
is added to the sodium chloride electrolyte to reduce the working 
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temperature of the cell from 80 TC (the melting point of sodium 
chloride) to 600 °C (the melting point of the mixture). This 
saves electrical energy and, therefore, makes the process more 
economical. 

Chlorine NaCI 

Steel gauze 


Molten sodium 
collects in 
storage tank 

Circular 
cathode 


Molten sodium 
chloride -f- upto 
60% CaCf2 


Graphite anode 

Fig. 6.5 The Down’s cell used for the electrolysis 
of sodium chloride 

The cathode is a circle of steel around the graphite 
einode. At 600 °C sodium and chlorine would react violently 
together to re-form sodium chloride. To prevent this from 
liappening, the Down’s cell contains a steel gauze around the 
graphite anode to keep it and the (^^thode apart. The molten 
sodium float on the electrolyte and/i^ run off for storage. A 
problem arises, however, is that the scalcium ions are also 
attracted to the cathode, where they form calcium metal. 
Therefore, the sodium which is mn off contains a significant 
amount of calcium. Fortunately, the calcium crystallises out 
when title mixture cools and relatively pure sodium metal 
remains. 

The worldwide production of sodium metal each year is 
about 60,000 to 80,000 tonnes.- 

The overall reaction which takes place in the cell is, 
NaCl Na++ 'cr 

At cathode : Na"*" + e -^ Na 

At anode : 2Cr-^ CI2 + le 

Th(e electrolysis of pure NaCl presents the following 
difficulties: 

(a) ITie fusion temperature of NaCl is higlh, 801 °C. At 
this temperature both sodium and chlorine arc corrosive. 

(b) Sodium forms a metallic fog at this temperature. 

To remove above difficulties, the fusion temperature is 
reduced from 801 °C to 600 °C by adding CaCl2 and KF. This 
is a cheaper method and chlorine is obtained as a byproduct. 


steel 



■ Properties 

Physi il Properties: (a) It is a silvery white metal 
when freshly cut but the surface is readily tarnished on exposure. 
The most stable isotope of sodium is uNa. Many radioactive 

20 21 22 24 25 

isotopes of sodium such as ]]Na, i]Na, ^Na, ]]Na, ^Na are 
known. Among these ^"{Na has shortest half life ( 0.02 seconds). 

(b) It is soft in nature and lighter than water. 

(c) It is malleable and ductile in nature, 

(d) It is good conductor of heat and electricity. 

(e) It has low melting point. It melts at a temperature of 
only 371 K or 97 . 8 °C (Just below the normal boiling point of 
water) and its boiling point is 1156 K. 

(f) With mercury, it forms an amalgam. 

(g) It dissolves in liquid ammonia forming intense blue 
coloured solution. 

(h) It gives two bright lines ( 589.2 nm) and D2 
( 590.4 rim) in the yellow region of spectrum. — 

Chemical Properties : (a) Reactivity towards air: 

On keeping it in the moist atmosphere, it loses its lustre on 
account of the formation of oxide, hydroxide and carbonate. 

4 Na + O2-^ 2Na20 > 4 NaOH- ^ -> 

Moisture In atmosphere 

2Na2C03 + 2H20 

It is always, therefore^ kept under kerosene because it 
corrodes rapidly by reacting with water vapour in the air. On 
heating in air or oxygen, it form's a nrixtufe of Na20 and 
Na202. Na202 is industrially known as oxone. 

4 Na + O2-^ 2Na20 

4 Na + 2O2-^ 2Na202 

Sodium peroxide 

The peroxide ion, 02~ acts as an oxidizing agent. 

Cb) R^eadfivily towards water: It decomposes water 
vigorously with evolution of heat and liberating hydrogen. 
Sometimes the hydrogen catches fire. ' 

2 Na + 2H2O-^ 2 NaOH + H2 

(c) Reactivity towards ad&: It is strongly electro¬ 
positive in nature, easily loses electron and converted into 
monovalent ion, Na'*'. On account of this, it readily displaces 
hydrogen from acids and forms corresponding salts. 

2 Na + 2 HC 1 -^ 2 NaCl + H2 

Cd| far nm-nieials: It has high affinity for 

non-metals. Except carbon and nitrogen, it directly reacts with 
hydrogen, halogens, sulphur, phosphorus, etc., to form 
corresponding compounds on heating. 

2 Na + H2-> 2 NaH 

2 Na + CI2-^ 2 NaCl 

2 Na + S-^ Na2S 

3 Na + P-^ NasP 
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Sodium tiiocyanate 



Flowsheet diagram of properties of sodium and preparation of some important compounds 


(e) Reducing agent: On account of low value of 
ionisation potential and high value of oxidation potential, it acts 
as a strong reducing agent. 

SiOj + 4 Na-> Si + 2 Na 20 

3CO2 + 4 Na-> C + 2Na2C03 

AI2O3 + 6Na-> 2 A 1 + 3Na20 

BeCl2 + 2 Na-> Be + 2 NaCl 

(f) Reactivity tovmrds anunon^ : When dry ammonia 
is passed over sodium at 300 - 400 “C in absence of air, sodamide 
is formed with liberation of hydrogen. 

2 Na + 2NH3^^ 2NaNH2 + H2 

Sodamide is a waxy solid and is used for making a number 
of sodium compounds. 


(iv) in molten state in nuclear reactors as heat transfer 
medium. 

(v) in sodium vapour lamps which emit yellow light. 

(vi) as a laboratory reagent for organic analysis. 

(vii) in high temperature thermometers in the form of sodium 
potassium alloy. 

(viii.) for the extraction of C, Be, Mg and Si. 

(ix) largely as a reducing agent in industry for the production 
of artificial rubber, dyes, pharmaceutical drugs, etc. 

(x) for filling exhaust valves of aeroplane engines on account 
of its lightness and high thermal conductivity. 

(xi) as a liquid coolant in nuclear power stations. 

(xii) molten sodium metal is used to produce zirctauum and 
titanium fi'om their chloride. 


■ Uses 

Sodium is used: 

(i) in the manuf£u:ture of various chemicals like sodium 
peroxide (Na202), sodamide (NaNH2), sodium cyanide 
(NaCN), etc, 

(ii) for making lead tetraethyl (used as antiknock in 
petrol). 

4C2H5CI + 4 Na—Pb-^ (C2H5)4Pb + 3 Pb + 4 NaCl 

(iii) in the preparation of sodium amalgam (used as a reducing 
agent). 


TiCl4(g) + 4 Na 4 NaCl(s) + Ti(s) 

COMroUNDS OF SODIUM 
■ 1. Sodium Oxide, NagO 

Preparaf^: It is prepared by heating sodium nitrate or 
sodium nitrite with sodium. 


2NaN03 + lONa-> 6Na20 + Nj 

2NaN02 + 6Na-> 4Na20 + N2 
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Pure sodium oxide is formed when the mixture of sodium 
azide and sodium nitrite is heated. 

SNaNj + NaNOs-> 2Na20 + SNs 

Properties : It is a white amorphous substance. It reacts 
with water violently forming sodium hydroxide and evolving a 
large amount of heat energy. 

NazO + H2O-> 2 NaOH + Heat 

On heating at 400 °C, it disproportionates forming sodium 
peroxide and metallic sodium vapour. 

400°C 

2Na20-^ Na202 + 2 Na 

Sodamide is formed when it reacts with liquid ammonia. 

Na20 + NH3- > NaNH2 + NaOH 

Uses : It is used as dehydrating and polymerising agent in 
organic chemistry. 

■ 2. Sodium Peroxide, Na202 

Preparation : It is formed by heating sodium in excess 
of air free from moisture and carbon dioxide or in excess of 
pure oxygen. 

2 Na + 02(excess) Na202 

Properties ; It is a pale yellow powder. On exposure, it 
becomes white as it reacts with moisture and carbon dioxide. 

2Na202 + 2H2O-> 4 NaOH + O2 

2Na202 + 2 CO 2 -^ 2 Na 2 C 03 + O 2 

At low temperature, it forms H2O2 with water and acids. 

Na202 + 2H2O-> 2 NaOH + H2O2 

NajOa + H2SO4 ^ Na2S04 + H2O2 
It combines with CO and CO 2 . 

Na 202 + CO-> Na^COs 

2Na202 + 2 CO 2 -^ 2 Na 2 C 03 + O 2 

It acts as a powerful oxidising agent. 

(a) Chromic compounds are oxidised to chromates. 

[Na202 + H2O-> 2 NaOH + O] x 3 

2 Cr(OH )3 + 4 NaOH + 30 ^ 2Na2Cr64 + 5H2O 

2Cr(OH)3 + 3Na202->, 2Na2Cr04 + 2 NaOH + 2H2O 

(b) Manganous salt is oxidised to sodium manganate. 

[Na202 + HjO-> 2 NaOH + O] x 2 

MnS04 + 4 NaOH + 20 -^ Na2Mn04 + Na2S04 + 2H2O 

MnS 04 + 2Na202 ——> Na 2 Mn 04 + Na 2 S 04 

(c) Sulphides are oxidised to corresponding sulphates. 

Na2S + 40 -> Na 2 S 04 

Benzoyl peroxide (bleaching agent) is formed when 
CgHsCOCl reacts with Na202. 

2 C 6 H 5 COCI + Na202-> (C6H5C0)202 + 2NaCl 

Benzoyl peroxide 
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Uses : It is used: 

(i) as an oxidising agent in laboratory. 

(ii) for the production of oxygen under the name oxone. 

(iii) for the purification of air. 

(iv) as a bleaching agent for delicate fibres like wool, silk, 
etc. 

(v) for the preparation of benzoyl, peroxide. 

(vi) for the preparation of H2O2* 

M 3. Sodium Hydroxide (Caustic Soda), NaOH 

Sodium hydroxide, NaOH, is a soft, waxy, white, corrosive 
solid. It is commonly known as lye or caustic soda. It is one 
of the important chemicals and is manufactured on a very large 
scale forming an important chemical industry. It is most 
conveniently manufactured by one of the following processes: 

(a) Methods involving sodium carbonate as a 

starting material — 

Two methods are used. These are; 

(i) Causticisation process (Gossage process) : This 
process depends on the reaction between suspension of lime 
(milk of lime, calcium hydroxide) and sodium carbonate. This 
reaction is reversible. 

Na2C03 + Ca( 0 H )2 ^ CaCOs + 2 NaOH 

■ •>«' . 

Calcium carbonate being only slightly soluble ^arates out 
as a mud. The temperature is maintained 80 - 90 ®C by blowing 
steam. Caustic soda solution is drained out and evaporated to 
dryness when flakes of caustic soda are obtained. 

The most suitable concentration of sodium carbonate taken 
in this process is 15 - 20 %. The caustic soda produced by this 
method is not pure and contains some calcium carbonate, 
sodium carbonate and calcium hydroxide as impurities. 

(H) Lxiwig’s procsss: In this process, a mixture of 
sodium carbonate and ferric oxide is heated to redness in a 
revolving furnace. Sodium ferrite is thus formed with evolution 
of carbon dioxide. 

Na 2 C 03 4 * Fe 203 -4 2 NaFe 02 + CO2 

Sodium ferrite 

The sodium ferrite is cboled and thrown into hot water. The 
hydrolysis of sodium ferrite occurs forming a solution of sodium 
hydroxide and insoluble ferric oxide (Fe203). 

2 NaFe 02 + H2O-^ 2 NaOH + Fe203 

The solution is filtered and evaporated to dryness to get 
flakes of sodium hydroxide. 

(b) Methods involviiig sodium chloride as 
starting material 

Methods used are electrolytic as the electrolysis of sodium 
chloride solution is carried out in an electrolytic cell. 
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Principle : A sodium chloride solution contains Na"^, 

Cr and OH" ions. 

NaCl ^ Na-' + Cl" 

H2O ^ + OH" 

On passing electricity, Na”^ and ions move towards 
cathode and Cl" and OH" ions move towards anode. The 
discharge potential of ions is less than ions, thus 
hydrogen ions get discharged easily and hydrogen is liberated. 
Similarly, at anode Cl" ions ^e easily discharged as their 
discharge potential is less than that of OH" ions. CI2 gas is, 
therefore, liberated at anode. 

The solution on electrolysis becomes richer in Na'^ and OH" 
ions. 

Since, chlorine reacts with sodium hydroxide solution even 
in the cold forming sodium chloride and sodium hypochlorite, 
it is necessary that chlorine should not come in contact with 
sodium hydroxide during electrolysis. . . 

2 NaOH + CI2-> NaCl + NaClO + H2O 

To overcome this problem, the anode is sepamted from the 
cathode in the electrolytic cell either by using a porous 
diaphragm or by using a mercury cathode. 

Four methods are used, these are: 

(i) Porous diaphragm process (Nelson cell process) 

(ii) C^tner-Kellner cell 

(iii) Solvay^Kellner cell 

(iv) Diaphragm cell 

(i) Porous diaphragm process (Nelson cell pro¬ 
cess) : Nelson cell consists of a perforated steel tube 



Fig. 6.6 Nelson cell 


lined inside witl^ asbestos. The tube acts as a cathode 
(Fig. 6.6). 

It is suspended in a steel tank. A graphite rod dipped in sodium 
chloride solution serves as anode. On passing electric current, 


chlorine is liberated at the anode and let out through the 
outlet. Sodium ions penetrate through the asbestos and reach 
the cathode where hydrogen and OH" ions are formed by 
reduction of water. Sodium ions combine with OH" ions to form 
NaOH which is collected in the outer tank while hydrogen is 
drawn off through the outlet. The steam blown during the 
process keeps the electrolyte warm and helps to keep perforation 
clear. 

NaCl ^ Na”^ + Cl" (in solution) 
At cathode : 2H2O + 2e 20 H" 

Na^ + OH" ^ NaOH 

At anode i 2Cr - > CI2 + 2e 

The solution containing NaOH and NaCl as impurity is taken 
out and evaporated to dryness. 

(11) Castner-Kellner cell : This is the common cell in 
which mercury is used as cathode. The advantage of using Hg 
as a cathode is that the discharge potential of Na^ ion s is les s 
than that of H'^ ions. Na"'' ions get discharged on mercury and 
sodium so deposited combines with mercury to form sodium 
amalgam. The cell consists of a large rectangular trough divided 
into three compartments by slate partitions which do not touch 
the bottom of the cell but dipping in mercury a$ shown in the 
(Fig. 6 . 7 ), 


Dilute 

NaOH solution 
CI2--— 


Iron 

cathode 


Slate partition 
-►Cf2 


Outlet for 
NaOH 



Eccentric 

wheel 


~ve . +ve 

Mercury Amalgam 
cathode anode 


NaCl 

solution 


Graphite 
^ anode 


Mercury 


Fig. 6.7 Castner-Kellner cell 


The mercury can flow from one compartment into other 
but the solution kept in one compartment cannot flow into 
other. Sodium chloride solution is placed in the two outer 
compartments and a dilute solution of sodium hydroxide in the 
inner compartment. Two graphite electrodes which act as 
anodes are fixed in the outer compartments and a series of iron 
rods fitted in the inner compartment act as cathode. Mercury 
in the outer compartments acts as cathode while in the inner 
compartment it acts as anode by induction. The cell is kept 
rocking with the help of an eccentric wheel. 

When electricity is circulated, sodium chloride in the outer 
compartments is electrolysed. Chlorine is evolved at the graphite 
anode while Na'*' ions are discharged at the Hg cathode. The 
liberated sodium forms amalgam with mercury. 
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NaCl ^ Na+ + Cr 

At anode : 2Cr —-» 2C1 + 2e- > CI 2 

At cathode : Na'^ + e - > Na 

Na + Hg- > Amalgam 

The sodium amalgam thus formed comes in the inner 
compartment due to rocking. Here, the sodium amalgam acts 
as the anode and iron rods act as cathode. 

At anode : Na-amalgam- > Na^ + Hg + e 

At cathode : 2H2O + 2e -> 20 H“ + H2t 

The concentrated solution of sodium hydroxide (about 20 %) 
is taken out from inner compartment and evaporated to dryness 
to get solid NaOH. 

(iii) Solvay-Kellner cell : This is the modified cell. 
This cell has no compartments. The flowing mercury as shown 
in Fig. 6.8 acts as cathode. A number of graphite rods dipping 
in sodium chloride solution act as anode. A constant level of 
sodium chloride solution (brine) is maintained in the cell. On 
electrolysis chlorine gas is liberated at anode and Na* ions are 
discharged at cathode (mercury). Sodium discharged dissolves 
in Hg and forms sodium amalgam. 

• 2 Cr -—> CI2 + 21 (anode reaction) 

2 Na + 2 Hg + 2e — 2 Na-Hg (cathode reaction) 

sodium-amalgam 

This amalgam flows out in a vessel containing water. Sodium 
hydroxide is formed with evolution of hydrogen. 

2 Na-Hg + 2H2O-> 2 NaOH + 2 Hg + Hit 



H-ve Graphite anode 

>■ Hi .. 


Brine in 





Sodium 
amalgam out 


—ve 
Mercury 
cathode 



Fig. 8.8 Solvay-Kellner cell 


(iv) Diaphragm cell : Most modem method 
production of sodium hydroxide from brine (aqueous 
Brine „ Clg 


Hydrogen 


Cell ^ 
liquor 


Titanium f ‘ 
anode | 



Diaphragm Steel cathode 


for the 
sodium 


Fig. 6.9 A diaphragm cell for the electrolytic production of sodium 
hydroxide from brine (aqueous sodium chloride solution) 
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chloride solution) uses a diaphragm cell, containing steel and 
titanium electrodes which are separated by porous diaphragms 
to isolate the products. The process produces chlorine and 
hydrogen as well as sodium hydroxide. 

2 NaCl + 2H20-—^ 2 NaOH + Qa + Ha 
The porous diaphragm prevents the chlorine from mixing 
mth the hydrogen and sodium hydroxide. The liquid is drawn 
off and the water is partially evaporated. The unconverted 
sodium chloride crystallizes, leaving the sodium hydroxide in 
solution, 

■ Preparation of pure sodium hydroxide 

Commercial sodium hydroxide is purified with the help of 
alcohol. Sodium hydroxide dissolves in alcohol while impurities 
like NaCl, Na2C03, Na2S04, etc., remain insoluble. The 
alcoholic filtrate is distilled. The alcohol distills off while pure 
solid sodium hydroxide is left behind. _ 

■ Properties 

Physical Properties : (a) It is a white crystalline solid. 
It has soapy touch. 

(b) It is highly deliquescent. 

(c) Its density is 2.13 g/mL and melting point 318 . 4 “C. 

(d) It is highly soluble in water. It is bitter in taste. 

(e) It is corrosive in nature. 

(f) Its solubility is comparatively less in alcohol. 
Chemical Properties : (a) Reactivity towards atmos¬ 
phere : It cannot be kept in atmosphere. It absorbs moisture 
and carbon dioxide from atmosphere and converted into sodium 
carbonate. 

2 NaOH + CO2 Na2C03 + H2O 
(b) Strong alkali : Sodium hydroxide is a strong alkali as 
it dissociates completely in water furnishing Na* and OH” ions. 

NaOH ^ Na* + OH” 

(i) It reacts with acids forming corresponding salts. 

NaOH + HCl-> NaCl + H2O ' 

2 NaOH + H2SO4-^ Na2S04 + 2H2O 

NaOH + HNO3-^ NaN03 + H2O 

3 NaOH + H3PO4-> Na3P04 + 3H2O 

NaOH + CH3COOH-» CH3COONa + H2O 

(ii) It combines with acidic oxides to form salts. 

2 NaOH + CO2->Na2C03 + H20 

Sodium 

carbonate 

2 NaOH + SO2->Na2S03+H20 

Sodium 

sulphite 

2 NaOH + 2N02^->NaN03+NaN02+ H2O 

Sodium Sodium 
nitrate nitrite 

(iii) Amphoteric oxides of aluminium, zinc, tin and lead 
dissolve in sodium hydroxide forming corresponding salts. 
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AljOa + lNaOH-> 2NaA102 + H2O 

Sodium meta- 
aluminate 

ZnO + 2 NaOH-> NajZnOz + HjO 

Sodium zincate 

SnO + 2 NaOH-> NaaSnOa + H2O 

Sodium stannite 

Sn02 + 2 NaOH-> Na2Sn03 + H2O 

Sodium stannate 

PbO + 2 NaOH-^ NaaPbOa + H2O 

Sodium plumbite 

Pb02 + 2 NaOH —^ Na2Pb03 + HjO 

Sodium plumbate 

(c) Reactivity towards non-metals: Non-metals like 
halogens, P (yellow), S, Si, B, etc., are attacked by NaOH. 

(i) Halt^ens: Hypohalites and halides are formed by 
reaction of halogens with cold and dilute solution of NaOH. 


CI2 + 2 NaOH - 

NaCl + 

NaaO + H2O 

(cold and 


Sodium hypo¬ 

dilute) 


chlorite 

Br2 + 2 NaOH - 

—> NaBr + 

NaBiO + H2O 

(cold and 


Sodium hypo- 

dilute) 


bromite 

I2 + 2 NaOH - 

Nal + 

NalO + H2O 


(cold and Sodium hypo- 

dilute) iodite 


Halogens form halates and halides with hot and concentrated 
solution of NaOH. 

- 3012 + 6 NaOH SNaCl + NaClOj + 3H2O 

(hot and cone.) Sodium chlorate 

3 Br 2 + 6 NaOH -^ SNaBr + NaBi03 + 3H2O 

(hot and cone.) Sodium bromate 

3I2+ 6 NaOH -> 5 NaI+ NaI03 + 3H2O 

(hot and cone.) Sodium iodate 

(ii) Yellow phosphorus (white) when heated with NaOH 
solution evolves phosphine gas (PH3) along with the formation 
of sodium hypophosphite. 

P 4 + 3 NaOH + 3H2O-> 3 NaH 2 P 02 + PH3 

Sodium Phosphine 

hypophosphite 

(iii) Sulphur on heating with sodium hydroxide solution 
forms sodium thiosulphate. 

4 S + 6 NaOH-> Na2S203 + 2 Na 2 S + 3H2O 

Sodium thio- Sodium 
sulphate sulphide 

(iv) Silicon evolves hydrogen when heated with NaOH 
solution. 

2 NaOH + Si + H2O-> Na2Si03 + 2H2 

Sodium silicate 

(v) Boron also evolves hydrogen when fused with NaOH. 

2 B + 6 NaOH-> 2Na3B03 + 3H2 

Sodium borate 
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(d) Reactivity towards metals : Metals like Zn, Al, Sn, 
Pb react with sodium hydroxide solution and evolve hydrogen. 


Zn + 2 NaOH — 

—> Na 22 !ln 02 + H2 

2 A 1 + 2 NaOH + 2H2O — 

2 NaA 102 + 3H2 

Sn + 2 NaOH + H2O — 

—> Na2Sn03 -b 2H2 

Pb + 2 NaOH + HjO — 

Na2Pb03 4 - 2H2 

[However, Sn and Pb when fused with NaOH form Na 2 Sn 02 

and Na2Pb02, respectively. 


Sn + 2 NaOH — 

- 4 Na 2 Sn 02 + H 2 

Pb + 2 NaOH — 

Na 2 Pb 02 + H2] 

(e) Action on salts: 

Sodium hydroxide reacts with 

metallic salts to form hydroxides which may be insoluble or 
dissolve in excess of NaOH to form salts of oxyacids. Some 
of the hydroxides decompose into insoluble oxides. 

(i) Insoluble hydroxides: Salts of nickel, iron, man¬ 
ganese, coppery etc., form insoluble hydroxides. - - . 

Ni(NG3)2 + 2 NaOH — 

Ni( 0 H )2 + 2 NaN 03 

FeS04 + 2 NaOH — 

—> Fe( 0 H )2 + Na2S04 

FeCl3 + 3 NaOH ^ 

Fe(OH)3 + 3 NaCl 


Red ppt. 

CrCl3 + 3 NaOH — 

Cr(OH)3 + 3 NaCl 


Green ppL 

MnS04 + 2 NaOH — 

—> Mn( 0 H )2 Hf- Na2S04 


Buff coloured ppt. 

CUSO4 + 2 NaOH — 

—> Cu( 0H)2 + Na2S04 


Blue coloured ppt. 

(u) Insoluble hydroxides which dissolve in excess of 

NaOH: 


ZnS04 + 2 NaOH — 

Zn(0H)2 + Na2S04 

White (insoluble) 

Zn(0H)2 + 2 NaOH — 

—> Na2Z!n02 ■+■ 2H2O 


Sodium zincate 


(soluble) 

AICI3 + 3 NaOH — 

-^AJ(OH)3 + 3 NaCl 


White ppt. 

A1(0H)3 + NaOH — 

NaA102 + 2H2O 


Sodium meta- 
aluminate (soluble) 

SnCl2 + 2 NaOH - 

Sn(0H)2 + 2 NaCl . 


White ppt. 

Sn(0H)2 + 2 NaOH - 

Na2Sn02 + 2H2O 


Sodium stannite 


(soluble) 

(iii) Unstable hydroxides : 

2 AgN 03 + 2 NaOH - 

2 AgOH + 2 NaN 03 

2 AgOH - 

— > Ag20 + H2O 


(Brown) 

HgCl2 + 2 NaOH - 

Hg(0H)2 + 2 NaCl 


Hg( 0 H )2 -> HgO +H2O 

(YeUow) 
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(f) Reactivity towards ammonium salts : Ammonium 
salts are decomposed on heating with sodium hydroxide solution 
with the evolution of ammonia gas. 

NH4CI + NaOH-> NH3 T + NaCl + H2O 

(NH4)2S04 + 2 NaOH-> Na2S04 + 2NH3 t + 2H2O 

(g) Reactivity towards carbon monoxide : NaOH reacts 
with carbon monoxide under pressure at 150 - 200 °C to form 
sodiuin formate. 

NaOH + CO > HCOONa 

5-10 atm. Sodium formate 

(h) Caustic property : Sodium hydroxide breaks down 
the proteins of skin to a pasty mass. On account of this 
property, it is commonly called as Caustic soda* 

■ Uses 

Sodium hydroxide is among the top ten industrial chemicals. 
It is an important industrial chemical because it is an inexpensive 
base for the production of other sodium salts. It is a strong 
base, and this property is useful in many applications. It is used: 

(i) as a reagent in. the laboratory. 

(ii) in refining of petroleum. 

(iii) in the manufacture of soap. 

(iv) in the manufacture of sodium metal. 

(v) in the manufacture of paper and rayon. 

(vi) in the manufacture of dyes and drugs. 

(vii) as an absorber of gases. 

(viii) in the manufacture of sodium hypochlorite, sodium 
chlorate and sodium nitrite. 

(ix) for mercerizing cotton. 

(x) In large quantities in the production of aluminium which 
depends on its reaction with the amphoteric aluminium hydroxide. 

^ 4. Sodium Carbonate or Washing Soda 
(Na2CO3-10H2O) 

Sodium carbonate (Na2C03) is the most important of all 
alkali salts in commercial use. It is one of the world’s most 
important industrial chemicals. It occurs in the ashes of marine 
plants which used to be its only source upto 1790 . It is also 
found as natural deposits like sajji in India and trona 
(Na2C03-NaHC03-2H20) in Egypt, The world production of 
sodium carbonate now exceeds 30 million tonnes per year. 

Manufacture 

The first process for the manufacture of Na2C03 was 
invented by Le-Blanc in 1790 . However, this process has become 
obsolete and has been replaced by modem methods. The most 
important one is Solvay process. The following are the three 
main processes for ihc manufacture of sodium carbonate : 

(a) Le-Blanc process, 

(b) Solvay ammonia soda process and 

(c) Electrolytic process. 
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(a) Le-Blanc process 

The raw materials of this process are common salt (NaCl), 
sulphuric acid, coke and limestone (CaC03). It involves the 
following steps: 

(i) Conversion of NaCl into Na 2 S 04 : The common 
salt is heated with calculated quantity of sulphuric acid 
(concentrated) in the furnace shown in Fig. 6 . 10 . 

NaCl + H2SO4 —^ NaHS04 + HCl 

Sodium hydrogen 
sulphate 

The pasty mass of NaHS04 is then raked out on the hearth 
of the furnace with common salt. The paste is heated at higher 



temperature when sodium hydrogen sulphate is converted into 
sodium sulphate. 

NaHS04 + NaCl —> Na2S04 + HCl 

Sodium sulphate, thus formed is technically called salt cake. 
The HCl evolved is dissolved in water to form hydrochloric 
acid. 

(ii) Conversion of salt cake into black ash : The salt 
cake formed in the first step is broken into small pieces. These 
pieces are mixed with coke and limestone. The mixture is 
introduced into the cylindrical revolving furnace where it is 
strongly heated. Sodium sulphate is converted into sodium 
carbonate along with calcium sulphide with evolution of carbon 
monoxide according to the following reaction. 

Na2S04 + CaC03 + 4 C-> Na2C03 +CaS + 4 CO 

Black ash 

The solid residue is called black ash. This contains about 
45 % sodium carbonate. 

(iii) Recovery of Na 2 C 03 : The black ash is crushed 
and extracted with water. The sodium carbonate dissolves and 
the insoluble impurities mainly consisting CaS are left behind. 
The insoluble material is called sludge or alkali waste. The 
solution consisting sodium carbonate is evaporated to get solid 
sodium carbonate. 



284 


GR.B. Inorganic Chemistry for Competitions 


(b) Solvay ammonia soda process 

This is the modem process used for the manufacture of 
sodium carbonate worldwide, a large quanti^ of sodium carbo¬ 
nate is still produced by the solvay process. It is an industrial 
method for obtaining sodium carbonate from sodium chloride 
and limestone (CaCOs). The raw materials required in this 
process are the common salt, ammonia and limestone. In the 
main steps of this process, anunonia is 1st dissolved in a 
saturated solution of sodium chloride and then carbon dioxide 
is passed in it. The process involves the formation of a sparingly 
soluble sodium bicarbonate (baking soda) by the reaction of 
sodium chloride and ammonium bicarbonate in aqueous solution. 
The reactions taking place in the process are: 

NH3 + H2O + CO2-> NH4HCO3 

Ammonium 

bicarbonate 

- NaCl- 1 - NH4HCO3 —^ NaHCOj -hNH4C1 

Sodium 

bicarbonate 

NH3 + H2O + CO2 + NaCl -^ NaHC03 + NH4CI 

Sodium bicarbonate on heating decomposes into sodium 
carbonate. 

2NaHC03 Na2C03 -h H2O + COj 
The various steps involved in the process are: 

(i) Saturation of brine with anunonia : This step is 
done in ammonia absorber (Fig. 6 . 11 ). Anunonia from the 
ammonia generator is circulated through the solution. The 
ammonical brine solution is allowed to stand for some time as 
to allow any precipitate formed to settle down. Anunonia 
precipitates, the hydroxides of magnesium, iron, calcium, etc., 
if present as impurity in the common salt. 

NH3 + H2O-> NH4OH 

MgClj +. 2NH4OH-> Mg(OH)2 + 2NH4CI 

ppt. 



for ignition 


Fig. 6 ,11 Solvay ammonia soda process 


Ammonia mixed with a little carbon dioxide if used, 
precipitates calcium and magnesium as carbonates. 

CaCl2 + 2NH3 + H2O + CO2-> CaCOs -1- 2NH4CI 

ppt. 

The clear liquid is now allowed to go into the carbonation 
tower. 

(ii) Carbonation : Ammonical brine solution is cooled in 
the cooling pipe and then allowed to enter a little above the 
middle of the carbonation tower packed with perforated plates. 
It flows down slowly in the tower and meets with an upward 
stream of carbon dioxide. The sparingly soluble sodium 
bicarbonate (NaHCOs) gets precipitated. This is taken out 
from the tower. 

NaCl + NH3 + H2O + CO2 = NaHCOs + NH4CI 

(iii) FUtration : The solution obtained from carbonation 
tower is filtered with the help of rotatory vacuum filter. The 
filtrate is pumped to the top of recovery tower. 

(iv) Ammonia recovery : The filtrate from the^^vwuum 
filter contains ammonium chloride and a little ammonium 
bicarbonate. Anunonia is recovered from this filtrate by passing 
steam and adding Ca(OH)2. This ammonia is again used. 

NH4HCO3 NH3 -I- H2O -I- CO2 

2NH4CI -H Ca(OH)2-> 2NH3 -I- CaCl2 + 2H2O 

(v) Calcination : Sodium bicarbonate obtained in step 
(ii) is strongly heated in especially designed cylindrical vessels 
when sodium carbonate is obtained. 

2NaHC03 NazCOj + H2O -1- CO2 

Carbon dioxide used in the carbonating tower is produced 
by heating limestone, CaC03. 

CaC03-> CaO + CO2 

Calcium oxide 

The calcium oxide (CaO) produced ftom this process is 
known as quicklime or lime. It is dissolved in water to form 
calcium hydroxide which is used for the recovery of 
ammonia. 

The byproduct of this process is calcium chloride. The 
process on the whole is cheap, self-contained and self-sufficient 
and the product formed, Na2C03, is of high purity. 



Blow Sheet rf Solvay 











Alkali Metals and their Compounds 

(c) Electrolytic process 

In this process sodium chloride is first converted into sodium 
hydroxide by electrolysis. In the Nelson cell used for . the 
manufacture of sodium hydroxide, carbon dioxide under 
pressure is blown along with steam. The sodium hydroxide 
produced will then react with carbon dioxide to form sodium 
carbonate. The solution is concentrated and crystallised. 

2 NaOH + CO2 ^ NajCOa + H2O 

Sodium carbonate can also be made in the laboratory by 
neutralising sodium hydroxide solution with carbon dioxide. 
The solution on concentration and cooling deposits crystals of 
the decahydrate; Na2CO3*10H2O. 

■ Properties 

Physical Properties : (a) Sodium carbonate is a white 
crystalline solid. It is known in several hydrated forms. The 
common form is decahydrate, Na2CO3-10H2O. This form is 
called washing soda. The decahydrate form on standing 
in air effloresces and crumbles to powder. It is the mono¬ 
hydrate form,Na2C031120. It also forms a heptahydrate, 
Na 2 C 03 - 7 H 20 . 

(b) On heating, the monohydrate changes into the anhydrous 
form which does not decompose on further heating even to 
redness. It is the amorphous powder and called soda ash. It 
melts at 

Na2C03 • 10 H 2 O^==i^Na 2 CO 3 •H2O + 9H2O 
Na2C03 H20^==i^Na2C03 -1- H2O 

Soda ash 

(c) It is soluble in water with evolution of considerable 
amount of heat. The solution is alkaline in nature due to 
hydrolysis. 

Na2C03 + 2H2O ^ 2 NaOH + H2CO3 

When the hot solution of sodium carbonate is concentrated 
and cooled, crystals of decahydrate form are obtained. 

Chemical Properties : (a) Reaction vfith adds: It 
is readily decomposed by acids with evolution of carbon dioxide. 
The reaction occurs in two steps. 

Na2C03 + HCl:-> NaHCOs -I- NaQ 

NaHC03 + HCl-^ NaCl + H2O + CO2 

(b) Reaction with CO 2 : On passing CO2 through the 
concentrated solution of sodium carbonate, sodiiun bicarbonate 
gets precipitated. 

Na2C03 + H2O + CO2-> 2NaHC03 

(c) Reaction with silica : When the mixture of sodium 
carbonate and silica is fused, sodium silicate is formed. 

Na 2 C 03 + Si02-^ Na 2 Si 03 + CO 2 T 

Sodium silicate is called soluble glass or water glass as it 
is soluble in water. 
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(d) Reaction with slaked lime: Sodium hydroxide 
is formed when the solution of sodium carbonate and slaked 
lime, Ca(pH)2, is heated. 

Na2C03 + Ca(0H)2-> 2 NaOH + CaCOs 

(e) Reaction with sulphur and sulphur dioxide *. When 
aqueous solution of sodium carbonate containing sulphur is 
treated with sulphur dioxide, sodium thiosulphate (Na2S203) 
is formed. 

Na2C03 + SO2Na2S03 + C02T 

Na 2 S 03 + S-> Na 2 S 203 

(f) Action on salts of non-alkali metals : Sodium 
carbonate reacts with metal salts (except alkali metal salts) to 
form insoluble normal or basic carbonates. 

CaCl2 + Na2C03-> CaCOs + 2 NaCl 

BaCl2 + Na2C03-^ BaC03 + 2 NaCl 

2MgCl2 + 2Na2C03 + H2O ^->MgC03-Mg(0H)2 + 4 NaCl 

Basic magnesium + CO2 
carbonate 

5 ZnS 04 + 5 Na 2 C 03 + 4H2O-> 

[2ZnC03-3Zn(0H)2]H20 + 5Na2S04 + 3C02 

Basic zinc carbonate 

CUSO4 + Na2C03-> CUCO3 + Na2S04 

2CUSO4 + 2Na2C03 + H2O-> 

Cu(OH)2CuC 03 + CO2 + Na2S04 

Basic copp«- carbonate , 

3 (CH 3 COO) 2 Pb -1- 3 Na 2 C 03 + H2O-> 

2PbC03Pb(0H)2 + CO 2 + eCHaCOONa 

Basic lead caibonate 

2AgN03 + Na2C03-> Ag2C03 + 2NaN03 

Carbonates of metals like Fe, Al, Sn, etc., when formed are 
immediately hydrolysed to hydroxides. 

Fe 2 (S 04)3 + 3Na2C03-^ Fe 2 (C 03)3 + 3Na2S04 

Fe2(C03)3 + 3H2O-> 2Fe(OH)3 -h 3CO2 

■ Uses 

Sodium carbonate is used: 

(i) in the manufacture of soaps, detergents, dyes, drugs and 
other chemicals. 

(ii) in laundries and in softening of water as washing soda. 

(iii) in the manufacture of glass, sodium silicate, paper, 
borax, soap powders, caustic soda, etc. 

(iv) as a laboratory reagent. The mixture of Na2C03 and 
K2CO3 is used as a fusion mixture. It is used in quantitative 
analysis to standardise acid solutions. In qualitative analysis, it 
is used in the detection of acidic radicals especially of insoluble 
salts. 

(v) in textile, petroleum refining, paints and dyes. 

(vi) for the preparation of various carbonates of metals. 
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^ 5. Sodium bicarbonate (Baking soda), NaHCOs 

Preparation : Sodium hydrogen carbonate, NaHC03 
(Sodium bicarbonate), is commonly called bicarbonate of 
soda or baking sbda. It is obtained as the intermediate product 
in the solvay ammonia soda process. Normal carbonate can be 
changed to bicarbonate by passing carbon dioxide through its 
saturated solution. 

Na2C03 + CO2 + H2O-> 2NaHC03 

Sparingly soluble 

Properties : It is a white crystalline solid, sparingly soluble 
in water. The solution is alkaline in nature due to hydrolysis. 
The solution is weakly basic. 

NaHC03 + H2O ^ NaOH + H2CO3 

The solution gives yellow colour with methyl orange but no 
colour with phenolphthalein. 

Qn heating, it loses carbon dioxide and water forming sodium 
carbonate. 

2NaHC03-> Na2C03 4* H2O + CO2 

The metal salt which forms basic carbonate with sodium 
carbonate, gives normal carbonate with sodium bicarbonate. 

ZnS 04 + 2 NaHC 03 - > ZnC 03 + Na2S04+H20+C02 

Uses 

(i) It is used as a medicine (sodabicarb) to neutralise the 
acidity in the stomach. 

(ii) . It is largely used for making baking powder. Baking 
powder is a mixture of potassium hydrogen tartrate and sodium 
bicarbonate. Baking powder is also prepared by using NaHC03 
( 30 %), starch ( 40 %), calcium hydrogen phosphate ( 10 %) and 
NaAl(S 04 ) 2 . 

(iii) It is used in making effervescent drinks. 

(iv) It is used in fire extinguishers. 

(v) It is used for production of carbon dioxide. 

^ 6. Sodium Thiosulphate, (Hypo), Na 2 S 203 * 5 H 20 

It is the sodium salt of an unstable acid, thiosulphuric acid 
(H2S2O3). It is also known as hjpo. The following methods 
can be used for its preparation. 

(i) It is obtained by boiling sodium sulphite solution with 
flowers of sulphur. 

Na 2 S 03 + S -> Na 2 S 203 

Sodium Sulphur Sodium 

. sulphite thiosulphate 

The unreacted sulphur is filtered off and the filtrate is 
evaporated to crystallisation. 

(ii) Spring’s reaction : The mixture of sodium sulphite 
and sodium sulphide is treated with calculated quantity erf iodine. 

Na2S + I2 + Na2S03-> Na2S203 + 2 NaI 
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The resulting solution is concentrated and allowed to 
crystallise when crystals of sodium thiosulphate being less 
soluble separate out first. 

(iii) When the solution containing sodium carbonate and 
sodium sulphide is treated with sulphur dioxide, sodium 
thiosulphate is formed with evolution of carbon dioxide. 

2Na2S + Na 2 C 03 + 4 SO 2 -> 3Na2S203 + CO 2 t 

(iv) Sodium thiosulphate is formed when sulphur is heated 
with caustic soda solution. 

4 S + 6 NaOH-> NaaSaOa + 2 Na 2 S + 3H2O 

With excess of sulphur, sodium pent^ulphide is formed, 
Na 2 S + 4 S- > Na 2 S 5 

(v) On passing SO2 gas through the solution of Na2C03 in 
presence of sulphur we get sodium thiosulphate. 

Na2C03 + SO2-> Na2S03 + CO2 

Na 2 S 03 + S-> Na 2 S 203 

Properties - 

(i) It is a colourless crystalline solid consisting of 5 molecules 
of water as water of crystallisation. It has the formula, 
Na2S203-5H20. It is soluble in water. It melts at 48 ‘’C. 

(ii) Action of heat; It is efflorescent substance. The 
water molecules are completely lost when heated at 215 °C. 

Na2S203-5H20 Na 2 S 203 + 5 H 2 O 

When strongly heated above 223 °C, it decomposes form¬ 
ing sodium sulphate (salt cake) and sodium pentasulphide. 

4Na2S203-^ 3Na2S04 + Na2S5 

(iii) Reaction with adds: Dilute acids decompose it with 
evolution of SO2 and precipitation of sulphur. 

Na2S203 + 2 HC 1 -> 2 NaCl -t SO2 S + HjO 

Na 2 S 203 + H2SO4-> Na 2 S 04 + SO2 + S + H2O 

(iv) Oxidation : It is oxidised by iodine quantitatively. 

2Na2S203 + I2.-> 2 NaI -t- Na2S406 

Sodium 

tetrathionate 

In this reaction, colour of iodine disappears! 

(V) Reducing action: It is oxidised by chlorine and 
bromine water. Sulphur is precipitated. 

Na 2 S 203 + CI2 + H2O-> Na 2 S 04 + 2 HC 1 -1- S 

It reduces FeCl3 to FeCl2 

2Na2S203 + 2FeCl3-> Na2S406 + 2FeC]2 + 2 NaCl 

(vi) Reaction with AgNOa : A white precipitate of silver 
thiosulphate is obtained which changes to yellow, brown and 
finally black due to the formation of silver sulphide. 

2AgN03 + Na2S203-> Ag2S203 + 2NaN03 

Ag2S203 + H2O-> Ag2S + H2SO4 

(vii) Reaction with silver halides : Halides form 
complexes with sodium thiosulphate. Silver bromide forms 
argentothiosulphate complex. 
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AgBr + 2Na2S203-> Na3[Ag(S203)2] + NaBr 

Sodium argentothiosulphate 
(colourless) 

Similar reactions are observed with AgCl and AgL 
This property is utilised in photography for fixing the negative 
and positive of black white photography. It mmoves 
undecomposed AgBr present on the film. 

(viii) Reaction with copper sulphate : Cuprous thio¬ 
sulphate is formed which dissolves in excess of sodium 
thiosulphate to form a complex. 

. CUSO4 + Na2S203-> CUS2O3 + Na2S04 

Cupric 

thiosulphate 

2CUS2O3 + Na2S203-> CU2S2O3 + Na2S405 

Cuprous 

thiosulphate 

3CU2S2O3 + 2Na2S203 -> Na4[Cu6(S203)5] 

Sodium cuprothiosulphate 

Uses 

Sodium thiosulphate is used: 

(i) as an antichlor to remove excess of chlorine from 
bleached fabrics. 

(ii) in the extraction of silver and gold. 

(iii) in photography as a fixing agent in the name of hypo. 

(iv) as a reagent in iodometric and iodimetric titrations for 
the estimation of iodine, CUSO4, K2Cr207, KMn04, Na3As03, 
etc. 

H 7. Microcosmic Salt, Na(NH 4 )HP 044 H 20 

Preparation : It is prepared by dissolving ammonium 
chloride and disodium hydrogen phosphate in molecular 
proportion in hot water. 

NH4CI +.Na2HP04 + 4H2O —^ NaNH4HP044H20 + NaCl 

The sparingly soluble microcosmic salt separates put. It is 
filtered and purified by recrystallisation. 

Properties 

(i) It is colourless crystalline solid, sparingly soluble in water. 

(ii) When heated, it melts to form a clear transparent mass 
which has the property of combining with metallic oxides to 
form coloured orthophosphates. 

Na(NH4)HP04-> NaPOs + NH3 + H2O 

Sodium 

metaphosphate 

NaP03 + CuO-> NaCuP04 

Blue mass 

On account of this property, microcosmic salt is used for 
the detection of coloured ions. The test is similar to borax bead 
test. The salt is heated on a loop of a platinum wire, a transparent 
bead is formed. When hot bead is brought in contact with 
coloured substance and strongly heated, a coloured bead is 
formed if the substance contains Cu^”^, Co^'*', etc. 
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Uses t It is especially used for testing silica with which a 
cloudy bead containing floating properties of silica is obtained. 

ii 8. Sodium Chloride (Common Salt), NaCI 

* Sodium chloride is the most common of the salts of sodium. 
It is also called common salt, table salt, rock salt or sea salt. 
An aqueous solution of sodium chloride is known as brine. 
Sea water contains about 2.95 per cent sodium chloride. As 
a rock salt it is found at several places in England, Australia, 
Germany, Canada, Pakistan (Khewra-Punjab) and India (Mandi- 
Himachal Pradesh). It is found in land lakes Sambhar 
lake in India, lake Elton in Russia). 

Manufacture from sea water 

In tropical countries like India, on the sea coasts, the sea 
water is allowed to dry up under summer heat in small tanks 
or pits. The solid crust so formed is collected, _ 

In very cold countries, the sea water is concentrated by 
freezing. The concentrated solution is then evaporated in big 
iron pans. Sodium chloride thus obtained contains impurities 
like magnesium chloride, calcium chloride, etc. It is purified by 
passing hydrogen chloride through a saturated solution of 
the commercial salt. Hie precipitation of sodium chloride occurs 
due to common ion effect. 

Pitipertles 

(a) It is a white ciystalline solid. It is slightly hygroscopic. 

(b) Its density is 2,17 g/mL when pure. It melts at SOO'^C. 
It is soluble in water. It dissolves in water with absorption 
of heat. 

(c) It is insoluble in alcohol. 

(d) The common salt is the starting material for the 
preparation of all the other sodium compounds and extraction 
of sodium. Sodium, sodium hydroxide and sodium carbonate 
are the three main materials obtained from common salt which 
are then used to prepare other important compounds of sodium. 

Uses 

(i) It is an essential constituent of food. 

(ii) It is used as a preservative of food articles like fish, 
meat, etc. 

(iii) It is used for making useful sodium compounds. 

(iv) It finds application in salting out of soap, and in making 
freezing mixtures. 

(v) Impure salt (rock salt) is used to de-ice roads. 

^ 9. Sodium Cyanide, NaCN 

It is manufactured by the following methods : 

(i) From sodium : Sodamide is first formed by passing 
dry ammonia gas over heated sodium in iron retorts at 300 - 
400 ^C. 

2 Na + 2NH3-> 2NaNH2 + H2 t 
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Flowsheet chart for the properties of sodium chioride and preparation of various compounds of sodium 


The molten sodamide thus obtained is dropped on red hot 
charcoal when first sodium cyanaraide and then sodium cyanide 
is formed. 

2 NaNH 2 + C -—> NajCNj + 2H2 
Na2CN2 + C->^ 2 NaCN 

2NaNH2 + 2 C-> 2 NaCN + 2H2 

or NaNH2 + C —^ NaCN + H2 

(n) From calcium cyanamide : NaCN is prepared by 
fusing a mixture of cmde calcium cyanamide (nitrolim) and 
sodium carbonate in the presence of carbon. 

CaCN2 + C + Na2C03-^ 2 NaCN + CaCOs 

The fused product is extracted with water and the solution 
on evaporation'gives NaCN. 


(iii) From gas works : Coal gas is always contaminated 
with some hydrocyanic acid and ammonia. Before it is put into 
use, it is passed through copper sulphate solution when 
ammonium tricyanocuprate (I) is formed. 

2CUSO4 + 4 HCN-> 2 CuCN + (CN)2 + 2H2SO4 

NH3 + HCN —4 NH4CN 

2NH4CN + CuCN-> (NH4)2 [Cu(CN)3] 

The complex is decomposed by the addition of dilute H2SO4 
and the evolved HCN is absorbed in caustic soda. 

(NH4)2[Cu(CN) 3] + H2SO4-> (NH4)2S04 + CuCN + 2 HCN 

NaOH + HCN-> NaCN + HjO 
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Properties 

It is a white crystalline solid. It has a characteristic smell 
and highly poisonous in nature. It is soluble in water and its 
solution is alkaline due to hydrolysis. 

NaCN + H2O NaOH + HCN 

It forms complex cyanides with the salts of copper, silver, 
gold, cadmium, zinc, iron, cobalt, nickel, etc. Some examples 
are given below: 

(i) AgNOs + NaCN-> AgCN + NaNOa 

AgCN + NaCN-> Na[Ag(CN)2] 

(ii) CdS04 + 2 NaCN-> Cd(CN)2 + Na2S04 

Cd(CN)2 + 2 NaCN-> Na2[Cd(CN)4] 

(iii) FeS04 + 2 NaCN-> Na2S04 + Fe(CN)2 

Fe(CN)2 + 4 NaCN-> Na4p^e(CN)^6] 

(iv) CuS04 + 2 NaCN-> Na2S04 + Cu(CN)2 

2Cu(CN)2-> 2 CuCN + (CN)2 

CuCN + 3 NaCN-> Na3[Cu(CN)4] 

A dilute solution of sodium cyanide dissolves gold and silver 
in presence of oxygen. 

4 Au + SNaCN + 2H2O + O2 -—> 4Na[Au(CN)2] + 4 NaOH 

Uses 

Sodium cyanide is used: 

(i) in the extraction of Ag and Au, 

(ii) as germicide in agriculture. 

(iii) in electroplating of silver, gold, etc, 

(iv) in the preparation of complex cyanides of transition 
metals and organic cyanides. 

(v) as a laboratory reagent 

6 ^ POTASSIUM 

Potassium is not found in the native state. In combined state, 
potassium compounds are widely distributed in nature almost 
to the same extent as the sodium compounds. All plants contain 
considerable amounts of-potassium compounds which they 
receive from soil. Its compounds occur as salt beds, in rocks 
and in sea water. The important minerals of potassium are: 

Sylvite KCl 

Camallite KClMgCl2-6H20 

Kainite KClMgS04MgCl2*3H20 

Indian saltpetre KNO3 

Feldspar K20 Al203-6Si02 (clay) 

Polyhalite K2S04MgS04CaS04-6H20 

Metallic potassium is not of much in demand as cheaper 

sodium can be used for the same purpose. Potassium is prepared 
by the chemical reduction of potassium chloride, KCl rather 
than by electrolysis of the molten chloride, as in the preparation 


of sodium. However, it can also be prepared by carrying 
electrolysis of fused potassium hydroxide or by electrolysis of 
fused mixture of KCl and CaCl2. Potassium is manufactured 
by reducing the fluoride with calcium carbide at lOOO'^C in 
steel cylinders. 

2 KF + CaC2 2 K + CaF2 + 2 C 

The metal obtained is 99,7 per cent pure. 

Uses : (i) Potassium is used in photoelectric cells. In the 
commercial process, potassium chloride is melted with sodium 
metal by heating to 870 ^C. 

RICP P 

KCl + Na > K + NaCl 

At this temperature, potassium forms a vapour, which leaves 
the reaction chamber and then condensed in photoelectric cells. 

(ii) An alloy of potassium and sodium is used in special 
thermometers employed for measuring high temperatures. 

^ Compounds of f^otassium 

■ 1. Potassium Chloride, KCl 

Potassium chloride is the starting material for the prepamtion 
of various potassium compounds. It is obtained from camallite, 
KCl*MgCl2*6H20, by fractional crystallisation. The camallite 
is ground and extracted with a 20 per cent solution of MgCl2. 
The camallite dissolves while NaCl and MgS04 remain 
undissolved. The clear solution is put to crystallisation when 
crystals of KCl separate out. 

More than 90 % of the potassium chloride that is mined is 
used directly as a plant fertilizer. The rest is used in the prepara^ 
tion of various potassium compounds. 

■ 2* Potassium Iodide^ K1 
Preparation 

(i) It is prepared by the action of hydroiodic acid on 
potassium hydroxide or potassium carbonate. 

KOH + HI-> KI + H2O 

K2CO3 + 2 ffl 2 KI + CO2 + H2O 

(ii) It may be prepared by heating iodine with hot and 
concentrated solution of pot^sium hydroxide. The resulting 
liquid consisting of KI and KIO3 is evaporated to dryness and 
the solid residue is then ignited with powdered charcoal to 
convert iodate also into iodide. 

3I2 + 6 KOH-> SKI + KIO3 + 3H2O 

KIO3 + 3 C-> KI + 3 CO 

The mass is extracted with water, filtered and the clear 
solution is evaporated to dryness. 

(iii) Potassium iodide is obtained on large scale by the action 
of ferroso ferric iodide on potassium carbonate. The solution 
is boiled. 

4K2C03-fFe3l8 + 4H2O —> 8 KI+ 4 CO^+Fe(OH) 2 * 2 Fe(OH )3 

ppt. 



G.R.B. Inorganic Chemistry for Competitions 


290 

[Fe3lg is formed separately by adding iodine to iron fillings 
in water. 

, Fe + I2-> Fela 

3Fel2 + I2- > Fe3lg (ferroso ferric iodide)] 

The precipitate is filtered off and the clear solution is put to 
crystallisation when crystals of potassium iodide are obtained. 
[Note : KBr, potassium bromide is obtained similarly by the-applica¬ 
tion of above methods.] 

Properties 

(a) It is white crystalline solid, highly soluble in water and 
alcohol. 

(b) It dissolves in free iodine and forms potassium tri- 
iodide. 

[The solubility of iodine increases in presence of potassium 
iodide.] 

KI -I- I2-> KI3 ^ KI -I- I2 

KI3 is unstable and gives up extra iodine readily. 

(c) Sulphuric acid decomposes potassium iodide. 

2 KI H2SO4-> K2SO4 -I- 2 HI 

2 HI -(- H2SO4-> 2H2O -I- I2 + SO2 

2 KI + 2H2SO4-» K2SO4 H- I2 + SO2 + 2H2O 

or 2 KI -b 3H2SO4-b 2KHSO4 -H2 + SO2 + 2H2O 

(d) Chlorine liberates iodine from potassium iodide. 

2 KI -b CI2 —^ 2 KC 1 -b I2 

(e) It acts as a reducing agent. Oxidising agents like acidified 
KMn04, acidified K2Cr207, HNO3, H2O2, CUSO4, etc., Hberate 
iodine from KI. 

(i) 2 KMn 04 -b 3H2SO4 K2SO4 -b 2 MnS 04 -b 3 H 20 -b 50 
[ 2 KI -b H2SO4 + O K2SO4 -b H2O -b I2 ] X 5 

2 KMn 04 -b lOKI -b 8H2SO4 6K2SO4 -b 2 MnS 04 -b 5I2 + 

8H2O 

(ii) K 2 Cr 207 -b 4H2SO4 ^ K2SO4 + Cr 2 (S 04)3 + 4H2O -b 30 
[ 2 KI -b H2SO4 -b O K2SO4 -b H2O -b I2 ] X 3 

6KI+K2Cr207-b7H2S04 ^ 4 K 2 SO 4 + Cr 2 (S 04 ) 3 -b 3 I 2 + THjO 

(iii) [CUSO4 -b 2 KI-> Cul2 + K2SO4] X 2 

Unstable 

2Cul2-> CU2I2 + I2 _ 

2CUSO4 -b 4 KI-> CU2I2 + 2K2SO4 -b I2 

Cuprous 

iodide 

The above three reactions are used in iodometric titrations. 

(iv) 2HNO3 -b H2O -b 2NO2 + O 

2 KI -b 2HNO3 -b 0 -b 2KNO3 -b I2 + H2O 

2KI + 4HNO3-> 2KNO3-b 2NO2 + I2 + 2H2O 

(f) Potassium iodide forms insoluble iodides with AgNOg 
and lead salts. 


AgNOs + KI —^ Agl -b KNO3 

Yellow 

Pb(CH3COO)2 + 2 KI-b Pbl2 + 2CH3COOK 

Yellow 

If forms a red precipitate with HgCl2 which dissolve in 
excess of potassium iodide forming potassium mercuric iodide. 

HgCl2 + 2 KI- 4 Hgl2 + 2 KC 1 

Hgl2 + 2 KI->K2Hgl4 

The alkaline solution of K2Hgl4 is called Nessler’s reagent 
and is used for the detection and estimation of NH4 ion. 
Uses : It is used : 

(a) as a solvent of iodine. 

(b) as a reagent in laboratory. 

(c) in medicine and photography. 

(d) for making Nessler’s reagent in the laboratory. 

■ 3. Potassium Nitrate, KNO 3 

Potassium nitrate is prepared by the reaction of potassium 
hydroxide and nitric acid. 

KOH + HNO3-> KNO3 +H2O 

Potassium i^itric acid Potassium 
hydroxide nitrate 

Uses : (i) KNO3 is used in the production of feitiHzers and 

for explosives and fireworks. 

(ii) Potassium nitrate, KNO3, releases oxygen when heated, 

2 KN 03 ( 5 ) ^ 2KN02(^) + 02(g) 
and is used to facilitate the ignition of matches. 

(iii) It is less hygroscopic (water absorbing) than the 
corresponding sodium compounds, because the cation is 
larger and is less strongly hydrated by H2O molecule. 

■ 4 Oxides 

Three oxides of potassium are known: 

(a) potassium monoxide, K2O. 

(b) potassium dioxide (tetraoxide or superoxide), KO2 or 
K2O4. 

(c) potassium sesquioxide, K2O3. 

(b) Potesium dioxide; (tetraoxide or supeixixide) KO 2 : 
Almost all of the pot^sium metal produced is used in the 
preparation of potassium superoxide, KQ2. It is prepared by 
burning potassium in excess of oxygen free from moisture. 
K + O2-> KO2 

It is also obtained by reacting dry potassium hydroxide with 
ozone. 

2 K 0 H + O3-> 2KO2 + H2O 

Properties : Potassium superoxide, KO2, is a chrome 
yellow powder. It dissolves in water giving H2O2 and O2. 

2KO2 + 2H2O-b 2 K 0 H + H2O2 + O2 

It reacts directly with CO and CO2. 

2KO2 -b CO-b K2CO3 -b O2 

4KO2 + 2CO2-b 2K2CO3 -b 3O2 
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On heating with sulphur, it forms potassium sulphate, 
2KO2 + S-> K2SO4 

Uses : KO2 is used as an oxidising agent. It is used as air 
purifier in space capsules, submarines and breathing masks as 
in all these it produces oxygen and removes carbon dioxide. 

(c) Potassium sesquioxide; K2O3 : It is obtained when 
oxygen is passed through liquid ammonia containing potassium. 

4 K (dissolved in liquid NH3) 2K2O3 

Uses : It is used for the production of self contained 
breathing apparatus which is used in the situations such as fire 
fighting, where toxic fumes may be present. 

■ 5. Potassium Hydroxide (Caustic Potash), KOH 

It was first prepared from potassium carbonate (K2CO3), 
obtained by leaching plant ashes with water and evaporating 
the solution in large pots (whence the name). 

It is manufactured like sodium hydroxide, i.e., by electrolysis 
of aqueous KCl solution. 

Uses : It is an important base and’is used for the absorption 
of gases like CO2, SO2, etc; It is often called as caustic 
potash and its aqueous solution is known as potash lye. It is 
used for making soft and liquid soaps. 

Alcoholic caustic potash is a useful reagent in organic 
chemistry as it eliminates hydrogen halides from alkyl halides. 

C2H5Br + KOH(alc.)-> C2H4 + KBr + H2O 

Like caustic soda, NaOH caustic potash, KOH also is quite 
corrosive and destructive to the organic tissue; they convert 
animal fats to soaps. 

■ 6 . Potassium Carbonate, K 2 CO 3 

It is also called Potash or Pearl ash. It cannot be made by the 
use of Solvay process as potassium bicarbonate is more soluble 
than sodium bicarbonate. However, it can be prepared by 
Le-Blanc process. KCl is first converted into K2SO4. Potassium 
sulphate (K2SO4) is then heated with CaC03 and carbon. 

KCl + H2SO4-> KHSO4 + HCl 

KHSO4 + KQ-> K2SO4 + HCl 

K2SO4 + CaCOa + 2 C-> K2CO3 + CaS + 2CO2 

It is a white powder, deliquescent in nature. It is highly 
soluble in water. 

Uses : It is used in the manufacture of hard glass. The 
mixture of K2CO3 and lSfa2C03 is used as a fusion mixture 
in laboratory. 

Example 3. Explain the following: 

{a) Sodium carbonate is made by Solvay process but the 
same process is not extended to the manufacture of potassium 
carbonate. 

(b) On exposure to air, sodium hydroxide becomes liquid 
and after sometimes it changes to white powder. 

(c) Alkali metals are obtained by the electrolysis of the 
molten salts and not by the electrolysis of their aqueous solutions. 


(d) Calcium chloride is added to NaCl in the electrolytic 
manufacture of sodium. 

(e) An aqueous solution of iodine becomes colourless on 
adding excess of sodium hydroxide solution. 

Solution: 

(a) KHCO3, the intermediate, is very soluble in water and 
cannot be obtained in solid state as NaHCOa is formed in 
Na2C03 manufacture. 

(b) Sodium hydroxide continuously absorbs carbon dioxide 
and moisture of atmosphere and is converted into sodium 
carbonate solution. 

A stage reaches when the solution becomes saturated and 
the crystals are formed. These crystals, with the passage of 
time, lose water of crystallisation (efflorescence) and crumble 
to white powder. 

(c) The solutions of alkali metal salts contain metal cations, 
H"^, OH" and the anions. The discharge potential of H'*' ions is 
lower than the metal cations and thus, on electrolysis of solutions 
of alkali metal salts, hydrogen is discharged at cathode rather 
than the metal. 

However, on electrolysis of molten salt, the metal cation 
only present gets discharged at cathode. 

(d) Pure sodium chloride melts at about 800 °C. At this 
temperature both sodium and chlorine (products of electrolysis) 
are corrosive in nature. Sodium also forms a metallic fog at 
this temperature. To remove these difficulties, the fusion 
temperature is reduced to 600 °C by adding CaCl2. 

(e) Iodine reacts with NaOH forming colourless compounds. 
Thus, the colour of iodine disappears on addition of NaOH. 

2 NaOH + l2-> Nal + NalQ + H2O 

Colourless products 

Example 4 How would you prepare the following? 

(a) Sodium thiosulphate from sodium carbonate. 

{b) Microcosmic salt from disodium hydrogen phosphate. 

(c) Sodium carbonate from sodium chloride, 

(d) Sodium thiosulphate from sodium sulphite, 

(e) Sodium cyanide from metallic sodium. 

Solution: 

(a) Sodium carbonate is first converted into sodium sulphite 
by passing sulphur dioxide. 

NaaCOa + SO2-> NaaSOa + CO2 

The solution of Na2S03 is then boiled with sulphur for two 
hours. 

Na 2 S 03 + S-> Na 2 S 203 

(b) It is prepared by dissolving NH4CI in disodium hydrogen 
phosphate in molecular proportion in hot water. 

NH4CI + Na2HP04-> NaNH4HP04 + NaCl 

(c) The conversion is made by Solvay process. 

CO2 + NH3 + H2O-> NH4HCO3 

NH4HCO3 + NaCl-^ NaHC03 + NH4CI 

2NaHC03-> Na2C03 + H2O + CO2 
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(d) The solution of sodium sulphite is boiled with sulphur 
in an iron retort for two hours. 

Na2S03 + S —^ NaaSaOs 

‘ (e) Sodium is first converted into sodamide by passing dry 
ammonia gas oyer heated sodium. 

2 Na + 2NH3-> 2NaNH2 + H2 T 

The liquid sodamide is then dropped over red hot charcoal. 

2NaNH2_+ C-> NajCNa + 2 H 2 

Sod. cyanamide 

NaaCNa + C-> 2 NaCN 

Example 5 , *A' is a binary compound of a univalent metal. 
1.422 g of A' reacts completely with 0.321 g of sulphur in an 
evacuated and sealed tube to give 1.743 g of a white crystalline 
solid that forms a hydrated double salt with Al2iSOf)'^. 

Identify A\ W and [U.T 1994 ] 

Solution: 

Since ‘B’ forms a hydrated double salt with Al2(S04)3. 'B' 
should be a sulphate of a monovalent metal, Le., M2SO4. As 
the sulphate (M2SO4) consists one sulphur atom per molecule, 
its molecular mass can be determined from the given data. 
0.321 g of sulphur is present in 1.743 g of sulphate 

1743 

32.1 g of sulphur is present in =^2^ x 32.1 = 174.3 g 

Thus, the molecular mass of the sulphate is 174 . 3 . Let the 
atomic mass of the metal be x. 

So 2 X + 32.1 + 64 = 174.3 

2 x = 174.3 - 96.1 = 78.2 
;c = 39.1 

Thus, is K2SO4 and ‘C is K2S04*Al2(S04)3*24H20 

2 [Oxide] + S-^ K2SO4 

Thus, the oxide is KO2 (potassium superoxide). 

The given data supports that A’ is KO2. 

Example 6. (i) An inorganic compound (A) is formed on 

passing a gas (B) through a concentrated liquor containing 
sodium sulphide and sodium sulphite. 

(ii) On adding (A) into dilute solution of silver rjdtrate, a 
white precipitate appears which quickly changes into a black 
coloured compound (C). 

(Hi) On adding two or three drops of ferric chloride into the 
excess of solution of (A), a violet coloured compound (D) is 
formed. This colour disappears quickly. 

(iv) On adding a solution of (A) into the solution of cupric 
chloride, a white precipitate is first formed which dissolves on 
adding excess of (A) forming a compound (E), 

Identify (A) to (E) and give the chemical equations for the 
reactions at steps (i) to (iv). [Roorkee* 1996 ] 

Solution: 

The reactions indicate that the compound (A) is sodium 
thiosulphate. It is formed in step (i) by passing gas (B) which 
is either I2 or SO2. 


(i) Na2S + Na2S03 + I2-^ N^2^203 2 NaI 

(B) (A) 

or 2Na2S + Na2S03 + 3S02-^ 3Na2S203 

(ii) 2AgN03 + Na2S203-^ Ag2S203 + 2NaN03 

(White ppt.) 

Ag2S203 + H2O- > Ag2S + H2SO4 

(Q Black ppt. 

(iii) 2FeGl3 + 3Na2S203-> Fe2(S203)3 + 6NaCl 

(D) Violet ppt. 

Fe2(S203)3 + Na2S203- > 2Fe(S203) + Na2S406 

\ Colourless 

(iv) CuCl2 + Na2S203-> CUS2O3 + 2 NaCl 

2CUS2O3 + Na2S203-> CU2S2O3 + Na2S406 

(White ppt.) 

3CU2S2O3 + 2Na2S203 ^ Na4[Cu6(S203)5] 

(E) Soluble complex 

Example 7, A white solid is either Na 20 or Na202* A 
piece of red litmus paper turns white when it is dipped into a 
freshly made aqueous solution of the white solid. ^ 

(i) Identify the substance and explain with balanced equation. 

(ii) Explain what would happen to the red litmus if the 

white solid were the other compound. [IXX 1999] 

Solution: 

(i) A piece of red litmus turns white when dipped into 
aqueous solution of white solid indicates that the solution has 
bleaching action on litmus. This is due to the presence of 
hydrogen peroxide in solution which is formed by action of 
water on sodium peroxide. Thus, the white solid is Na202. 

Na202 + 2H2O-> 2 NaOH + H2O2 

(ii) The other compound is Na20 which gives NaOH (sodium 
hydroxide) with water. 

Na20 + H2O-> 2 NaOH 

The solution, thus, turns red litmus to blue. 

Example 8. The Solvay process can be represented by the 
following scheme: 



Identify A, C, D and E. [IXT. 1999 ] 

Solution: 

(A):Ca(OH)2 

CaO + H2O-> Ca(OH)2 

(A) 
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(B) : NH4HCO3 

NH3 + H2O + CO2-> NH4HCO3 

(B) 


(C):Na2C03 

2NaHC03-^ Na2C03 + H2O + CO2 

(C) 


(D) : NH4CI 

NH4HCO3 + NaCl-^ NaHC03 + NH4CI 

iD) 


(E) : CaCl2 

2NH4CI + Ca(OH)2-^ 2NH3 + 2H2O + CaCl2 

(^) 

^JBlxample 9 , (a) Sodium fire in the laboratory should hot 
be extinguished by pouring water. Why? 

(b) Alkali metals are paramagnetic but their salts are 
diamagnetic. Explain. 

(c) Why superoxides of alkali metals are paramagnetic while 
normal oxides are diamagnetic? 

Solution ; 

(a) Sodium being highly electropositive element reacts 
vigorously with water evolving hydrogen which also catches 
fire. As a result, the fire spreads. Therefore, water should not 
be used to extinguish sodium fire. 

(b) Alkali metals possess ns^ configuration, i.e., one unpaired 
electron is present and hence are paramagnetic. Alkali metals 
when form salts, the unpaired electron is transferred to the 
non-metallic atom forming anion. In salts, both cations and 
anions have paired electrons and hence, alkali metal salts are 
diamagnetic in nature. 


(c) Superoxides contain the ion, O2 which has the following 
structure: 

• • • • 

:o—o: 

It has a three electron bond, i.e., one unpaired electron is 
present and hence, is paramagnetic. Normal oxides contain the 
ion, which does not has unpaired electron and thus, are 
diamagnetic in nature. 

Example^sli). Comment on each of the following obser¬ 
vations: 

(a) Lithium is the only alkali metal which forms nitride 
directly. 

{b) LiF is almost insoluble in water while LiCl is soluble in 
water as well as in acetone. 

(c) The mobilities of alkali metal ions in aqueous solutions 
are: 

Li'^<Na-<K^<Rb'^ —- 

Solution: 

(a) As it shows diagonal relationship with magnesium, it 
directly combines with nitrogen like magnesium and forms 
nitride. 

6Li + N2-> 2 Li 3 N 

(b) Lattice energy of LiF is very large as. both Li"^ and 
ions are small in size. Hence, LiF is almost insoluble in water. 
LiCl is partially covalent in nature due to polarisation of chloride 
ion by Li'''. Thus, it is soluble in water as well as in acetone. 

(c) The degree of hydration is more for smaller ions. Thus, 
the mass of the hydrated ions follows the following order, 

[U{aqT > imaq)]^ > [K(aq)f > [Rb(a^)]r 

Therefore, the ionic mobility follows the following order: 

[U(aq)r < [maq)r < [Kiaq)^ < [Rh(aq)t 


□ SUMMARY AND IMPORTANT POINTS TO REMEMBER 



1 , The group 1 or lA of the periodic table consists of six ele- 
ments-lithium, sodium, potassium, mbidium, caesium and 
francium besides hydrogen. These elements are called alkali 
metals as the hydroxides of these elements are soluble in 
water and these solutions are highly alkaline in nature. Alkali 
is an Arabic word ‘Alquili’ meaning the ashes of plants from 
which compounds of sodium ^d potassium were first 
isolated. 

2. The alkali metals are ^■-block elements as the last electron 
enters n^'-orbital. They have [noble gas] ns^ electronic 
configuration. The first member lithium, shows somewhat 
abnormal properties th^n rest of the members of the group 
as the penultimate shell in Li has two electrons while in rest 
of the alkali elements eight electrons are present in the 
penultimate shell. 


3 , The alkali metals, being reactive in nature, are never found 
free in nature but always found in combined state. Sodium 
and potassium are found in abundance as they are seventh 
and eighth most abundant elements by mass in earth’s crust. 
The last member, francium, is radioactive and occurs only in 
tracer as its half-life is very small, i.e., 21 minutes. 

4, Except first period, rest of the six periods of the periodic table 
start with a member of alkali group. It is a most homogeneous 
group. The members of this group show a marked resemblance 
in their properties. There is a gradual gradation in the 
properties with the increase of atomic number. 

5, Physical properties 

(a) Alkah metals are soft with low melting and boiling points. 
This is due to weak intermetallic bonding. All are light 
metals having low densities. Densities increase from f 
to Cs with exception of K. 
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(b) Alkali metals have the largest size in their respective 
periods. Atomic as well as ionic size increases as the at. 
no. increases from Li to Cs, At volume also increases as 
the atomic number increases. 

(c) The ionisation energy decreases from Li to Cs as their 
size increases. They are highly electropositive, metallic 
in nature and reactivity increases from Li to Cs. All except 
lithium show photoelectric effect. 

(d) All alkali metals are paramagnetic but their salts are 
diam^etic in nature. The alkali metals show only one 
oxidation state, Le., +1 in their compounds. 

(e) Alkali metals and their compounds impart characteristic 
colour to flame, 

Li Na K Rb Cs 

Crimson red Golden yellow Pale violet Reddish violet Sky blue 

(f) The salts of alkali metals are ionic and soluble in water. 
The solubility is due to hydration of M'^ ions. Smaller 
die ion, the greater is die degree of hydration. The degree 
of hydration decreases from Li*^ to Cs”^, Consequendy, 
the. radii of-the hydrated ion decreases from Li"^ to Cs"*". 

(g) Due to large negative electrc^e potentials, alkali metals 
are strong reducing agents. The reducing nature 
increases from Na to Cs but Li is the strongest reducing 
agent as its reduction potential is highest, ie, - 3 . 05 . This 
is due to large heat of hydration of Li"^ ion. 

(h) The alkali metals are good conductors of heat and 
electricity. 

6. Cheini^ properties 

The alkali metals are highly reactive elements. The reactivity 
is due to : 

(i) low value of ionisation energy 
(ii) low heat of atomisation. 

The reactivity mcreases from Li to Cs. The compounds of 
alkali metals are electmvalent, colourless and soluble in water. 
These are crystalline solids. Lithium compounds show some 
abnormal properties due to polarisation on account of small 
size of Li"^ ion and high lattice energies. 

(a) On exposure to moist air, all alk^ metals except lithium 
tarnish quickly. These are, therefore, always kept in 
kerosene to protect them from air. 

(b) Alkali metis decompose water with evolution of 
hydrogen. The reactivity towards water increases from 
Li to Cs. The decomposition is highly exothermic and the 
evolved hydrogen sometimes catches fire. 

(c) Alkali metals combine directly with hydrogen to form. 
crystalline solids of formula MH. The hydrides react with 
water liberating hydrogen. 

(d) Affinity towards oxygen increases when heated in atmos¬ 
phere of oxygen, the alkali metals ignite and form oxides. 


M 20 - 

-2.^ 

^ MO 2 

Normal 

oxide 

Peroxide 

. Superoxide 

(Li20) 

(Na202) 

(K02JRb02,Cs02) 

0-" 

[-0-0-]^ 


• • •« 

;o ’ • • 0 : 

Oxide ion 

Peroxide ion 


Superoxide ion 
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The peroxides and superoxides become more stable with 
increase in atomic number of the alkali metal. The basic 
nature of the normal oxides increases gradually as the 
atomic number incieases. The hydroxides (MOH) are 
thermally stable except LiOH. The relative strength of the 
hydroxides increases from LiOH to CsOH. 

Li20 < Na20 < K 2 O < Rb20 < CS 2 O 
LiOH < NaOH < KOH < RbOH < CsOH 

Basic nature increases -> 

The higher oxides, peroxides and superoxides are strong 
oxidising agents. They react with water and dilute acids 
forming H2O2 and O2, 

(e) The alkali metals directly react with halogens forming 
halides (MX), With the exception of lithium halides, the 
alkali metal halides are ionic compounds. They are 
crystalline and have high melting and boiling points. The 
fused halides are good conductors of electricity. 

Alkali metal halides are colourless but on heating they 
turn yellow, bhie, etc., due to crystal defects. Except LiF, 
all halides are soluble in water. The insolubility of LiFTs^ 
due to high lattice energy. Halides of K, Rb and Cs have 

. a property of combining with extra halogen atoms forming 
polyhalides, 

(f) Alkali metals directly combine with P and S when heated 
with them. Alkali metals, except lithium, do not combine 
directly with nitrogen. 

(g) All the alkali metals form carbonates of type M2CO3. 
Carbonates are stable towards heat and readily soluble 
in water. Li2C03 is m exception. 

The aqueous solutions of carbonates are alkaline due to 
hydrolysis. 

Tlie bicarbonates (MHCO3) with the exception of 
LiHC03, are known in solid state. 

They are soluble in water and decompose on heating into 
corresponding carbonate with evolution of CO2. 

(h) Nitrates of the type, MNO3, are known. These are colour¬ 
less, soluble in water and electrovalent in nature. With 
the exception of LiN03, the other nitrates decompose to 
nitrites and oxygen on heating. LiN03 decomposes to 
oxide with evolution of NO2 and O2. 

(i) Sulphates of the type M2SO4 are known with the 
exception of Li2S04, other sulphates are soluble in water. 
Sulphates are reduced to cormsponding sulphides when 
fused with carbon. Sulphates of alkali metals form double 
salts with the sulphates of trivalent metals like Fe, M, Cr, 
etc. 

(j) The alkali metals dissolve in liquid ammonia without 
evolution of hydrogen. The colour of dilute solutions is 
blue. On heating colour changes to bronze. The colour 
is due to ammoniated electron. 

M + (x + y) NH3-^ [M(NH3)+ e(m3)y 

These solutions are good conductors of electricity and 
have strong reducing properties. The solutions are 
paramagnetic in nature. 

When dry ammonia is passed over hot metal, amides are 
formed. 

7 . The alkali metals form alloys amongst themselves and with 

other metals. These combine with mercury and form amalgams. 
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8 . Alkali metals have a very little tendency to form complexes. 
Lithium being small in size forms certain complexes but this 
tendency decreases as the size increases. 

9. Alkali metals cannot be extracted by application of common 
processes used for the extraction of meMs due to following 
reasons : 

(i) Cannot be extracted by the reduction of their oxides and 
other compounds as being strong reducing agents. 

0 i) Cannot be extracted by displacing them from their salt 
solutions by any other element as they are highly 
electropositive. 

(iii) Cannot be extracted by electrolysis of the aqueous 
solutions of their salts as hydrogen is discharged at 
cathode instead of alkali metal. 

The only successful method, therefore, is the electrolysis 
of their fused salts usually chlorides. Generally, another 
' metal chloride is added to lower its fusion temperature. 

10. Lithium shows abnormal properties due to itesm^ size {atom 
and ion). Lithium ion on account of its small size exerts polaris¬ 
ing effect on negative ions. Consequently, covalent character 
is developed in Li-salts. Li has highest ionisation energy and 
electronegativity as compared to other alkali metals. 

(i) LiCl is more covalent than NaCl, LiCl is soluble in 
alcohol, pyridine, etc. Its melting point is lower than that 
ofNaCl. 

(ii) LiOH, Li2C03, LiN03 behave differently than other 
alkali corresponding salts towards heating. 
2 Li 0 H-*^Li 20 + H 20 ; Li2C03—»Li20 + C 02 ; 

4LiN03 —^ 2Li20 + 4N02 + O 2 
Hydroxides and carbonates of other alkali metals are 
stable. The nitrates of other alkali metals decompose 
giving only oxygen. 

(iii) Lithium directly combines with nitrogen. 

. 6 Li + N 2 -> 2 Li 3 N 

(iv) LiHC03 is known only in solution but not in solid state. 

(v) Li2S04 does not form double sulphates. 

(vi) LiF, Li3P04, Li2C204, Li2C03 are sparingly soluble in 
water. 

(vii) LiOH is weaker base in comparison to NaOH or KOH. 
(viii) Although Li has the highest ionisation potential, yet it 

is strongest reducing agent because of its large heat of 
hydration. 

IL Lithium shows resemblance with magnesium, an element of 
group n A. This resemblance is termed diagonal relationship. 
The reasons for this resemblance are : (i) nearly same 
electronegativity (ii) not much difference in atomic size and 
ionic size (iii) nearly same atomic volumes (iv) nearly saine 
polarising power. 

12. Important minerals of sodium are: (i) chile saltpetre (NaNOa) 
(ii) Glauber’s salt (Na 2 SO 4 - 10 H 2 O) (iii) trona {Na2C03‘ 
2NaHC03-3H20) (iv) natron {Na2C03-H20) (v) tincal 
or borax (Na2B4O7-10H2O) (vi) cryolite (Na3AlF6) 
(vii) soda felspar (NaAlSi30g) (viii) common salt or rock salt 
or sea salt (NaCl). 

13. Sodium is obtained on large scale by two processes. 

(a) Cashier’s process : Electrolysis of fused scxiium 
hydroxide is carried at 33 (fC using iron as cathode and 
nickel as anode. Hydrogen is discharged at cathode also. 


(b) Down’s process : Now-a-days, this process is applied. 

It involves electrolysis of fused NaCl to which CaCl2 and 

KF have been added to reduce the melting point of NaCl. 

Iron is u^ as cathode and graphite as anode. 

, The electrolysis is carried at 6 (KfC. Chlorine is discharged at 
anode. 

14. Sodium is used in the manufacture of chemicals like Na202 
(oxone), sodamide, sodium cyanide, etc. It is used for making 
lead tetraethyl employed as antiknock in petrol. In molten 
state, it is used in nuclear reactors as heat transfer medium. 
For extraction of C, Be, Mg, Si, etc., in sodium lamps and as 
a laboratory reagent, sodium metal is also used. 

15. The main source of NaO is sea water which contains 
2 . 7 “ 2.9 % of the salt. Table salt becomes wet in rainy season 
due to presence of impurities of MgCl2 and CaCl2. 

16. Sodium carbonate (washing soda), Na2CO3T0H2O, is 
generally prepared by a process called ammonia-soda 
process or Solvay process. The raw materials are NaCl, NH3 
and limestone. 

NH3+H2O + CO2->NH4HC03 — 

NaCl+NH4HCO3-> NaHC03 + NH4CI 

2 NaHCC^-> Na2C03 + H2O 4 - CO2 

Solv^process cannot be employed for the manufacture of 
K2CO3 because KHCO3 is fairly soluble in water. 

A mixture of NaHC03 and potassium hydrogen tartrate is 
called baking powder while sodium bicarbonate alone is called 
baking soda. 

A mixture of Na2C03 and K2CO3 is called fusion rhixture. 
Anhydrous Na2C03 is called soda ash and obtained by 
heating Na2CO3*10H2O above 100 °C, Sodium carbonate is 
used in laundries and in softening of water. It is used in the 
manufacture of glass, sodium silicate, borax, paper, soap 
powders, caustic soda, etc, 

NaHC03 is used for making baking powder, in making 
effervescent drinks, in fire extinguishers and as a medicine. 

17. Sodium hydroxide (caustic soda) is manufactured on a very 
large scale by the following processes : . 

(i) Gos^e process : S^ium carbonate reacts^ with 
suspension of time (milk of lime or calcium hydroxide). 

Na2C03 + Ca(OH)2-> 2 NaOH + CaCOs 

Calcium carbonate being insoluble separates out and 
the solution on evaporation gives flakes of caustic 
soda. 

, (ii) Lowe’s process : A mixture of sodium carbonate and 
ferric oxide is heated to redness. Sodium ferrite is 
formed. The cooled sodium ferrite is thrown into hot 
water when hydrolysis occurs forming a solution of 
NaOH and insoluble ferric oxide. 

Na2C03+Fe203-> 2NaFe02 •+' CO2 

2NaFe02 + H2O-> 2 NaOH + Fe203 

(iii) Electrolytic process : The electrolysis of sodium 
chloride is carried out in an electrolytic cell. The 
following electrolytic cells are used: 

(a) Nelson cell; It consists a perforated steel tube lined 
inside with asbestos. The tul^ acts as a cathode. A graphite 
rod dipped in sodium chloride solution serves as anode. 

(b) Casbw-Kdiner cell : This is a common cell in which 
mercury is used as cathode. The cell consists of a large 
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rectangular trough divided into three compartments by slate 
partitions. The mercury can flow from one compartment to 
other but the solution kept in one compartment cannot flow 
into other. Sodium chloride solution is kept in two outer 
compartments and a dilute solution of NaOH .in the inner 
compartment. Two graphite electrodes which act as anodes 
are fitted in outer compartments and a seiies of iron rods 
fitted in the inner compartment act as cathode. Mercury in 
the outer compartments acts as cathode while in the inner 
compartment it acts as an anode by induction. The cell is 
kept rocking with the help of an eccentric wheel. Sodium 
discharged at the Hg cathode in the outer compartments forms 
amalgam which comes into the inner compartment due to 
rocking. Here, NaOH is formed. 

(c) Kellner-Solvay cell : This is the modified cell having 
no compartments. Flowing Hg acts as cathode and a number 
of graphite rods act m anode in sodium chloride solution. 
The scdium amalgam flows out of cell and treated with water 
to form NaOH. 

Commercial NaOH is purified with the help of alcohol. The 
alcoholic filtrate is distilled to get pure NaOH. 

18* NaOH is a white crystalline solid. It has a soapy touch. It is 
highly deliquescent. It is highly soluble in water. It is a strong 
alkali. It cannot be kept in atmosphere as it absorbs moisture 
and CO2. It reacts with acids, acidic oxides and amphoteric 
oxides to form salts. It attacks non-metals like S, P, Si, B, 
halogens, etc. Metals like Zn, Al, Sn, Pb react with NaOH 
evolving H2. A number of metallic salts react with NaOH to 
form corresponding hydroxides. Ammonium salts evolve 
ammonia with NaOH. * NaOH combines with CO under 
pressure to form sodium formate. 

19 , NaOH is used as a laboratory reagent, in manufacture of soap, 
in manufacture of paper and rayon, dyes and drugs. It is an 
absorber of g^es. It is used in petroleum refining and for 
the manufacture of vmous useful sodium compounds. 

20, Sodium peroxide (oxone), Na202, is formed by heating sodium 
at about 350 °C in excess of air free ft'om moisture. It is a pale 
yellow powder. It is used as an oxidising agent, for purification 
of air, for production of oxygen under the name oxone and 
for the preparation of H2O2 and benzoyl peroxide. 

21, Potassium is not found in the native state. In combined state 
it is widely distributed in nature. All plants contain com 
siderable amount of pot^sium compounds. Its compounds 


occur as salt beds in rocks and in sea water. The important 
minerals of potassium are : 

Camallite (KCl*MgCl2*6H20), Indian saltpetre (KNO3), 
feldspar (K20-Al203-6Si02), sylvine (KCl), polyhalite (K2S04» 
MgS04* CaS04* 6H2O), etc. 

22, Potassium can^be prepared by electrolysis of fused mixture 
of KCl and CaCl2. It is manufactured by reducing fluoride with 
calcium carbide at lO(KfC. 

2 KF + CaC2-> 2 K + CaF2 + 2 C 

Potassium is used in photoelectric cells. An alloy of potassium 
and sodium is used in special thermometers employed for 
measuring high temperatures. 

23, Three oxides of potassium are known : (i) ix)tassium 
monoxide, K2O (ii) potassium dioxide, KO2 (iii) potassium 
sesquioxide, K2O3. 

KO2 is prepared by burning {X)tassium in excess of oxygen 
free from moisture. It is a chrome yellow powder. It dissolves 
in water giving H2O2 and O2, It is used as an oxidising agent, 
as air purifier in space capsules, submarines and breathing 
masks as it produces oxygen and removes C02.“ — 

KO2 has bond order 1.5 and possesses paramagnetic nature 
due to the presence of one unpaired electron. 

24, K2CO3 is called potash or pearl ash. It is prepared by 
Le-Blanc process, 

KCl-> K2SO4 ) K2CO3 

it is used in the manufacture of hard glass. 

KHCO3 resembles NaHC03 in all respects except that it is 
more soluble in water. It is used in medicine and in baking 
powders. 

25, Caustic potash, KOH, is manufactured like NaOH, Le., by 
electrolysis of KCl. It is used for making soft soaps. 

26, Although both NaCN and KCN are poisonous but KCN is 
more poisonous than NaCN, 

27, Na2S04- IOH2O is called Glauber*s salt, anhydrous Na2S04 is 
called salt cake, NaHS04 is called nitre cake. 

28, Sodium thiosulphate, Na2S203, is used as antichlor in 
bleaching. 

29, Electric eye used in television a)ntains an alloy of caesium 
and silver. 

30, All alkali metal azides are thermally unstable and liberate 
nitrogen and metal on heating. Lithium azide (LiN3) is an 
exception. It forms stable nitride on heating. 

3LiN3 —y3N + 4 N 2 



PRACTICE PROBLEMS 
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■ Subjective Type Questions 

1. Answer the foUowing: 

(a) Why does table salt get wet in rainy season? 

(b) Which out of sodium or potassium has higher boiling 
point? 

j{c) Why caesium is used in photoelectric cell while lithium 
cannot be? 

(d) What makes lithium to show properties different than other 
alkali metals? 


2, Give reasons: 

(a) LiCl is soluble in alcohol 

(b) MgCl2 is more covalent than NaQ. 

(c) LiBr has lower melting point than LiF. 

3, Answer the foUowing: 

(a) Name the alkali metals which form superoxides when 
heated in excess of air. 

(b) Which one is soluble in water? 

UF a* KF 
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(c) Which one is soluble in NaOH? 

A1(0H)3 or Fe(OH)3 

(d) Which alkali metal is radioactive in nature? 

(e) Name the alkali metal which shows diagonal relationship? 

(f) Which alkali metal is strongest reducing agent in aqueous 
solution. 

4. Answer the following: 

(a) Which is the most abundant alkali metal in the earth’s 
crust? 

(b) Which sodium salt is found in plenty in sea water? 

(c) Name one silicate and one phosphate ore of lithium. 

(d) Write the fonnulae of: 

(i) Caustic potash (ii) Soda ash (iii) Chile saltpetre 

(e) Which compound of sodium is used for making baking 
powder? 

5. Answer the following : 

(i) What is meant by black ash? 

(ii) What is the action of NaOH on ammonium salts? 

(iii) Which electrolyte is used to obtuin sodium in Castner’s 
process? 

(iv) What is washing soda? 

(v) Which electrolyte is used in Nelson’s cell? 

(vi) What is the intermediate product in Solvay’s process? 

(vii) Most abundant alkali metal in the earth’s crust is : 
(viii) Which chloride of an alkali metal is soluble in alcohol? 

(ix) Which substance is added to sodium chloride as to 
reduce its fusion temperature during manufacture of 
sodium? 

(x) What product is formed when carbon monoxide is 
passed through sodium hydroxide under high pressure? 

6 ; What happens when following are heated? 

(i) Potassium nitrate (ii) Sodium carbonate 

(iii) Micxocosmic salt (iv) Sodium bicarbonate 

(v) Lithium hydroxide (vi) Lithium nitrate 

(vii) Lithium carbonate (viii) Sodium thiosulphate 

What happens when? 

(a) Hot and concentrated caustic soda solution reacts with 
iodine. 

(b) White phosphorus is heated with caustic soda. 

(c) Sodium thiosulphate is added to silver nitrate solution. 

(d) Iodine is reacted with hypo solution. 

(e) Excess of caustic soda reacts with zinc sulphate solution. 

(f) Excess of NaOH is added to AICI3 solution. 

(g) Anhydrous potassium nitrate is heated with excess of 

metallic potassium. [LLT. 1992 ] 

(h) Copper sulphate reacts with potassium iodide. 

(i) Copper sulphate is treated with hypo. 

(j) Sodium is strongly heated in oxygen and the product is 
teated with H2SO4. 

8* Complete and balance the following equations : 


0 ) 

KO2 + H2O -> . . . 

...+02 

(ii) 

NaNH2 + C->... 

...+H2 

(iii) 

PbOz + NaOH — U 

. +H20 


(Cone.) 



(iv) KI + H2SO4 + H2O2-^ I2 + “ • ‘ • + H2O 

(v) NaOH +12-> NalOs + H2O 


9. Write the balanced equations of the reactions of: 

(a) Caustic soda on the following : 

(i) zinc, (ii) silver nitrate, (iii) phosphorus, 

(iv) arsenious oxide 

(b) Hypo on the following : 

(i) FeQs, (ii) AgCl, (iii) CUSO4, (iv) I2 
10 , Explain the following: 

(i) Sodium is less reactive than potassium. 

[Hint : Ionisation potential of potassium is less than 
sodium, i>., the tendency to lose valency electron 
is more in potassium than sodium.] 

(ii) Alkali metals are paramagnetic but their salts are 
diamagnetic. 

[Hint ; In metals, the outermost energy shell is singly 
occupied but in cations, all the orbitals are doubly 
occupied (inert gas configuration).] 

(iii) Sodium salts in aqueous solutions are. either neutral or- 
alkaline in nature. 

[Hint : The anions in sodium salts are either from strong 
acids or weak acids. When anions from suong acids, 
there is no hydrolysis and aqueous solutions are 
neutral (NaCl solo.). On the other hand when anions 
from weak acids, there is hydrolysis of anions and 
the solutions are alkaline in nature (Na2C03 soln.). 

COf + H2O ^ HCO5 + OH- 
HCO5 + H2O ^ H2CO3 + OH"] 

(iv) Standard solution of NaOH cannot be prepared by 
direct weighing. 

[Hint : NaOH is affected by atmosphere. It absorbs 
moisture and CO2 from atmosphere. Thus, accurate 
weighing of NaOH is not possible,] 

(v) Commercial common salt becomes slightly damp on 
keeping. 

[Hint ; Pure NaCl is not hygroscopic, the commercial 
common salt consists small amounts of magnesium 
chloride and calcium chloride which absorb moisture 
from atmosphere making it damp.] 

(vi) Sodium metal can be used for drying diethyl ether but 
not ethanol. 

[Hint : Sodium metal reacts with ethanol, 

2C2H5OH + 2 Na-> 2C2H50Na + H2 

and thus cannot be used for its drying.] 

(vii) A sodium fire in laboratory is not extinguished by 
water. 

[Hint i Sodium reacts with water to produce hydrogen 
which is also inflammable. Pyrene (CCI4) can be 
used for this purpose.] 

(viii) The hydroxides of aluminium and iron are insoluble in 
water but NaOH is used to ^parate one from the 
other. . nXT.I 99 I] 

[Hint : Al(OH)3 dissolves in excess of NaOH forming a 
soluble compound, sodium meta aluminate. 

A1(0H)3 + NaOH-^ NaA102 +.2H2O] 

Qx) The inside surface of ai glass bottle containing caustic 
soda becomes dull. 
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[Hint : Silica is present in glass. It dissolves in NaOH 
slowly and forms soluble sodium silicate and thus 
inside surface becomes dull.] 

(x) Amongst LiF and Lil which has more covalent 
character and why? 

[Ifint : Lil is more covalent. According to Fajan’s rule, Lrf 
will be able to polarise the bigger ion, I", more than 
the smaller ion, F“. More polarisation brings more 
covalent character.] 

11. Give one test each to make distinction between the following 

pairs: ' 

(i) NH4CI and KCl (ii) Na2S03 and Na2S04 

(iii) Na2S03 and Na2S203 (iv) KNO3 and KI 
(v) Na2S03 and Na2C03 (vi) NaCl and KCl 

12. Arrange the following as specified : 

(i) MgO, SrO, K2O, NiO and CS2O (increasing order of 

basic character) [I.LT. 1991] 

(ii) LiCl, LiBr and Lil (decreasing order of covalent 
character) 

(m) KCl, KBr and KI (decreasing solubility in water) 

(iv) NaHCOs, KHCO3, Mg(HC03)2 and Ca(HC03)2 
(increasing solubility) 

(v) LiF, NaF, KF, RbF and CsF (in order of increasing lattice 
energy) 

(vi) Li, Na and K (in order of decreasing reducing nature in 
solution) 

13. Identify (A), (B), (Q and (D) and give their chemical formulae. 

[Roorkee 1986] 

Heat 

(A) + NaOH-> NaCl + NHs + H2O 

NH3 + CO2 + H2O- >(B) 

(B) + NaCl-> (Q + NH4CI 

(O—4Na2C03-fH20 + (D) 

14. From the reactions given below, identify (A), (B), (Q and (D) 
and give their formulae. 

^ ('^)gas 

(A)(a9.) + (C)-^PH3 
+ NH4CI-> (£*)gas 

15. A certain compound (X) imparts a golden yellow flame and 
shows the following reactions : 

(i) Zinc powder when boiled with a concentmted solution 
of (X) dissolves and hydrogen is evolved. 

(ii) When an aqueous solution of (X) is added to an 
aqueous solution of stannous chloride, a white 
precipitate is obtained fii^t which dissolves in excess 
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(ii) On addition of Ag"^ ion solution, a yellow curdy 
precipitate is obtained which is insoluble in ammonium 
hydroxide. 

Identify (X) and give equations for the reactions at steps (i) 
and (ii). [Roorkee 1991 ] 

17. An unknown inorganic compound (X) loses its water of 
crystallization on heating and its aqueous solution gives the 
following reactions: 

(a) It gives a white turbidity with dilute HCl solution. 

(b) It decolourises a solution of iodine in potassium iodide. 

(c) It gives a white precipitate with silver nitrate elution 
which turns black on standing. 

Identify the compound (X) and give chemical equations for 
the reactions at steps (a), (b) and (c). 

18. When 20.02 g of a white solid X is heated, 4.4 g of an acid 
gas (A) and 1.8 g of a neutral gas (B) are evolved, leaving 
behind a solid residue (Y) of weight 13.8 g. (A) turns lime 
water milky and (B) condenses into liquid which changes 

- anhydrous copper sulphate blue. The aqueous solution-of 
(Y) is alkaline to litmus and gives 19.7 g white precipitate (Z) 
with barium chloride solution. (Z) gives carbon dioxide with 
an acid. Identify A, B, X, Y and Z. 

19 . When 16.78 g of a white solid X were heated, 4.4 g of acid 
gas A that turned lime water milky was driven off together 
with 1.8 g of a gas B which condensed to a colourless liquid. 
The solid that remained, F, dissolved in water to give an 
alkaline solution, which with excess of barium chloride solu¬ 
tion gave a white precipitate, Z. The precipitate effervesced 
with acid giving off carbon dioxide. Identify A, B and F and 
write down the equation for the thermal decomposition of X. 

20 . Gradual addition of potassium iodide solution to Bi(N03)3 
solution initially produces a dark brown precipitate which 
dissolves in excess of KI to give a clear yellow solution. Write 
the chemical equations for the above reactions. [LLT. 1996 ] 

■ Matching Type Questions 

Match the foUowii^: 

[A] 

(a) Chile saltpetre 

(b) Indian saltpetre 

(c) Germicide 

(d) Baking soda 

(e) Washing soda 

(f) Hypo " 

(g) Glauber’s salt 

(h) Microcosmic salt 


of solution of (X). 

Identify (X) and write equations for reactions at steps 
(i)and(ii). [Roorkee 1991 ] 

16 . A certain compound (X) is used in the laboratory for analysis, 
its aqueous solution gives the following reactions: 

(i) On addition to copper sulphate, a brown precipitate is 
obtained which turns white on addition of excess of 
Na2S203 solution. 


[B] 


(a) Castner’s process 

(b) Solvay process 

(c) Nelson's cell 

(d) Oxone 

(e) Pearl ash 
{{) Rock salt 
(g) Soda lime 
j(h) Sylvine 


(i) KQ 

(ii) Potassium carbonate 

(iii) Sodium chloride 

(iv) Mixture (NaOH + CaO) 

(v) Sodium 

(vi) Sodium peroxide 

(vii) Scxlium hydroxide 
(vili) Sodium carbonate 


(i) NaCN 

(ii) Na2CO3 l0H2O 

(iii) Na2SO4T0H2O 

(iv) Na2S203 

(V) NaNH4HP044H20 

(vi) KNO3 

(vii) NaHC03 
(viii) NaNOs 
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Answers : Subjective TVpe Questions 

1. (a) Table salt contains impurities such as Na2S04, CaS04, MgCl2 

and CaCl2. These being hygroscopic absorb moisture from 
atmosphere. As a result, table salt gets wet. 

(b) The melting point of sodium is higher as it has greater metallic 
bonding than potassium. 

(c) Caesium has low ionisation enthalpy in comparison to lithium. 
Caesium can lose electrons very easily. 

(d) Lithium shows different properties than other alkali metals 
due to following reasons: 

(i) small atomic and ionic size 

(ii) high ionisation potential 

(iii) high polarizing power 

2. (a) Li*^ ion, being small in size, has high polarising power and hence 

LiCl is a covalent compound and thus, it is soluble in alcohol 

(b) ion, on account of higher charge than Na^ ion, has greater 
polarising power. Hence, MgCl^ is more covalent than NaCl. 

(c) Br" ion, on account of bigger size than F" ion, is more 
polarisable than F“ ion. Hence, LiBr is more covalent than LiF 
and thus, it has lower melting point. 

3 . (a) K, Rb, Cs (b) KF (c) Al(OH)3 (d) Fr (e) Li (f) Li 

4 . (a) sodium (b) sodium chloride (c) Lepidolite (silicate ore), 

Triphylite (phosphate ore) (d) (i) KOH (ii) Na2C03 

(iii) NaN03 (e) NaHCOs 

5 . (i) Black ash is impure sodium carbonate produced in Le-Blanc 
method when salt cake is reduced by coke, (ii) Ammonia is 

liberated : NH4CI + NaOH-> NH3 + NaQ -f- H2O (iii) Fused 

sodium hydroxide, (iv) Sodium carbonate decahydrate. (v) Sodium 
chloride solution, (vi) Sodium bicarbonate, (vii) Sodium, 
(viii) Lithium chloride, (ix) Calcium chloride, (x) Sodium formate. 

6. (i) 2KNO3-> 2KNO2 + O2 

(ii) Water of crystallisation is lost and the substance becomes 
^ anhydrous, 

Na2CO3 l0H2O-> NaaCOs + iOH20 

(iii) NaNH4HP04-> NaP03 + NH3 + H2O 

Sodium meta¬ 
phosphate 

(iv) 2NaHC03-> Na2C03 + H2O + CO2 

(v) 2 LiOH-> U2O + H2O 

(vi) 2LiN03-> Li20 + 2NO2 + I O2 

(vii) Li2C03-> Li20 + CO2 

(viii) 4Na2S203 > 3Na2S04 + Na2S5 

7 . (a) 6 NaOH + 3I2-> SNal + NalOs + SHaO 

(b) P4 + 3 NaOH + 3H2O-> 3NaH2P02 + PH3 

(c) 2AgN03 +• Na2S203 -> Ag2S203 + 2NaN03 

Ag2S203 + H2O-> AgaS + H2SO4 

(d) l2 + 2Na2S203 -> 2 NaI + Na2S406 

(e) ' ZnS04 + 2 NaOH —4 Zn(OH)2 + Na2S04 

Zn(OH)2 + 2 NaOH-> NaaZnOa + 2H2O 

(f) AlQa + 3 NaOH-> Al(OH)3 + 3 NaCl 

A1(0H)3 + NaOH-> NaAlOa + 2H2O 

(g) 2KNO3 + iOK-^ 6K2O + N2 

(h) CUSO4 + 2 KI-> Cula + K2SO4 

2Cul2-^ + I2 


(i) CUSO4 + Na 2 S 203 -—^ CUS2O3 4 - Na 2 S 04 

2CUS2O3 -f Na2S203 -^ CU2S2O3 4 Na2S406 

3CU2S2O3 + 2Na2S203 -> Na 4 [Cu 5 (S 203 ) 5 ] 

(j) 2Na + O2 —» NaaOa 

NazOi + H2SO4-» Na 2 S 04 + H2O2 

8. (i) 4KO2 + 2H2O -^ 4KOH + 3O2 

Heat ^ 

• (ii). 2 NaNH 2 + C-> Na2CN2+ 2H2 t 

Na2CN2 + C-> 2 NaCN 

(iii) PbOa + 2 NaOH-> NaaPbOa + H2O 

(iv) 2 KI + H2SO4 + H2O2-^ h + K2SO4 + 2H2O 

(V) 6 NaOH 4 3I2 -> 5 NaI + NalOa + SHaO 

9. (a) See properti^ of NaOH, 

(b) See properties of sodium thiosulphate. 

11. (a) When heated with NaOH, NH4Q evolves ammonia gas. 

NH4CI + NaOH-^ NH3 + NaCl + H2O 

(b) On treatment with dil H2SO4, a pungent gas, SO2, is evolved 
which turns acidified K2Cr207 green. 

Na2S03 + H2SO4-> Na2S04 + H2O + SO2 

(c) On addition of AgNOa solution, sodium thiosulphate gives a 
white precipitate which turns black. 

2 AgN 03 4 NaaSaOa-> AgaSaOa 4 2 NaN 03 

AgaSaOa 4 H2O -> AgaS 4 H2SO4 

(d) On addition of AgNOa solution, KI gives a yellow precipitate 
ofAgl. 

2AgN03 4 2KI-> 2AgI 4 2KNO3 

(e) On addition of dil. HCi, NaaSOs gives pungent gas which turns 
acidified KaCraOa paper green. 

(f) Flame test. 

12. (i) NiO < MgO < SrO < K2O < CS2O 

(ii) Lil > LiBr > LiCl 

(iii) KI > KBr > KCl, lattice energy of KI is lower than the lattice 
energy of KQ, 

(iv) NaHCOs < KHCO3 < Mg(HC03)2 < Ca(HC03)2 

(v) CsF<RbF<KF<NaF<LiF 

(vi) Li > K >Na 

13. (A) NH4Q, ammonium chloride; (B) NH4HCO3, ammonium bicar¬ 
bonate; (C) NaHCOa, sodium bicarbonate; (D) CO2, carbon dioxide. 

14. (A) NaOH, sodium hydroxide; (B) Ha, hydrogen; (Q P4, phos¬ 
phorus; (D) NH3, ammonia. 

15. (X) = NaOH 

(i) Zn 4 2 NaOH-> NaaZnOa 4 Ha 

(ii) SnQa + 2 NaOH -—» Sn(OH)2 4 2 NaCl 

Sn(OH)2 4 2 NaOH-> NaaSnOa 4 IHaO 

Soluble 

16 . X = KI 

(i) 2CUSO4 4 4 KI:-^ 2 Cul 2 + 2K2SO4 

2Cul2-^ Ctl2l2 + I2 

(White) 

I2 4 aNaaSaOa —^ 2NaI 4 Na2S406 

(ii) Ag-'4KI-> Agl 4 K"" 

Yellow ppt. 

Insoluble in NH4OH 
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17 , X = Na 2 S 203 * 5 H 20 . 


(a) 

Na 2 S 203 + 2 HC 1 

-^ 2 NaCl + H2O + S + SO2 

(b) 

KI3 + 2Na2S203 

-^ KI + 2 NaI 4- Na2S406 

(c) 

2AgN03 + Na2S203 

- ^ Ag2S203 + 2 N 3 N 03 


^82^203 + H2O 

^ Ag2S + H2SO4 


18 . 


(X) 

White solid 

20.02 g 


Anhydrous 

CUSO4 


Heat 



(B) 

Neutral gas 
1.8 g 


+ (10 

Residue 
13.8 g 


H2O 


4 ' 


CuS 04-5H20 (Blue) 


Soln. 

. Alkaline to litmus 
BaCl2 soln. 
White ppt. (Z) 19.7 g 


C02f- 


Acid 


(Z ) is a carbonate as it evolves CO2 with acid. (F). is also a 
carbonate of an alkali metal because its solution is aJ&line to litmus 
and gives a white precipitate of BaC03 with BaCl2 soln. (B) is 
H2O and (A) is CO2. Thus, (.X) is a bicarbonate, MHCO3. 

2MHCO3-^ CO2 + H2O + M2CO3 

m (A) {B) (F) 

2[X + 61] 

44 g CO2 is obtained from 2 (X + 61 ) g of X 

4.4 g CO2 IS obtained from-^— x 4.4 =-g of X 

44 5 


So, 


X + 61 


= 20.02 or X = 39 . 1 g 


Therefore, the alkali metal is K. 

Thus, X is KHCO3 

2KHCO3 —4 K2CO3 + CO2 + H2O 

(X) (7) (A) (S) 

K2CO3 + BaCla-> BaC 03 + 2 KCI 

138.2 (Z)197 

138.2 g of K2CO3 forms -197 g BaC03 
197 


13.8 g of K2CO3 forms 


138.2 


X 13.8 g BaC03 or 19,7 g 


Na2C03 + CO2 + H2O 
(7) (A) (S) 


This confirms die given data. 

19, X is NaHC03. 

2NaHC03 — 

(X) 

20 . At first, Bi(N03)3 undergoes hydrolysis. Nitric acid is formed. 
Which oxidises KI to iodine. The liberated iodine dissolves in KI 
to form yellow solution of KI3. 

Bi(N03)3 + HaO —^ [Bi(OH)(N03)2] + HNO3 - - 

2HNO3-> H2O + 2NO2 + O 

2KI + H2O + O-^2KOH + I2 

Dark brown 

I2 + KI-> KI3 

Yellow solution 

Answers : Matching Type Questions 

[A] (a—viii); (b—^vi); (c—i); (d—vii); (e—^ii); (f—iv); (g—iii); 
(h-v); 

[B] (a—^v); (b—^viii); (c—^vii); (d—^vi); (e—^ii); (f—iii); (g—iv); 
(h-i) 


laU^TI^TfDWl OF OBJECTIVE QUESTIONS 


1 . Which one of the following statements is true for the alkali 

metals 7 

(a) Their nitrates decompose on heating to give NO2 and O2. \ 

(b) Their carbonates decompose on heating to give CO2 and 
normal oxide. 

(c) They react with halogens to give the halides of the type, 
MX. 

(d) They react with oxygen to give mainly the oxide, M2O. 
Ans. (c) 

2 . The electrolyte used in Castner’s process of sodium 
extraction is. : 

(a) anhydrous Na2C03 (b) aqueous NaOH 

(c) NaCl + CaCl2 (d) fused anhydrous NaOH 

Aiis,(d) 

3 . Based on lattice energy and other considerations which one 
of the following alkali metal chloride is expected to have 
highest melting point ? 

(a) Lia (b) NaCl 

(c) KQ (d) RbCl 

Ans, (b) 

[Hint ; On the basis of lattice energy, the melting point decreases 
in the alkali group as lattice energy decreases with the 


4 . 


increase of the atomic number. However, LiCl has covalent 
character due to very small size of Li”^ ion. Hence, melting 
point of NaCl is highest amongst the above chlorides.] 

Select correct statement: 

(a) Oxides (M2O) and peroxides (M2O2) of alkali metals are 
diaraJagnetic and colourless. 

(b) Superoxides (MO2) of aljkali metals are paramagnetic. 

(c) Li and Na do not forai superoxides. 

(d) All are correct. 

Ans, (d) 

Which of the following salts does not form any precipitate 
with excess of NaOH ? 

(b) m:i3 

(d) CUSO4 


(a) ZnCl2 
(c) C1CI3 
Ans. (a) 

[Hint : ZnCl2 + NaOH 


NaOH 

Zn(OH)2-> Na2Zn02 

Soluble 


6. 


FeCIg + NaOH —^ Fe(OH)3 (brown ppt.) 

CtCk + NaOH -^ Cr(OH)3 (green ppt) 

CUSO4 + NaOH- > Cu(OH) 2 (blue ppt.)] 

Which of the following is best CO2 absorber as well as source 
of O2 in space capsule ? 
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(a) KO2 (b) K2O2 

(c) KOH (d) liOH 

Ans. (a) 

[Hjnt : 4 KO 2 + 2 CO 2 — 2 K 2 CO 3 + 3 O 2 ] 

7 . Match the compounds given in (X) with their uses in (Y). 


(X) 




CO 

A. NaOH 



1. 

Glass 

B. Na2S203 



2 

Germicide 

C NaCN 



3 . 

AnticMor 

D. Na 2 C 03 

Codes: 



4 . 

Soap 

A B 

c 

D 



(a) 4 3 

2 

1 



(b) 3 4 

1 

2 



(c) 2 3 

4 

1 



(d) 1 2 

Ans. (a) 

3 

4 




8. On dissolving moderate amount of sodium metal in liquid 
ammonia at low temperature, which of the following dc^s not 
occur ? 

(a) Blue coloured solution is obtained 

(b) Na'^ ions are formed in solution 

(c) Liquid ammonia becomes good conductor of electricity 

(d) The liquid ammonia remains diamagnetic 
Ans. (d) 

9. The aqueous solutions of lithium salts are poor conductor 
of electricity rather than other alkali metals because of : 

(a) high ionisation energy 

(b) high electronegativity 

(c) lower ability of Li^ ions to polarise water molecules 

(d) higher degree of hydration of Li"^ ions 
Ans. (d) 

10. NaOH + CO ) X. The product X is : 

5-lOatm. ^ 

(a) NaHCOa (b) Na2C03 

(c) HCOONa (d) H2CO3 

Ans, (c) 

11 . Which of the property of alkali metals is not listed correctly ? 

(a) The least electronegative metal : Cs . 

(b) A natural radioactive metal: Fr 

(c) The alkali metal with lowest density : K 

(d) The most abundant alkali metal in eartii’s crust: Na 
Ans. (c) 


12 . Which among the following is least soluble in water ? 

(a) NaF (b) LiF 

(c) KF (d) RbF 

Ans. (b) 

[H 5 nt : LiF has maximum lattice energy and hence least soluble.] 

13 . Which of the following metals is used for drying organic 
solvents ? 

(a) Magnesium (b) Sodium 

(c) Platinum (d) Nickel 

Ans. (b) 

14 . Which of the following does not illustrate the anomalous 
behaviour of lithium ? 

(a) Lithium reacts with nitrogen to form a nitride 

(b) Lithium is the hardest alkali metal 

(c) Lithium reacts with oxygen to form normal oxide only 

(d) Lithium carbonate decomposes on heating 
Ans. (b) 

15 . The correct order of stability of hydrides of alkali metals is : 
(a) LiH>NaH>KH>RbH (b) NaH>KH>RbH>LiH 
(c) RbH>KH>NaH>LiH (d) LiH>RbH>KH>NaH . 
Ans : (a) 

[Hint : Small anion forms stable compound with small cation,] 

16 . The correct order of mobility of alkali metal ions in aqueous 

solution is: [C,B.SJE. 2006 ] 

(a) K'^>Rb’">Na”'>Lr (b) Rb-" > K"'> Na+> Li+ 

(c) Li-" > Na-' > K-' > Rb"' (d) Na'' > > Rb'' > Lt 

Ans: (b) 

[EUnt i Smaller the size of the ion, more is the hydration and 
therefore lesser is the mobility.] 

17 . Pick out statements) which is(are) not true about diagonal 
relationship of Li and Mg: 

A Polarising powers of Li"' and Mg^”' ions are almost same 
B Like Li, Mg decomposes water very fast 
C LiCl and MgCl2 are deliquescent 
D Like Li, Mg readily reacts with liquid bromine at ordinary 
temperature . 

(a)AandD (b)BandC 

(c)OnlyB (d)BandD 

Ans : (d) 




Set I : Choose the correct answer out of the given alternatives for each question. 


1 . Electrometallurgical process (electrolysis of fiis^ electrolyte) 


is employed to extract: 

(a) iron □ (b) le^ □ 

(c) silver □ (d) sodium □ 

2. Molecular formula of Glauber’s salt is: 

(a) MgS04'7H20 □ (b) CUSO4 5H2O □ 

(c) Na2SO4 l0H2O □ (d) FeS047H20 □ 

3. Nitrogen dioxide cannot be obtained by heating: 

(a) KNO3 □ (b) Pb(N03)2 □ 

(c) Cu(N 03)2 □ (d) AgN03 □ 

4. An ingredient of baking powder is: 

(a) NaHC03 □ (b) Na2C03 □ 

(c)Na2S04 □ (d)Naa □ 

5. Sodium reacts with water more vigoiously than lithium 
because: 

(a) it has higher atomic mass □ 

(b) it is more electropositive □ 

(c) it is more electronegative □ 

(d) it is a metal □ 

6. Washing soda is: 

(a) Na2C03 □ (b) Na2CO3l0H2O □ 

(c) KHCO3 □ (d) NaHC03 □ 

7. ' On heating sodium carbonate.is evolved. 

(a) OO2 □ (b) CO □ 

(c) H2O □ (d) NO gas □ 

8. Sodium carbonate can be manufactured by Solvay process 
but potassium carbonate cannot be prepared because: 

(a) K2CO3 is more soluble □ 

(b) K2CO3 is less soluble □ 

(c) KHCO3 is more soluble than NaHC03 □ 

(d) KHCO3 is less soluble than NaHCOj □ 

9. Which of the following represents conect order of decrying 
Eqx or reducing nature? 

(a) Li>Na>K>Rb □ (b) Rh>K>Na>Li □ 

(c) Rb>Li>Na>K □ (d) Li>Rb>K>Na □ 

10. The solubility of MCIO4 (M=Li, Na, K, Rb) increases in order 
of: 

(a) LiCi04 < NaC104 < KCIO4 < RbCi04 □ 

(b) NaC104 < RbCi04 < LiC104 < KCIO4 □ 

(c) RbC104 < KCIO4 < NaC104 < LiCi04 □ 

(d) KCIO4 < LiC104 < NaC104 < RbC104 □ 

IL Alkali metals are characterised by: 

(a) good conductors of heat and electricity □ 

(b) high melting points □ 

(c) low oxidation potentiak □ 

(d) high ionisation potentials □ 

12 A solution of sodium in liquid ammonia is strongly reducing 

due to the presence of: 

(a) sodium atoms □ (b) sodium hydride □ 

(c) sodium amide □ (d) solvated electrons □ 


13 . The colour of iodine solution is discharged by shaking it with 


aqueous solution of: 

(a) H2SO4 □ (b) sodium sulphide □ 

(c) sodium sulphate □ (d) sodium thiosulphate □ 

14 . Which of the following is not found in solid state? 

(a) LiHC03 □ (b) NaHC03 □ 

(c) KHCO3 □ (d) NH4HCO3 □ 

15 . Sodium metal can be stored under: 

(a) benzene □ (b) kerosene □ 

(c) alcohol □ (d) water □ 

16 . A substance X is a compound of an element of group lA. 
The substance X gives a violet colour in flame test, X is: 

(a) NaQ □ (b) LiQ □ 

(c) KQ □ (d) None of these □ 

17 . Select the correct statement: 

(a) Lithium carbonate is soluble in water □ 

(b) Potassium carbonate is soluble in water □ 

(c) Barium carbonate is soluble in water □ 

(d) Bicarbonate of lithium is insoluble in water □ 

18 . Alkali metals are powerful reducing agents because: 

(a) these are metals □ 

(b) these are monovalent □ 

(c) their ionic radii are large □ 

(d) their ionization potentials are low □ 

19 . Sodium carbonate is prepared by: 

(a) Solvay process □ (b) Kolbe’s process □ 

(c) Contact process □ (d) Nessler’s process □ 

20. Na2S203*5H20 is used in photography to: 

(a) reduce AgBr to metallic Ag □ 

(b) remove reduced Ag □ 

(c) remove und^omposed AgBr as a soluble complex □ 

(d) convert metallic Ag to silver salt □ 


21 . The reaction of sodium thiosulphate with I2 gives: 

(a) sodium sulphide □ (b) sodium sulphite □ 

(c) sodium sulphate □ (d) sodium tetrathionate □ 

22 . Electrolysis of fused NaCl wOl give: 


(a) Na □ (b) NaOH □ 

(c) NaQO □ (d) Naa03 □ 

23 . Tin dissolves in excess of sodium hydroxide solution to 
form: . 

(a) Sn(OH)2 □ (b) Na2Sn03 □ 

(c) Na2Sn02 □ (d) Sn02 □ 

24 . The hydroxide of which metal ion is soluble in excess of 
sodium hydroxide solution: 

(a) Fe+^^ □ (b) Cr^^+ □ 

(c) Af□ (d) Cu^+ □ 

25 . An element having electronic configuration Is^, 2 s^ 2 p^, 
3 s^ 3 p^, 4 ^^ will form: 

(a) acidic oxide □ (b) basic oxide □ 

(c) amphoteric oxide □ (d) neutral oxide □ 
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26 . The products of electrolysis of concentrated common salt 


solution are: 

(a)Na+a2 □ (b)H2 + 02 □ 

(c) NaOH + H2 + CI2 □ (d) NaOH + CI2 + O2 □ 

27 . Elements in the first column of the periodic table are called 
alkali metals. These metals have: 

(a) a single valency electron □ 

(b) one electron less than an inert gas configuration □ 

(c) high melting points □ 

(d) high ionisation potentials □ 

28 . One of the natural minerals of sodium is tincal. Its formula 
is: 

(a) Na2CO3 l0H2O □ (b) NaNOs □ 

(c) Na2B4O7*10H2O □ (d) NaQ □ 

29 . Potassium when heated strongly in oxygen, it forms: 

(a) K2O □ (b) KO2 □ 

(c) K2O2 □ (d) KO □ 

30 . The reaction of sodium is highly exothermic with water. The 
rate of reaction is lowered by: 

(a) lowering the temperature □ 

(b) mixing with alcohol □ 

(c) mixing with acetic acid □ 

(d) making an amalgam □ 

31 . What product is obtained after electrolysis in Solvay trough 
cell ? 

(a) NaOH □ (b) sodium amalgam □ 

(c) Na □ (d) Na2C03 □ 

31 Rb 02 is: 

(a) superoxide and paramagnetic □ 

(b) superoxide and diamagnetic □ 

(c) peroxide and paramagnetic □ 

(d) peroxide and diamagnetic □ 

33 . KOH is preferably used to absorb CO2 gas because : 

(a) KHCO3 is soluble in water while NaHC03 is sparingly 

soluble in water □ 

(b) KOH is cheaper than NaOH □ 

(c) KOH is stronger base than NaOH □ 

(d) KOH is more soluble than NaOH in water □ 

34 . What are the raw materials used in Solvay process? 

(a) NaCl,NH3,CaG03 □ (b) Na0H,C02 □ 

(c) Naa,C02 . □ 

(d) Naa,CaC03,C,H2S04 □ 

35 . The solubility of iodine in water is increased by: 

(a) boiling the solution □ 

(b) cooling the solution □ 

(c) ad<hng acid □ 

(d) adding potassium iodide ' □ 

36 . Potassium nitrate is called: 

(a) Mohr's salt □ (b) Indian saltpetre □ 

(c) Gypsum □ (d) Chile saltpetre □ 

37 . In the following reaction, 

NaOH + S-^ A Hr Na2S5 hh H2O, 

A is: 

(a) Na2S03 □ (b) Na2S04 □ 

(c) Na2S203 □ (d) Na2S □ 


38 . Na2C03 + Fe203-> A + CO2, what is A in the reaction? 


(a) NaFe02 □ (b) Na3Fe03 □ 

(c) Fe304 □ (d) Na2Fe02 . □ 

39 . When dry ammonia gas is passed over heated sodium (out 
of contact of air) the product formed is: 

(a) sodium hydride □ (b) sodium nitride □ 

(c) sodamide □ (d) sodium cynamide □ 

40 . The name oxone is given to: 

(a) ozone □ (b) sodium peroxide □ 

(c) sodium oxide □ (d) sodamide □ 

41 . The principal products obtained on heating iodine with 
concentrated caustic soda solution: 

(a) NalO + Nal □ (b) NalO + NalOa □ 

(c)NaI03 + NaI □ (d)NaI04 + NaI □ 

42 . When a concentrated solution of ammonia is saturated with 


sodium chloride in the presence of pieces of dry ice, a water 
cloud is formed. This is due to : 

(a) precipitation of sodium hydrogen carbonate from the 


reaction mixture □ 

(b) precipitation of ammonium carbonate □ 

(c) precipitation of ammonium hydrogen carbonate from the 

reaction mixture □ 

(d) precipitation of sodium carbonate from the reaction 

mixture □ 


pHiiit : NH3 + H2O + CO2 {dry ice)-^ NH4HCO3 

NaCl + NH4HCO3-> NaHC03 + NH4CI] 

43 , A combustible gas is liteated when caustic soda solution 
is heated with: 



(a) S 

□ (b)NH4a 

□ 


(c) I2 

□ (d) Zn 

□ 

44. 

Caustic soda is: 

(a) efflorescent 

□ (b) deliquescent 

□ 


(c) hygroscopic 

□ (d) oxidant 

□ 

45 . 

When ammonical common salt solution is saturated with 


carbon dioxide we obtain: 



(a) NH4HCO3 

□ (b)(NH 4 ) 2 C 03 

□ 


(c) NaHCOs 

□ (d)Na2C03 

□ 

46 . 

‘The compound called microcosmic salt is: 



(a) Na2HP04-2H20 

□ (b) Na(NH 4 )HP 044 H 20 

□ 


(c) Na2NH4P04-2H20 

□ (d) {NH4)2HP04-2H20 

□ 

47 . 

From a solution of zinc 

chloride, zinc carbonate can 

be 


obtained by adding; 

(a) NaHCDj 

□ (b)Na2CX)3 

□ 


(c) CaC03 

□ (d)MgC 03 

□ 

48 . 

Sodium carbonate solution is alkaline due to: 



(a) hydrolysis of Na^ 


□ 


(b) hydrolysis of CO3 ™ 


□ 


(c) hydrolysis of both Na^ and CO3 ions 

□ 


(d) none of the above 


□ 

49 . 

When chlorine is passed through concentrated solution 
KOH, the compound formed is: 

of 


(a) KQO 

□ (b) Ka02 

□ 


(c) KQCb 

□ (d) Ka04 

□ 

50 . 

If NaOH is added to an aqueous solution of ions, a 

white precipitate appears and on adding excess of NaOH, 



304 


G.R.B-. Inorganic Chemistry for Competitions 


the precipitate dissolves. In the solution, zinc exists in 


the: 

(a) anionic part □ 

(b) cationic part □ 

(c) both in anionic and cationic parts □ 

(d) colloidal form □ 

51 . Which of the following has lowest thermal stability? 

(a) liaOOs □ (b)Na2C03 □ 

(c) K2CO3 □ W Rb2C03 □ 

52 . Which salt on heating does not give brown coloured gas? 

(a) liNOs □ (b) KNO3 □ 

(c) Pb(N03)2 □ (d) AgNOs □ 

53 . Fire extinguishers contain H2SO4 and : 

(a) NaHCOa and Na2C03 □ (b) NaHC03 solution □ 

(c) Na2CX33 □ (d)CaC03 □ 

54 . Which of the following compound is used in gun powder? 

(a) LiN03 □ (b) NaNO^ □ 

(c) Pb(N03)2 □ (d) KNO3 □ 

55 . Which of the following compounds is(are) not soluble in 
water ? 

(a) li2C03 □ (b) IJF □ 

(c) y3P04 □ (d) All of these □ 

56 . When a standard solution of NaOH is left in air for a few 
hours: 

(a) a pr^ipitate will form □ 

(b) stength will decre^e □ 

(c) strength will increase □ 

(d) the concentration of Na"^ ions will remain constant □ 


57 . The pair of compounds which cannot exist together in 
solution is: 

(a) NaHCOsandNaOH □ (b) Na2C03andNaHC03 □ 
(c) Na2C03 and NaOH □ (d) NaHC03 and NaCl □ 

58 . Which of the following reaction/s is/are correct ? 

(i) 02 + NaOH -> NaCl+NaC103 + H2O 

Cone, and hot 
solution 

(ii) P4 +NaOH + H20->NaH2P02 + PH3 

(yellow) 

(iii) S + NaOH^^^Na2S203 + Na2S + HjO 


(iv) C+NaOHNa 2 Si 03 + H 2 

(a) (i) and (ii) □ (b) (ii) and (iii) □ 

(c) (i), (ii) and (iii) □ (d) all are correct □ 

59 . The most abundant alkali metal in nature is: 

(a) lithium ' □ (b) sodium □ 

(c) potassium □(d) caesium □ 

60 . When sodium hydroxide solution is el^trolysed: 

(a) hydrogen is discharged at cathode □ 

(b) hydrogen is discharged at anode □ 

(c) sodium is liberated at anode □ 

(d) no hydrogen is liberated □ 

61 . In the Castner process for the extraction of sodium, the anode 

is made of: [E.A.M.CJLT. 2003 ] 

(a) nickel □(b) iron □ 

(c) copper □ (d) sodium □ 


62 . A white solid reacts with dil, HCl to give colourless gas that 
decolourises aqueous bromine. The solid is most likely to 
be: 


63 . 


(a) sodium carbonate □ (b) sodium chloride □ 

(c) sodium acetate □ (d) sodium thiosulphate □ 

In the following sequence of reactions, identify the 
compounds (A), (R), (Q and (D ): 


Na2C03 

Solution 


SO, 


<A)- 


<B)- 


Heat 




■ AgNOa 


KD) 


(a) Na2S03, NaHS03, Na2S. Ag2S □ 

(b) NaHSOj, Na2S03, Na2S203, AgaS □ 

(c) NaHS03,Na2S04,Na2S,Ag20 □ 

(d) Na2S03,Na2S04,Na2S203,Ag □ 


[Hint! Na 2 C 03 + 2S02 + H20-> 2 NaHS 03 +CO 2 

C-t) 

2NaHS03 + Na2C03—2Na2S03+H2O + CO2 

(B) 

Na2S03+S-^NajSjOj 

(C) 


Na2S203 + 2AgN03—^ Ag2S203 + 2NaN03 
Ag 2 S 203 + H 20 -»Ag 2 S + H 2 SO 4 ] 


64 . ZnCl 2 +NaHC 03 -i^ (A) > (B) + (OT+H 20 

(B) + NaOH- >D 

Identify the compound D present in the solution : 
(a)ZnC03 □ (b)Zn(OH)2 □ 

(c)ZnO □ (d)Na 2 Zn 02 □ 

[Hint ; Zna2+2NaHC03--^Zti(HC03)2+2NaCl 

(A) 

Zn(HC03)2-^ ZnC03+ H2O + CO2 

iB) (C) 

ZnC 03 + 2NaOH-> Zn(OH )2 + Na 2 C 03 

Zn(OH )2 + 2NaOH-^ Na2Zn02 + 2 H 2 O f • 


65 . LiAlH4 is used as: 

(a) an oxidising agent □ (b) a reducing agent □ 
(c) a mordant ' □ (d) a water softener □ 

66 . Sodium sulphate is soluble in water whereas barium sulphate 
is sparingly soluble because: 

(a) the hydration energy of sodium sulphate is more than 

its lattice energy □ 

(b) the lattice energy of barium sulphate is less than its 

hydration energy □ 

(c) die lattice energy has no role to play is solubility □ 

(d) the hydration energy of sodium sulphate is less than its 

lattice energy □ 

67 . Which of the foUowing increases in magnitude as the atomic 
numta of alkali metals increases? 

(a) Electronegativity □ 

(b) First ionisation potential □ 

(c) Ionic radius □ 

(d) Melting point □ 

68 . Sodium has, as compared to potassium: 

(a) less electronegativity □ 

(b) more ionisation potential □ 
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69. 


70. 


71. 


72. 


(c) larger atomic radius □ 

(d) lower melting point □ 

Which of the following alkali metals does not form alums? 


73. 


74. 


75. 


7& 


77. 


78. 


79. 


80. 


(a) Rb □ 

(c) Na □ 

Incorrect match is : 

(a) Soda ash : Na 2 C 03 □ 

(c) Pearl ash : K 2 CO 3 □ 


(b)K 

{d)Li 


□ 

□ 


(b) Bone ash ; CUCO 3 □ 
(d) Baking soda : NaHC 03 n 


81 . 


82. 


The metallic lustre exhibited by sodium is explained by; 

(a) diffusion of sodium ions □ 

(b) oscillation of mobile valence electrons □ 

(c) existence of free protons □ 

(d) existence of body centred cubic lattice □ 

Crude common salt is hygroscopic because of impurities of: 

(a) CaS 04 and MgSOa □ 

(b) CaCl 2 andMgCl 2 □ 

(c) CaBr 2 and MgBr 2 □ 

(d) Ca(HC 03 ) 2 andMg(HC 03)2 □ 

Which of the following compounds of potassium is known 
as ‘pearl ash’? 

(a) □ (b) KMnOa □ 

(c) KQ □ (d) KNQ 3 □ 

In the electrolysis of NaCl solution for the manufacture of 
NaOH, the ion discharged at cathode is: 

(a) Na+ □ (b) Cr □ 

(c) IT □ (d) □ 

When sodium is added in scanty water, it catches fire. In 
this process which one of the following bums? 

(a) Na . □ (b) H 2 O □ 

(c) CO □ (d) H 2 □ 

Among LiCl, RbCl, BeCl 2 and MgCl 2 the compounds with 
greatest and least ionic character respectively are: 

(a) Ua,RbCl □ (b) Rba, B^i 2 □ 

(c) RbCl,Mgd 2 □ (d) MgCl 2 ,Bd:i 2 □ 

Stable oxide is obtained by heating the carbonate of the 
element: 

(a) Li □ (b) Na □ 

(c) K □ (d) Rb □ 

The chloride that can be extracted with ether is: 

(a) NaO □ (b) KQ □ 

(c) liCl □ (d) RbCI □ 

Prefix ‘alkali’ for alkali metals denotes: 

(a) silvery lustre □ (b) metallic nature □ 

(c) active meials □ (d) ashes of plants □ 

Li 2 S 04 is not isomorphous with sodium sulphate: 

(a) due to small size of lithium □ 

(b) due to high hydrogen number of lithium □ 

(c) due to high ionisation energy of lithium □ 

(d) none of the above □ 

For the preparation of sodium thiosulphate by “Spring’s 
reaction”, the reactante used are : [E.A.M.C.E.T. 2003 ] 

(a) NaaS + Na 2 S 03 + CI 2 □ (b) Na 2 S + SO 2 □ 

(c) Na 2 S + Na 2 S 03 +12 D (d) Na 2 S 03 + S Q 

Ease with which hydrides are formed from Li to Cs: 

(a) deceases □ (b) increases □ 

(c) remains the same □ (d) none of these □ 


83. 


84. 


85. 


86 . 


87. 

88 . 


89. 


90. 

91. 

92. 


93. 


94. 


30§ 


Thermal stability of hydrides of first gioup elements follows 


the order: tC.B.S JL 2008] 

(a) OH > NaH > KH > RbH □ 

(b) UH > KH > NaH > RbH □ 

(c) DH > RbH > KH > NaH O 

(d) UH > KH > RbH > NaH □ 

There occurs loss of mass when a mixture of Li 2 C 03 and 
Na 2 CO 3 l0H2Q is heated strongly. The loss of mass is due 
to : 

(a) decomposition of Li 2 Cd 3 only □ 

(b) loss of water by Na2CO340H2O □ 

(c) both (a) and (b) □ 

(d) none of these □ 

In certain matters, lithium diffei^ from other alkali metals, the 
main reason for this is: 

(a) small size of lithium atom and Li'*' □ 

(b) extremely high electropositivity of Li □ 

(c) greater hardness of Li □ 

(d) hydration of Li^ ion □ 

Identify the correct statement. Elemental sodium: 

(a) can be prepared and isolated by electrolysing an aqueous 

solution of sodium chloride □ 

(b) is a strong oxidising agent □ 

(c) is insoluble in ammonia □ 

(d) is easily oxidised □ 

Which reacts directly with nitrogen to form nitride? 

(a) Na □ (b) Li □ 

(c) K □ (d) Rb □ 

Which of the following compounds on reaction with NaOH 
and H 2 O 2 gives yellow colour? 

(a) Zn(OH )2 □ (b) Ct{OHh □ 

(c) Ai(OH )3 □(d) None of these □ 

The stability of the following alkali metal chlorides follows 
the order: 

(a) Ua > KCl > NaCl > CsCl □ 

(b) CsCl > KCl > NaCl > LiCl □ 

(c) NaCl > KCl > LiCl > CsCl □ 

(d) KCl > CsCl > NaCl > LiCl □ 

Which of the following has the highest melting point? 

(a) NaO □ (b) NaF □ 

(c) NaBr □ (d) Nal □ 

Oxoneis: [P.MX (Manipal) 2001] 

(a) CaO □ (b) N 2 O □ 

(c)Na202 □ (d)NaB 03 □ 

In view of their low ionisation energies, the alkali metals are: 

[EM*T. {M.R) 2002] 

(a) weak oxidising agents □ 

(b) strong reducing agents □ 

(c) strong oxidising agents □ 

(d) weak reducing agents □ 

Which of the following has lowest melting point? 


fB.V. (Pune) 2002] 

(a) Li □ (b) Na □ 

(c) K □ (d) Cs □ 

When sodium is treated with sulficient oxygen/air, the 
product obtained is: [A.EM.C. 2002 ] 
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Objective Questions for iiT ASPiRANTS 


Zinc on reaction with NaOH gives a salt (A) along with a 
gas (X) and (A) on reaction with a gas (Y) gives white pre¬ 
cipitate (W). Which of the following is correct? 

(a) (A) is Na4Zn03, (Y) is H2S (b) (X) is H2, (W) is Zn (OH)2 
(c) (A) is Na 2 Zn 02 , (X) is O2 (d) (W) is ZnS, (X) is H2 
[Hint : Zn + 2NaOH-> Na2Zn02 + H 2 ; 


Na2Zn02 + H2S 
(10 


2 . For Na + NH'. 


Na2Zn02 + H2 ^ 
(A) {X) 

ZnS + 2NaOH] 
(W) 

Heat 


gas (XI 


Which of the following is correct? 

(a) (A) on reaction with water gives NaOH and N2 

(b) (B) contains anion of linear geometry 

(c) (X) is coloured (d) All are correct 


NaNH2-- 

(A) 


[Hint ; Na + NH3.-> NaNH2 " ■■■ > NaN3-^ Na + N2 

(A) (B) (X) 

Jhe anion in (B) is N3 which possesses a linear geometry.] 

3 . CO2 gas along with solid (y) is obtained when sodium salt 
(X) is heated. (X) is again obtained when CO2 gas is passed 
into aqueous solution of (F). (X) and (F) are: 

(a) Na2C03,Na20 (b) Na2G03,Na0H 

(c) NaHC03,Na2C03 (d) Na2C03. NaHCC^ 

[Hint : 2NaHC03 Na2C03 + H2O + CO2 ; 

iX) m 

Na2C03 + H2O + CO2-^ 2NaHC03] 

(X) (K) 

4 . ForNa + PHj-> (A) + gas(X), Na + NH3->(B) + gas 

(X), which of the following is correct? 

(a) The anion of (A) is trinegative while the anion of (B) on 
reaction with acetylene gives ammonia 

(b) The anion of both (A) and (B) are uninegative 

(c) The anion of both (A) and (B) are trinegative 

(d) None of the above 

[Hint: 3 Na + PH3-> NagP + |h2 ; 


(B) + gas 


NagP + |H2 


Na + NH3-> NaNH2-I- 5H2 ; 

(B) iX) 

NaNH2 + C2H2-> NaCaH + NH3] 

Sodium oxide can be obtained by heating: 

(a) sodium carbonate alone (b) sodium nitrate alone 

(c) sodium nitrite with sodium (d) none of these 

[Hint : 2NaN02 + 6Na-> 4Na20 + Na] 

A - 4 - Na 2 C 03 -> B C 


I- - -> Milky cloud, C 

The chemical formulae of A, B and C are: 


A 

(a) Ca(OH)2 

(b) NaOH 

(c) NaOH 

(d) CaO 


B C 

NaOH CaCOs 
Ca(OH)2 CaCOs 
CaO CaC03 
Ca(OH)2 NaOH 


Ca(OH )2 + Na 2 C 03 - 
(A) I 

CO2 


2NaOH CaCOa 
(B) (Q 


i^-> CaCOs ] 

7 * An aqueous solution of an halogen salt of potassium reacts 
with same halogen X to give KX3, a violet coloured solution 
which is used in volumetric exercises (iodimetric titrations). 
The halogen X is: 

(a) fluorine (b) bromine 

(c) chlorine (d) iodine 

[Hint ; KI + I2-> KI3 (violet coloured solution)] 

8 . In LiAlH4, metal A 1 is present in: 

(a) cationic part 

(b) anionic part 

(c) in both cationic and anionic parts 

(d) neither in cationic nor in anionic part 

[Hint j LiAlH4 Li’' + AIH4 ] 

Cation Anion 

9 . When sodium reacts with excess of oxygen, oxidation number 
of oxygen changes from: 


(a) 0 to --1 
(c) -1 to -2 

[Hint : 2Na + O2 (excess) • 


(b) 0 to -2 
(d) + 1 to -1 
NaaOa 

i 

O.N. = - 1 ] 


10. Sodium is heated in air at 350 °C to form X. X absorbs CO2 
and forms sodium carbonate and Y. Which of the following 
isF? 

(a) H2 (b) Qz . 

(c) H2O2 (d) O3 

[Hint : 2 Na Na202 ; 2Na202 + 2CO2 ^ 2Na2C03 + O2] 

11. Which disproportionates on heating with NaOH ? 

(a)P4 (b)S 

(c) 02 (d) All of these 

[Hint : P4 -1- 3 NaOH + 3H2O-» 3NaH2P02 + PH3 


4S + 6NaOH 


3 CI 2 + 6NaOH 


Na2S + Na2S203 + 3 H 2 O 
(- 2 ) (+ 2 ) 

5NaCl + NaCIOj + 3 H 2 O] 
(-1) (+5) 


12 . On heating a mixture containing 1 mole each of Li2C03 and 

K2CO3.is/are formed. 

(a) 2 moles of CO2 (b) 1 mole of CO2 

(c) 1.5 moles of CO2 (d) no carbon dioxide 

[Hint t Li2C03 decomposes while K2CO3 is stoble and does not 
decompose. 

Li2C03 -^ Li20 + CO2 ] 

1 mole 1 mole 

13 . When a substance A reacts with water it produces a com¬ 
bustible gas B and a solution of a substance C in water. When 
another substance D reacts with this solution of C, it also 
produces the same gas B on warming, but D can produce B 
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14. 


on reaction with dilute sulphuric acid at room temperature. A 
imparts a deep golden yellow colour to a smokeless flame of 
Bunsen burner. A, B, C and D respectively are: 

(a) Na, H2, NaOH and Zn 

(b) K, H2, KOH and A1 

(c) Ca, H2, Ca (0H)2 and Sn 

(d) CaC2,C2H2,Ca(QH)2andSn _ 

[Hint : Na + H 2 O-> NaOH + H 2 ; 

WV' (C) (B) 

+Zn 
(O) 


15. 


16. 


Zn + H 2 SO 4 -> ZnS 04 + H 2 ] 

(D) 

What is the heat of solution of sodium chloride from follow¬ 
ing data? 

Hydration energy of = - 389.4 kJ moF^ 

Hydration energy of GF = - 382.3 kJ moF* 

Lattice energy of NaCl = - 776 kJ moF^ 


(b) 4- 4.3 kJ mol 


(a) + 8 . 6 kJmoF' 

(c) » 4.3 kJ moF^ (d) ^ 8.6 kJ moF^ 

[Hint : = Hydration energy - Lattice energy 

Hydration energy of NaCl “ - 389 . 4 - 382.3 

= - 771.7 kJmoH] 

There is loss in mass when mixture of Li2C03 and 
Na2CO3 l 0 H 2 O is heated strongly. The loss is due to: 

(a) Li2C03only 

(b) Na 2 CO 3 l 0 H 2 Oonly 

(c) both Li2C03 and Na2CO3 l0H2O 

(d) none of the above 

A colourless solid (X) on heating evolved CO2 and also gave 
a white residue, soluble in water Residue also gave CO2 
when treated with dilute acid (X) is : 

(a) Na2C03 (b) CaCOs 

(c) NaHCOs (d) Ca(HC03)2 

[Hint 5 2 NaHC 03 —-4 Na 2 C 03 + H 2 O + CO 2 ] 

I Acid 


Soluble CO2 

in water 

17. cot NaOH (A) (B) 


5-10 Atm 


|caCl2 
White ppt. 


(A) and (B) are : 


(a) NaHCOs.NaaCOa (b) HCOONa, pOONa 

COONa 

(c) HCOONa,NaOH (d) NaHC03,Na0H 

[Hint : CO + NaOH-> HCOONa 

Heat 


2HCOONa 


COONa 

I 

COONa 


COONa 


I 

COONa 


4 CaCl2- 


coo. 

1 >Ca 
COO^ 

White ppt. 


4 2 NaCl ] 


18. 


19. 


Select the correct statement: 

(a) Solubility of alkali hydroxides is in order : . 

CsOH > RbOH > KOH > NaOH > LiOH 

(b) Solubility of alkali carbonates is in order : 

LLCOs >Na 2 C 03 >K 2 C 03 >Rb 2 C 03 >Cs 2 Cd 3 

(c) both are correct 

(d) none of the above is correct 

NH4CI 4 (A)- > Miciocosmic salt 

jneat 

(g) ”“* > (C) 

tA\ ADS Violet be!id 

(A), (B) and (C) are: 

(a) Na3P04, NaP03, (Mn)3(K)4)2 

(b) Na2HP04,Na3P04,Mn3(P04)2 

(c) Na2HF04, NaPOg, Mn(P03)2 

(d) Na2HP04,NaP03,NaMnP04 

[Hint : NH 4 CI 4 Na 2 HP 04 -> NaNH 4 HP 04 

(A) Microcosmic salt 

|Heat 


20 . 


NaP03 MnNaP04 ] 

Violet bead 

The aqueous solution of an unknown sodium salt gives the 
following reactions : 

(I) It gives white turbidity with dilute HCl solution. 

(II) It decolourises a solution of iodine in potassium iodide, 
(m) It gives a white precipitate with AgN03 solution which 

changes colours and finally becomes black on 
standing. 

The unknown sodium salt is : 

(a) sodium sulphite (b) sodium sulphide 

(c) sodium bisulphite (d) sodium thiosulphate 

[Hint s (i) Na2S203 4 2HC1-> 2NaCl 4 SO2 4 H2O 4 S 

(ii) KI3 4 2Na2S203 -—> KI 4 2NaI 4 Na2S406 

(iii) 2AgN03 4 Na2S203-Ag2S203 4 2NaN03 

White 
H2O 

->Ag2S 4 H2SO4] 

Black 


l. (d) 

13 . (a) 


2 . (b) 
14 . (b) 


3 .(c) 
15 , (c) 


4 . (a) 
16 . (c) 


5 .(c) 
17 . (b) 


6 . (a) 
18 . (a) 


7 .(d) 
19 . (d) 


8 .(b) 
20 . (d) 


9 . (a) 


10 . (b) 


11 . (d) 12. (b) 



Alkali Metals and their Compounds 


3f1 


i Matrix Matching Questions for I IT Aspirants 


Match List-I with List-II: 


5 . 

Match List-I with List-II: 


List-I 

List-n 


List-I 

List-n 

(a) Triphylite 

(p) Ore of lithium 


(a) Na 

(p) Stored in kerosine 

(b) Amblygonite 

(q) Phosphate ore 


(b) NaHCOa 

(q) Used in photodectric cell 

(c) Natron 

(r) Borax 


(c) K 

(r) Stored in benzene 

(d) Tincal 

(s) Na2C03‘H20 


(d) Cs 

(s) Component of baking powder 

Match the compounds in List-I with their colour in List-II: 

6 . 

Match List-I with List-II: 


List-I 

List-II 


List-I 

List-n 

(a) LiaN 

(p) Pale yellow 


(a) Efflorescent 

(p) NaOH 

(b) K2O 

(q) Orange 


(b) Deliquescent 

(q) KOH 

(c) CS2O 

(r) Colourless 


(c) Fusion mixture 

(r) NaaCOB and K2CO3 

(d) RbaO 

(s) Ruby ted 


(d) Washing soda 

(s) NaaCOaTOHaO 

(e) Li20 


7 , 

Match List-I with List-II: 


Match the compounds of List-I with their comfX)sition of List-II: 


List-I 

List-n 

List-I 

List-n 


(a) Refractory metal 

’(p)Li 

(a) Black ash 

(p) K2C03 


(b) Metal used in the Grignard reagent (q) Mg 

(b) Washing soda 

(q) CaS 


(c) The metal which form 

(r) Cs 

(c) Nitrolim 

(r) NaaCOa 


hydrated chloride 


(d) Pearl ash 

(s) CaCN2 + C 


(d) Metal used in the photoelectric cell (s) K 

Match List-I with List-II: 


8 . 

Match List-I with List-II: 


List-I 

List-n 


List-I 

List-n 

(a) Alkali metal with highest m.pt. (p) Water 


(Alkali metal) 

(Oxide) 

(b) Alkali metal with least metallic character (q) Li 


(a) Na 

(p) Superoxide 

(c) Sodium cannot be stored under (r) Ionic hydride 


(b) Cs 

(q) Coloured oxide 

(d) CaH2 

(s) Hydrolith 


(c) K 

(r) Stable peroxide 


(d) li- (s) Normal oxide 




1. 

(a-p, q) 

(b-p, q) 

(c-s) 

(d-r) 

5 . 

(a-p, r) 

(b-s) 

(c-p, q, r) 

(d-p, q, r) 

2. 

(a-s) 

(b-p) 

(c-q) 

(d-p) (e-r) 

6. 

(a-s) 

(b-p, q) 

(c-r) 

(d-s) 

3 . 

(a-q, r) 

(l^r) 

(c-s) 

(d-p) 

7 . 

(a-q) 

(b-q) 

(c-p, q) 

(d-r, s) 

4 . 

(a-q) 

(M) 

(c-p) 

(d-r, s) 

8. 

(a-r) 

(b-p, q) 

(c-p, q) 

(d-s) 



The following questions consist of an Assertion (A) and 
Reason (R). Use the following key to choose the appropriate 
answer. 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is not correct. 

(d) If both (A) and (R) are not correct. 

1. (A) Lithium resembles magnesium, diagonally placed in IIA 
group. 

(R) The sizes of lithium and magnesium atoms and their ions 
(Li”^ and are nearly the same. [AJJ.M.S* 1997] 


2* (A) Lithium chloride is predominantly covalent compound. 
(R) Electronegativity difference between Li and Cl is small. 

[LLT, mm 

3, (A) Alkali metals do not occur in native state. 

(R) Alkali metals are highly reactive metals. 

4* (A) K 2 CO 3 cannot be prepared by Solvay process, 

(R) K 2 CO 3 does not decompose on heating. 

5. (A) Sodium metal when dissolved in liquid ammonia forms a 

blue Coloured solution. 

(R) The blue solution is a good conductor of electricity. 

6 . (A) Among the alkali metals, caesium salts exhibit the 

maximum electrical conductance in aqueous solutions. 
(R) Bigger the radius of the hydrated cation, higher is the 
electrical conductance of the aqueous solution. 
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4 
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Alkaline Earth Metals 
and their Compounds 


(Group IIA or 2, 


7^ POSITION OF ALKALINE EARTH METALS IN 
PERIODIC TABLE 

The group HA of the periodic table consists of six elements—^beryllium, mag¬ 
nesium, calcium, strontium, barium and radium. These elements are collectively 
called as alkaline eartb metals because their earths (the old name for oxide) 
are basic (alkaline) and group IIA is known as alkaline earth group. The 
oxides of three principal members calcium, strontium and barium were known 
much earlier than the metals themselves. These oxides were alkaline in nature 
and existed in the earth and were named alkaline earths. The metals when 
discovered were also called alkaline earths. This term is now applied to all the 
six elements of group IIA. The first member beryllium is less active than other 
members and shows some abnormal properties like lithium in lA group. However, 
it shows resemblance with aluminium (a member of Illrd group), i.e., diagonal 
relationship. The last member, radium* is radioactive in nature. Each member 
of this group occupies a place just after the members of lA group in various 
periods of periodic table except first period. 

lA Li 3 Na 11 K19 Rb 37 Cs 55 Fr 87 

HA Be4 Mg 12 Ca 20 Sr 38 Ba56 Ra 88 

The members of this group show a marked resemblance in their properties 
and possess same electronic configuration. There is gradual gradation in the 
properties with the increase of atomic number, lliis justifies their inclusion in 
the same group of periodic table. The main properties are discussed below for 
this justification. 

ril 1. Electronic Configuration 

The valence electron configuration of the atoms of the group HA elements 
is ns^, where n is the period number. The arrangement or the distribution of 


♦Radium and its all isotopes are radioactive. The longest lived isotope being with 


halfilife 1600 years. This isotope is- formed in natural decay series of U' 


238 
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electrons on various subshells in the atoms of alkaline earth metals is given below: 


Element 

At No. 

Electronic Cmifiguration 

Configuration of the 
valency shell 

Be 

4 

2, 2 


[He] 

Mg 

12 

2,8,2 

li^ 2? 2p^, 3 / 

[Ne] 35^ 

Ca 

20 

2, 8, 8, 2 

2s^ 2p\ 3 / 3p^, 4i^ 

[Ar] 4 / 

Sr 

38 

2, 8, 18, 8, 2 

2s^ 2p^, 3s^ 3 / 3d^°, 4s^ 4p^, 5? 

[Kr] 5s^ 

Ba 

56 

2, 8, 18, 18, 8, 2 

2j^ 2 /, 3s^ 3p^ 3rf*°, 4 j^ 4p^ 4j“*, 5? 5p®, 6^ 

[Xe] 

Ra 

88 

2, 8, 18, 32, 18, 8, 2 

2/ 2p^, 3? 3/ 3d^°, 4s^ 4 / 4^/“* 4/^*, 5 s^ 5 / 5 rf‘“, 6^^ 6p\ Is^ 

[Rn] Is^ 


The outermost shell of these elements has two electrons 
and the penultimate shell contains 8 electrons except the first 
member which contains 2 electrons. Since, the last electron 
enters ns orbital, these are 5-block elements. Beryllium shows 
somewhat abnormal-properties as its electronic configuration 
is slightly different dian the rest of the members. Because of 
their similarity in electronic configuration [noble gas] they 
are included in the same group, IIA of the periodic table 
and closely resemble each other in the physical and chemical 
properties. 

s 2. Physical Properties 

(a) Physical state : All the group IIA elements are metals 
and too reactive, so that cannot occur in the uncombined state 
in nature. They are all silvery white metals. They have greyish 
white lustre when freshly cut, but tarnish soon after their 
exposure in air due to surface oxidation (Fig. 7.1). They are 



Fig. 7.1 Tarnished (a) and cleaned-up (b) magnesium 


soft in nature but harder than alkali metals becau^ metallic 
bonding is stronger than lA elements due to possession of 2 
valency electrons. However, hardness decreases with increase 
in atomic number. 

(h) Atomic aad look radii : The size ofthe atom increase 
gradually from Be to Ra, on account of the presence of an 
extra energy shell at each step. The atoms are large but smaller 
than corresponding lA elements since the extra charge on the 
nucleus attracts the electron cloud inwards. Their ions are also 
large and size of the ion increases from Be to Ra . 


Be 

Mg 

Ca 

Sr 

Ba 

Ra 

Atomic radii (pm) 112 

160 

197 

215 

222 

— 

(Metallic radii) 

Ionic radii (pm) (M^"^) 31 

72 

100 

118 

135 

148 


Atomic volume also increases as the atomic number 
increases. 


Be Mg Ca Sr Ba Ra 
At. voL (mL) 4^ 13.97 25.9 35.54 36.7 38.0 

(c) Density ; These metals are denser than alkali metals 
in the same period because these can be packed more tightly 
due to their greater nuclear charge and smaller size. The 
density decreases slightly upto calcium and then increases 
considerably upto radium. Irregular trend is due to the difference 
in the crystal structure of these elements. 

Be Mg Ca Sr Ba Ra 
Density (g mL'*) 1.84 1.74 1.55 2.63 3,59 5.5 

(d) Melting and boiling points : The melting and boiling 
pointe of these elements are higher than corresponding alkali 
metals. This is due to the presence of two electrons in the 
valency shell and thus, strongly bonded in the solid state. 
However, melting and boiling points do not show any regular 
trend because atoms adopt different crystal structures. 


Be 

Mg 

Ca 

Sr 

Ba 

Ra 

1560 

924 

1124 

1062 

1002 

973 

2745 

1363 

1767 

1655 

2078 

— 


(e) Ionisation enei^es and deciropositive character : The 

first and second ionisation energies of these metals decrease 
from Be to Ba. The second ionisation energy in each case is 
higher than the first, nearly double the first ionisation energy. 



Be 

Mg 

Ca 

Sr 

Ba 

Ra 

First I.E. (kJ mor‘) 

899 

737 

590 

549 

503 

509 

Second IE. (kJ mof’) 

1757 

1450 

1145 

1064 

965 

979 


The ionisation eneigy of last member, radium, is slightly 
higher than that- of barium and it is difficult to explain this 
anomalous behaviour. 


Although, the ionisation energies of these elements are higher 
■ than those of alkali metals, yet these are sufficiently low to 
make these atoms to lose two electrons of their valency shell to 
form ions and achieve the inat gas configuration. These 
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7j| DIFFERENCE BETWEEN ALKALINE EARTH METALS AND ALKALI METALS 

Both alkaline earth metals and alkali metals are schlock elements as the last differentiating electron enters the ni-oibital. They 
resemble with each other in many respects but still there are certain dissimilarities in their properties on account of different 
number of electrons in the valency shell, smaller atomic radii, high ionisation potential, higher electronegativity, etc. The main 
points of difference between alkaline earth metals and alkali metals are given below ; 


Properties 

Alkaline earth metds 

Alkali metals 

(i) Electronic configuration 

Two electrons are present in die valency shell. The con¬ 
figurations is 

One electron is p'^ent in the valency shell. The 
configuration is 

(ii) Valency 

Bivalent 

Monovalent. 

(iil) Electropositive nature 

Less electropositive. 

More electropositive. 

(iv) Hydroxides 

Weak bases, less soluble and decompose on heating. 

Strong bases, highly soluble and stable towards heat. 

(y) Bicarbonates 

These are not known in free state. Exist only in solution. 

These are known in solid sMe. 

(vi) Carbonates 

1 Insoluble in water Decompose on heating. 

Soluble in water. Do not decompose on healing 
(Li 2 C 03 is an exception). ^ 

(vii) Action of nitrogen 

Directly combine with nitrogen and form nitrides. 

Do not directly combine with nitrogen. 

(viii) Action of carbon 

Directly combine with carbon and form carbides. 

Do not directly combine with carbon. 

(ix) Nitrates 

Decompose on heating evolving a mixture of NO 2 ^d oxygen. 

Decompose on heating evolving only oxygen. 

(x) Solubility of salts 

Sulphates, phosphates, fluorides, chromates, oxalates, etc., are 
insoluble in water. 

Sulphates, phosphates, fluorides, chromates, 
oxalates, etc., are soluble in water. 

(xi) Physical properties 

Are less reactive and comparatively harder metals. High melting 
points. Diamagnetic. 

Soft, low melting points. Paramagnetic. 

(xii) Hydration of compounds 

The compounds are extensively hydrated. MgCl 2 ’ 6 H 20 , 
CaCl 2 * 6 H 20 and BaCl 2 7 H 2 O are hydrated chlorides. 

The compounds are less hydrated. NaCl, KQ and 
RbCl form non-hydrated chloride. 

(xiii) Reducing power 

Weaker, as ionisation potential values are high and 
oxidation potential values are low. 

Stronger, as ionisation potential values are low and 
oxidation potential values aire highl 


(v) It has the tendency to form covalent compounds: 

The polarisation effect of Be^"*" ion is high due to its high charge 
density. The large distortion of electron cloud of the anion 
brings covalent character, Be has high value of electronegativity 
(1.5) and when it reacts with another element, the 
electronegativity difference is not so large and the bond is, 
therefore, covalent. 

(vi) It does not react directly with hydrogen: Beryl¬ 
lium hydride can, however, be formed by reducing BeCla with 
LiAIH 4 . Beryllium hydride is a covalent compound. It is 
polymeric solid, (BeH 2 )„. It contains hydrogen bridges between 
beryllium atoms. 

The hydrides of Ca, Sr and Ba are largely ionic due to 
greater electropositive character. 

(vii) It diffiolves in alkalies with evolution of 
hydrogen: 

Be + 2NaOH + 2 H 2 O -^ Na 2 Be 02 - 2 H 20 + H 2 

Sodium beryllate 

other alkaline earth metals do not react with alkalies. 

(viii) It does not liberate hydrogen from acids readily : 
This is due to the fact that Be has lowest oxidation potential 
amongst alkaline earth metals. 

(ix) Its oxide is amphoteric in nature : Be is thus weak 
electropositive in nature. 

BeO + H 2 SO 4 ^ BeS 04 -f- H 2 O 
BeO + 2NaOH --> Na 2 Be 02 + Il 20 


7.41 ABNORMAL BEHAVIOUR OF 
BERYLLIUM 

Beryllium is a much less abundant alkaline earth metal, although 
masses of the mineral beryl (Be 3 Al 2 Si 60 ig) that weigh as 
much as a ton have been found. Pure beryl is colourless, but 
impurities give it colour; chromium as an impurity makes beryl 
into emerald (Fig. 7.2) andiron makes it aquamarine. Beryllium 
differs from rest of the alkaline earth metals on account of its 
small atomic size, high electronegativity and slight difference 
in electronic configuration. Be^”^ is very small. It exerts a high 
polarising effect on any anion associated with it. On account 
of this, beryllium compounds show covalent character. Its 
compounds have low melting points and are soluble in organic 
solveiits. These are hydrolysed in water; 

The ixiaih points of difference are given below: 

(i) It is the hardest of all alkaline earth metals: This 
is due to the fact that maximum metallic bonding is present on 
account of the smallest size amongst alkaline earth metals. ' 

(ii) The melting and boiling points of the beryllium 
are the highest: This is also due to maximum metallic 
bonding. 

(iii) It is not affected by atmosphere: Be is least 
reactive as its ionisation potential is high. However, it does 
react with oxygen and nitrogen at high temperatures. 

(iv) It does not decompose water: This is due to low 
value of oxidation potential. 
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The oxide is spmngly soluble in water as it has high degree 
of covalency. It has high melting point (approx. 25WC). The 
high melting point of BeO is due to its polymeric nature. 

The oxides of other alkaline earth metals are basic, soluble 
and ionic in nature. The basic nature increases in moving down 
the group. 

BeO has a 4 : 4 zinc sulphide (Wurtzite) structure, but all 
others have a 6 : 6 sodium chloride structure. 

(x) Its hydroxide is amphoteric in nature : Be is thus 
weak electropositive in nature. 

Be(OH)2 + 2HC1-> BeCl2 + 2H2O 

Be(OH)2 + 2NaOH-> Na2Be02 + 2H2O 

The hydroxide is insoluble in water. It is covalent in nature. 
The hydroxides of other alkaline earth metals are basic, ionic 
and their solubility increases on moving from Mg(OH)2 to 
Ba(OH)2. 

(xi) Its carbide (Be 2 C) on hydrolysis evolves methmie: 

Be2C + 4H2O-> 2Be(OH)2 + CH4 

The carbides of other alkaline earth metals (MC2) evolve 
acetylene on hydrolysis. 

(xii) Its carbonate (BeC 03 ) is not stable towards heat: 

The instability is due to strong polarising effect of small 
Be ion on the large CO3 ion. 

(xiii) Its nitride (Be 3 N 2 ) is volatile ; Be3N2 is covalent, 
while nitrides of other alkaline earth metals are ionic crystalline 
compounds. 

(xiv) Its sulphate is soluble in water : It is due to high 
degree of solvation of small ions. 

(xv) BeClj is a covalent compound; It does not con¬ 
duct electricity in fused state. It is soluble in organic solvents 
and acts as a Lewis acid. It fumes in air. 

The chlorides of other alkaline earth metals are ionic and 
good conductors of electricity in fused state and in solutions. 

(xvi) It is rendered passive by concentratal nitric add: 
Nitric acid is an oxidising agent. It forms unreactive thin layer 
of oxide on its surface and makes the metal passive. 

(xvii) Its compounds do not impart any colour to 
flame : Very high'energy is required to excite electron from 
lowest energy shell. 

(xviii) Its salts can never have more than four 
molecules of water of crystallisation as it has only four 


available orbitals in its valency shell. 

ly 2 s 
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Other alkaline earth metals can extend their coordination 
number to 6 by using d-orbitals. 

(tdx) It has strong tendency to form complex com- 

pMmds; Beryllium ion, on account of its small size, forms 


_ 2 ~ 

Stable complexes, such as [BeFa] or [BeF4] , It forms many 
chelate like complexes specially with oxygen donors. 

(xx) It Ims the tendency te forai alloys i The metal and 
its alloys have the following important applications. 

(a) Low density of beryllium makes it important in the 
formation of missiles and satellites. 

(b) Much of the metal that is produced is added in small 
amounts to copper, the small beryllium atoms pin the 
copper atoms together in an interstitial alloy that is more 
rigid than pure copper but still conducts electricity well. 

(c) The hard electrically conducting alloy is formed for 
non-sparking tools for use in oil refineries and grain 
elevators, where there is a risk of explosions. 

(d) Beryllium is used as windows for X-ray tubes, because 
beryllium atoms have so few electrons, thin sheets of 
the metal are transparent to X-rays and allows the rays 
to escape. 

: The element beryllium occurs mainly as beryl 3BeO, 
Al 203 . 6 Si 02 . Sometime the crystals are so big that they weigh 
several tonnes. The gemstone emerald is a form of beryl, its green 
colour is cau^d by the ions present as impurities. 



Fig. 7.2 An emerald is a crystal of beryl with some 
Gr^ ions which are responsible for the colour 


iM SIMILARmESCDIAOONAL RELATIONSHIP) 
BETWEEN BERYLLIUM AND ALUMINIUM 

Beryllium shows some similarities in properties with aluminium, 
the second typical element of group IIIA (next poup in 
Mendeleev’s periodic table) of the next higher period. This 
type of relationship between diagonally placed elements is called 
diagonal relationship (one of the characteristics of Mendeleev’s 
periodic table). 

Group IIA Group IDA 

Second period 
Third period 
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3 MgO + 2 A 1 -> 3 Mg + AI2O3 

3 MgO 4 - CaC2 -> 3 Mg + CaO + 2 CO 

The reduction is done at 2000 °C in vacuum. The vapours 
of magnesium are condensed, 

(ii) Electrolysis of anhydrous magnesium chloride: 
Camallite (KChMgCl2-6H20) is a hydrated compound. It cannot 
be dehydrated by heating because the water of crystallisation 
reacts chemically with magnesium chloride to form magnesium 
oxychloride and finally magnesium oxide. 


MgCl2-6H2C 

Hexahydrate 


► MgCl2-2H2C 

Dihydrate 


Mg 20 Cl 2 

Oxychloride 


Strongly 
heated in air 


To make it anhydrous, it is first heated in air and then in a 
current of HCl gas. 

mCh6li20 .> MgCl2+6H20 

of HCI gas 

Anhydrous magnesium chloride can also be obtained from 
MgO or sea water. Chlorine is passed over red hot mixture of 
MgO and carbon. 

MgO + C + CI2-> MgCl 2 + CO 

Sea water contains magnesium compounds. It is treated 
with calcium hydroxide when magnesium hydroxide gets 
precipitated. It is dissolved in dilute HCl. The solution is then 
concentrated when hydrated magnesium chloride crystallises 
out. It is dehydrated as described above. 

Mg^+ + Ca{OH)2 -> Mg(OH)2 + Ca^+ 

(Sea water, MgCl2 or MgS04) ppt. 

Mg(GH)2 + 2HCl -—^ MgCl2-6H20 
MgCl2-6H20 —— > MgClj + 6H20t 

HCl(g) dmm 

Finally, the magnesium chloride is dried. The anhydrous 
magnesium chloride is fused with NaCl and anhydrous calcium 



chloride in the ratio of 35 % (MgCl2); 50 % (NaCl) and 15 % 
(CaCl2). The mixture is electrolysed at TOO'^C in presence of 
an inert gas in an electrolytic cell as shown in Fig. 7 . 3 . 

Magnesium is produced at cathcde and chlorine at the anode. 

MgCl2 > Mg + Cl2 

Magnesium being lighter than the fused mass floats on the 
surface from where it is removed periodically by perforated 
ladles. 

The purpose of addition of NaCl and CaCl2 to anhydrous 
MgCl2 is to lower the fusion temperature and make the fused 
mass good conductor of electricity. 

Properties 

Physical Properties : Magnesium is a silvery-white metal. 
It is a light metal. It is fairly hard and is malleable and ductile. 
Its great advantage is its low density ( 1.74 ^cm^), which is 
only two-thirds that of aluminium 2.70 g/cm-. It is sold in the 
form of ribbons or wire. It melts at 650 °C. It is good conductor 
of heat and electricity. 

Chemical Properties : ( 1 ) Reaction with air : Pure 
magnesium metal is a relatively reactive element. It is not 
affected by dry air. It is slowly tarnished in moist air. 

Once magnesium metal has been ignited, it bums vigorously 
in air to form the oxide with bright white light forming a dense 
smoke. 

2 Mg + 02 -> 2 MgO 

3 Mg + N2(Air) - > Mg3N2 

(II) Reaction with water : Magnesium is not affected by 
cold water. It decomposes steam or boiling water with evolution 
of hydrogen. 

Mg + 2H2O —^ Mg(OH)2 + H2 

(III) Reaction with acids: It displaces hydrogen from 
dilute acids. 

Mg + 2 HC 1 -> MgCl2 + H2 

Mg + H2SO4 -^ MgS 04 + H2 

Mg + 2HNO3 -> Mg(N03)2 + H2 

With hot concentrated H2SO4, it evolves SO2. 

H2SO4 -> H2O + SO2 + 0 

Mg + O - > MgO 

MgO + H2SO4 -> MgS04 + H2O 

Mg + 2H2SO4 -> MgS 04 + SO2 + 2H2O 

(iv) Reaction with halogens : Magnesium on heating 
with halogens, readily form halides. 

Mg + X2 -> MgX2 

(X may be F, Cl, Br or I) 

(v) Reducing property : Magnesium acts as a strong 
reducing agent as it has great affinity for oxygen at high 
temperature. It even bums in the atmosphere of CO2, CO, 
SO2, NO, etc. 


Fig. 7.3 An electrolytic cell 
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The following are the causes of diagonal relationship; 

(a) The polarising power of Be^"^ and ions is high. 
Consequently the compounds develop covalent, nature. 

(b) The standard oxidation potential values of both the 
elements are very close to each other. 

(c) The electronegativity values of both the elements are 
the same. 

The similarities in properties are listed below: 

(i) In nature, both the elements occur together in the mineral, 
beryl, 3 Be 0 Al203-6Si02. 

(ii) Both are not affected by atmosphere. 

(iii) They do not decompose water. 

(iv) Both become passive when treated with concentrated 
HNO3. 

(v) Both dissolve in caustic alkalies liberating hydrogen. 

Be + 2 NaOH -> Na2Be02'H- H2 

2 A 1 + 2 NaOH + 2H2O -^ 2NaA102 + 3H2 

Sod. meta 
alurainate 

(vi) Both BeO and AI2O3 are amphoteric in nature. 

BeO + H2SO4 -> BeS04 + H2O 

BeO + 2 NaOH -> Na2Be02 + H2O 

AI2O3 + 6 HC 1 -> 2AICI3 + 3H2O 

AI2O3 + 2 NaOH -> 2NaA102 + H2O 

Oxides are extremely hard, non-volatile and have high melting 
points. 

(vii) The hydroxides are also amphoteric in nature. 

Be(OH)2 + 2 HC 1 -> BeCl2 + 2H2O 

Be(OH)2 + 2 NaOH -> Na2Be02 + 2H2O 

A 1 ( 0 H )3 -h 3 HC 1 -> AICI3 -t- 3H2O 

A1(0H)3 -I- NaOH -> NaA102 -h 2H2O 

The hydroxides are insoluble in water and decompose on 
heating into corresponding oxides. 

Be(OH)2 -> BeO -1- H2O 

2 A 1 ( 0 H )3 -> AI2O3 + 3H2O 

(viii) Beryllium carbide (Be2C) and aluminium carbide (AI4C3) 
both evolve methane on treatment with water. 

Be2C + 2H2O -> 2 BeO + CH4 

AI4C3 + 6H2O -> 2AI2O3 -I- 3CH4 

(ix) Both the metals react with halogens and form halides. 
Chlorides can also be formed in a similar way. 

BeO -H C 4 - CI2 -> BeCl2 -h CO 

AI2O3 -t- 3 C + 3CI2 -> 2AICI3 + SCO 

The halides (except fluorides) are covalent in nature. They 
have low melting points and are hydrolysed by water. They 
dissolve in organic solvents and fume in moist air. The halides 
behave as Lewis acids. 

(x) Beryllium and aluminium both form polymeric covalent 
hydrides. 


(xi) Both combine with nitrogen when strongly heated in 
its atmosphere. 

3 Be + N2 -> BesNz 

2 A 1 + N2 -> 2 A 1 N 

Nitrides on action with water evolve ammonia. 


Be3N2 -t 6H2O -> 3Be(OH)2 + 2NH3 

AIN 4 - 3H2O -> A1(0H)3 4 - NH3 

(xii) Both the metals are obtained by the electrolysis of their 
fused salts in the presence of fluorides. 

(xiii) Be and A 1 ions have sn‘ong tendency to form 
chelate type complexes. Both form fluoride complexes, like 
[BeF4]^’', [A1F6]^“ respectively. 

(xiv) The carbonates of both the metals are unstable. 

(xv) Both the ions give hydrated ions in solution (aqueous) 
like [Be(H20)4]^‘^ and [A1(H20)^]^”^ respectively. 

(xvi) The salts of both Be and A 1 do not impart a colour to ^ 
the flame when heated in it. 



MAGNESIUM 


Occurrence : Magnesium does not occur free in nature. 
The british chemist Humphry Davy discovered the pure element 
magnesium in 1808 . The name magnesium comes from the 
name of the mineral magn^ite. In addition to minerals such 
as magnesite (MgC03), dolomite (MgC03*CaC03), kieserite 
(MgS04H20), epsom salt (MgS04*7H20), camallite 
(KCl*MgCl2‘6H20), asbestos [CaMg3(Si03)4], it is found in 
sea water. However magnesium ion, Mg^"^, is the third most 
abundant dissolved ion in the oceans, after CF and Na"^. The 
oceans, therefore, are a great source for the supply of the 
magnesium ion, from which the metal can be obtained easily. 
It is an essential constituent of chlorophyll, the green colouring 
matter of plants. 

Extraction : it is usually extracted by the electrolysis of 
fused oxide or fused anhydrous magnesium chloride. 

(I) From m^nesite : The magnesite ore (MgC03) is 
calcined into magnesium oxide (magnesia). 


MgC 03 


Heated 

strongly 


MgO 4 - CO2 


Magnesium may be obtained either by electrolysis or by 
thermal reduction of magnesium oxide. The oxide is dissolved 
in a mixture of molten fluorides of magnesium, barium and 
sodium. The electrolysis of molten mixture is done by using 
carbon rods as anodes which suspend in molten mass and cast 
iron rods as cathodes at 650 ^C. On electrolysis magnesium is 
obtained in molten state. 

The thermal reduction of magnesium oxide can be done by 
using reducing agents like carbon, silicon, aluminium or calcium 
carbide. 

MgO + C Mg + CO 
2 MgO + Si - > 2 Mg + Si 02 
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The foUowing are the causes of diagonal relationship j 

(a) The polarising power of and Al^'^ ions is high. 
Consequently the compounds develop covalent.nature. * 

(b) The standard oxidation potential values of both the 
elements are very close to each other. 

(c) The electronegativity values of both the elements are 
the same. 

The similarities in properties are listed below: 

(i) In nature, both the elements occur together in the mineral, 
beryl, 3 Be 0 *Al 203 - 6 Si 02 . 

(ii) Both are not affected by atmosphere. 

(iii) They do not decompose water, 

(iv) Both become passive when treated with concentrated 
HNO3. 

(v) Both dissolve in caustic alkalies liberating hydrogen. 

Be + 2NaOH -> Na 2 Be 02 ^ H 2 

2A1 + 2NaOH + 2 H 2 O -> 2 NaA 102 + SHa 

Sod. meta 
aluminate 

(vi) Both BeO and AI 2 O 3 are amphoteric in nature. 

BeO + H2SO4 -> BeS04 + H2O 

BeO + 2 NaOH -^ Na2Be02 + H2O 

AI2O3 + 6 HC 1 -> 2AICI3 + 3H2O 

AI2O3 + 2 NaOH -> 2NaA102 + H2O 

. Oxides are extremely hard, non-volatile and have high melting 
points. 

(vii) The hydroxides are also amphoteric in nature. 

Be(OH)2 + 2 HC 1 -» BeCl2 -t 2H2O 

Be(OH)2 + 2 NaOH -> Na2Be02 + 2H2O 

A1(0H)3 + 3 HC 1 -> AICI3 + 3H2O 

A1(0H)3 + NaOH -> NaA102 -1- 2H2O 

The hydroxides are insoluble in water and decompose on 
heating into corresponding oxides. 

Be(OH)2 -> BeO + H2O 

2A1(0H)3 -> AI2O3 + 3H2O 

(viii) Beryllium carbide (Be 2 C) and aluminium carbide (AI 4 C 3 ) 
both evolve methane on treatment with water. 

Be2C + 2H2O -> 2 BeO -t CH4 

AI4C3 + 6H2O -> 2AI2O3 -t 3CH4 

(ix) Both the metals react with halogens and form halides. 
Chlorides can also be formed in a similar way. 

BeO -I- C + CI 2 -> BeCl 2 + CO 

AI2O3 + 3 C + 3Cl2 -> 2AICI3 + 3 CO 

The halides (except fluorides) are covalent in nature. They 
have low melting points and are hydrolysed by water. They 
dissolve in organic solvents and fiime in moist air. The halides 
behave as Lewis acids. 

(x) Beryllium and aluminium both form polymeric covalent 
hydrides. 


(xi) Both combine with nitrogen when strongly heated in 
its atmosphere. 

3Be + N 2 -> Be 3 N 2 

2A1 + N 2 -> 2A1N 

Nitrides on action with water evolve ammonia. 

Be 3 N 2 + 6 H 2 O -> 3 Be(OH )2 + 2 NH 3 

AIN + 3 H 2 O —^ A1(0H)3 + NH 3 

(xii) Both the metals are obtained by the electrolysis of their 
fused salts in the presence of fluorides. 

2+ 3+ 

(xiii) Be and A1 ions have strong tendency to form 
chelate type complexes. Both form fluoride complexes, like 
[Bep^] 2 -^ [AlFg]^” respectively. 

(xiv) The carbonates of both the metals are unstable. 

(xv) Both the ions give hydrated ions in solution (aqueous) 
like [Be(H 20 ) 4 ]^"' and [A 1 (H 20 ) 6 ]^'' respectively. 

(xvi) The salts of both Be and A1 do not impart a colour to 
the flame when heated in it. 



MAGNESIUM 


Occurrence : Magnesium does not occur free in nature. 
The british chemist Humphry Davy discovered the pure element 
magnesium in 1808. The name magnesium comes from the 
name of the mineral magnesite. In addition to minerals such 
as magnesite (MgC 03 ), dolomite (MgC 03 »CaC 03 ), kieserite 
(MgS 04 ‘H 20 ), epsom salt (MgS 04 ’ 7 H 20 ), camallite 
(KCl*MgCl 24 H 20 ), asbestos [CaMg 3 (Si 03 ) 4 ], it is found in 
sea water. However magnesium ion, Mg^”^, is the third most 
abundant dissolved ion in the oceans, after CF and Na^. The 
oceans, therefore, are a great source for the supply of the 
magnesium ion, from which the metal can be obtained easily. 
It is an essential constituent of chlorophyll, the green colouring 
matter of plants. 

Extraction : It is usually extracted by the electrolysis of 
fiised oxide or fused anhydrous magnesium chloride. 

(i) From mi^esite : The magnesite ore {MgC 03 ) is 
calcined into magnesium oxide (magnesia). 


^gC03^^Mg0 + C02 


Magnesium may be obtained either by electrolysis or by 
thermal reduction of magnesium oxide. The oxide is dissolved 
in a mixture of molten fluorides of magnesium, barium and 
sodium. The electrolysis of molten mixture is done by using 
carbon rods as anodes which suspend in molten mass and cast 
iron rods as cathodes at 650°C. On electrolysis magnesium is 
obtained in molten state. 

The thermal reduction of magnesium oxide can be done by 
using reducing agents like carbon, silicon, aluminium or calcium 
carbide. 

MgO -H C -^ Mg + CO 

2MgO + Si -> 2Mg -I- Si02 
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3 MgO + 2 A 1 -> 3 Mg + AI2O3 

3 MgO + CaC2 -> 3 Mg + CaO + 2 CO 

The reduction is done at 2000 °C in vacuum. The vapours 
of magnesium are condensed. 

(ii) Electrolysis of anhydrous magnesium chloride: 
Camallite (KCl*MgCl2-6H20) is a hydrated compound. It cannot 
be dehydrated by heating because the water of crystallisation 
reacts chemically with magnesium chloride to form magnesium 
oxychloride and finally magnesium oxide. 


MgCl2-6H20-^^ MgCl2-2H20 
Hexahydrate Dihydrate 


Mg20Cl2 

Oxychloride 


-,MgO 

heated in air 


To make it anhydrous, it is first heated in air and then in a 
current of HCl gas. 

MgCl2-6H20 . > MgCl2 + 6H2O 

® ^ ^ in presence c> ^ ^ 

of HCI gas 

Anhydrous magnesium chloride can also be obtained from 
MgO or sea water. Chlorine is passed over red hot mixture of 
MgO and carbon. 

MgO + C + CI2-^ MgCl2 + CO 

Sea water contains magnesium compounds. It is treated 
with calcium hydroxide when magnesium hydroxide gets 
precipitated. It is dissolved in dilute HCl. The solution is then 
concentrated when hydrated magnesium chloride crystallises 
out. It is dehydrated as described above. 

+ Ca(OH)2 -> Mg(OH)2 + 

(Sea water, MgCb or MgS 04 ) ppt. 

Mg(OH)2 + 2 HC 1 -—> MgCl 2 - 6 H 20 
MgCl2-6H20 ) MgCl2 + 6H2OT 

Finally, the magnesium chloride is dried. The anhydrous 
magnesium chloride is fused with NaCl and anhydrous calcium 



chloride in the ratio of 35 % (MgCl2); 50 % (NaCl) and 15 % 
(CaCl2). The mixture is electrolysed at 700 °C in presence of 
an inert gas in an electrolytic cell as shown in Fig. 7 . 3 . 

Magnesium is produced at cathode and chlorine at the anode. 

MgCl2—+ 

Magnesium being lighter than the fused mass floats on the 
surface from where it is removed periodically by perforated 
ladles. 

The purpose of addition of NaCl and CaCl2 to anhydrous 
MgCl2 is to lower the fusion temperature and make the fused 
mass good conductor of electricity. 

Properties 

Physical Properties : Magnesium is a silvery-white metal. 
It is a light metal. It is fairly hard and is malleable and ductile. 
Its great advantage is its low density ( 1.74 g/cm^), which is 
only two-thirds that of aluminium 2.70 g/cm^. It is sold in the 
form of ribbons or wire. It melts at 650 °C. It is good conductor 
of heat and electricity. 

Chemical Properties : (i) Reaction with air : Pure 

magnesium metal is a relatively reactive element. It is not 
affected by dry air. It is slowly tarnished in moist air. 

Once magnesium metal has been ignited, it bums vigorously 
in air to form the oxide with bright white light forming a dense 
smoke. 

2 Mg + O2 -> 2 MgO 

3 Mg + N2(Air) -> Mg3N2 

(ii) Reaction with water : Magnesium is not affected by 
cold water. It decomposes steam or boiling water with evolution 
of hydrogen. 

Mg + 2H2O -> Mg(OH)2 + H2 

(iii) Reaction with acids : It displaces hydrogen from 
dilute acids. 

Mg + 2 HC 1 -> MgCl2 + H2 

Mg + H2SO4 -> MgS04 + H2 

Mg + 2HNO3 -> Mg(N03)2 + H2 

With hot concentrated H2SO4, it evolves SO2. 

H 2 SO 4 -^ H 2 O + SO 2 + O 

Mg + O -> MgO 

MgO + H2SO4 -> MgS04 + H2O 

Mg + 2H2SO4 -> MgS 04 + SO2 + 2H2O 

(iv) Reaction with halogens : Magnesium on heating 
with halogens, readily form halides. 

Mg + X2 -> MgX2 

{K may be F, Cl, Br or I) 

(v) Reducing property : Magnesium acts as a strong 
reducing agent as it has great affinity for oxygen at high 
temperature. It even bums in the atmosphere of CO2, CO, 
SO2, NO, etc. 


Fig, 7.3 An electrolytic cell 
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2 MgO + C 


2 MgO + S 


2 Mg + CO2 
2 Mg + SO2 
5 Mg + 2 NO 
It reduces oxides of metals and non-metals 
B2O3 3 Mg —> 3 MgO + 2 B 


2 MgO + Mg3N2 


With KCIO3, it bums with explosion 

3 Mg + KC 103 —^ 3 MgO + KCl 


(vi) Formation of Grignard reagent : Magnesium 
dissolves in ether solution of alkyl halides and forms organo- 
metallic compounds known as Grignard reagents. These 
reagents are used in organic synthesis. 


Mg + Rl 



Alkyl magnesium iodide 


(vii) Displacement reactions : Since, magnesium is highly 
electropositive metal, it displaces less electropositive metals 
from their salts solutions. 

Mg'+ 2 AgN 03 -> Mg(N 03)2 + 2 Ag 


(viii) Reaction with FeCla or NH4CI solution : Mag¬ 
nesium dissolves in FeCl3 or NH4CI solution with evolution of 
hydrogen. 

[FeQs + 3H2O -^ Fe(OH)3 + 3 HC 1 ] x 2 

[Mg + 2 HC 1 -> MgCl2 + H2] X 3 


3 Mg + 2FeCl3 + 6H2O —^ 3MgCl2 + 2 Fe(OH) 3 +3H2 
Mg + 2NH4CI -> MgCl2 + 2NH3 + H2 


Uses 

(i) It is used for the extraction of boron and silicon. 

(ii) Magnesium ribbon alongwith barium peroxide is used as 
ignition mixture in aluminothermite process, 

(iii) Magnesium powder mixed with potassium chlorate is 
used in flash bulbs for photography. 

(iv) It is used for making Grignard reagents. 

(v) It is employed as a deoxidiser in metallurgy and for the 
removal of last traces of air from radio-valves. 

(vi) Large quantities of magnesium oxide are used in animal 
feed supplements because magnesium ion is an important 
nutrient for animals. The ion is also important for human 
nutrition. 

(vii) Magnesium metal is also used as a reducing agent in the 
manufacture of titanium and zirconium from their tetra¬ 
chlorides. 

Z1CI4 + 2 Mg-> Zr + 2MgCl2 

(viii) Most commercial aluminium metal contains some 
percentage of magnesium, which improves the hardness and 
corrosion resistance of the aluminium. 


(ix) Its alloys, however, contain aluminium and small 
quantities of other metals to impart both strength and corrosion 
resistance. Magnesium alloys are used to make automobile, 
aircraft parts, as well as power-tools. The important alloys 
are: 


Magnalium 


95% A1 I Used in the construction of airships, 

5 % Mg I balances and pistons of motor engines. 


Electron metal 


95 % Mg 
4 . 5 % Zn 
0 . 5 % Cu 


Used in the construction of air-crafts. 


Duralumin 


95 % Al ^ 
0 , 5 % Mg ^ 
0 . 5 % Mn ^ 
4 %Cu . 


Its strength and toughness is comp¬ 
arable with mild steel. It is used for 
making airships. 


COMPOUNDS OF MAGNESIUM 

^ 1. Magnesium Oxide, MgO, (Magnesia) 

Preparation : It can be prepared by following reactions. 

2 Mg + O2 —.> 2 MgO 

Mg(OH)2 MgO -1- H2O 

2 Mg(N 03)2 . : . ' ) 2 MgO -t 4 N 02 O2 

MgC03 ) MgO + CO 2 , 

Properties : It is a light infusible white powder. It fuses 
at 2800 '^C. It is quite stable at high temperature and is a good 
thermal insulator. It is slightly soluble in water and forms 
magnesium hydroxide. 

MgO + H2O -^ Mg(OH)2 

It is basic in nature. It reacts with acids to form corres¬ 
ponding salts. 

MgO + 2 HC 1 -> MgCla + H2O 

MgO + H2SO4 -> MgS 04 + H2O 

It is reduced by carbon at very high temperature. 

MgO + C -> Mg + CO 

Magnesium oxide when mixed with, a saturated solution of 
magnesium chloride sets to a hard m^s like cement known as 
magnesia cement or Sorel cement The composition is 
MgCl2.5MgO.xH2O. 

Uses: It is used: 

(i) in medicine as antacid. 

(ii) refractory bricks for furnaces. 

(iii) as an insulator when mixed with asbestos for lagging 
steam pipes and boilers. 

(iv) as an adsorbent in the manufacture of dynamite and in 
the vulcanization of rubber. 

(v) for making Sorel cement which is employed in dental 
filling, in cementing glass and porcelain, in plaster casting, etc. 
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is 2. Magnesium Hydroxide, Mg(0H)2 

Preparation: It is prepared by dissolving magnesium 
oxide in water or by treating magnesium salt with an alkali. 

MgO + H2O -^ Mg(OH)2 

MgCl2 + Ca(OH)2 -> Mg(OH)2 + CaCl2 

MgCla + 2NaOH -> Mg(OH )2 + 2NaCl 

Properti^ : It is a white powder. It is sparingly soluble 
in water. It is basic in nature and forms salts with acids. It 
decomposes on heating. It readily dissolves in strong solution 
of NH4CL 

Mg(OH)2 + 2NH4CI ^ MgCl2 + 2NH40H 
Uses t A suspension of Mg(OH)2 in water is used in 
medicine as an antacid under the name, milk of magnesia, 
because the magnesium hydroxide reacts to neutralize excess 
of hydrochloric acid present in the stomach. 

n 3. Magnesium Carbonate, MgCOs 

It is found in nature as magnesite (MgC03) and dolomite 
(MgCOa-CaCOa). 

Preparation : It can be prepared by adding sodium 
bicarbonate to a hot solution of magnesium salt. 

MgS04 + 2NaHC03 MgC03 + Na2S04 + H2O + CO2 
The magnesium carbonate cannot be obtained by the 
addition of sodium carbonate to the solution of magnesium 
salt. A white precipitate of a basic carbonate of composition 
3MgC03 Mg(0H)2-3H20 is obtained. It is known as magnesia 
alva. It is suspended in water and CO2 is passed when mag¬ 
nesium bicarbonate known as fluid magnesia is formed. 

The solution is boiled when normal magnesium carbonate 
separates out. 

2MgS04 + 2Na2C03 -1- H2O-> 

MgC 03 -Mg( 0 H )2 + 2 Na 2 S 04 + CO2 

MgC03 Mg{OH )2 + 3CO2 + H2O-> 2Mg(HC03)2 

Mg(HC03)2 -> MgC03 + CO2 + H2O 

Properti^ ; It is a white powder, insoluble in water. It 
dissolves readily in water containing excess of carbon dioxide. 

MgC03 + CO2 + H2O -> Mg(HC03)2 

It dissolves in acids forming salts with evolution of CQ2. 

MgC 03 + 2 HC 1 -> MgCl 2 + H2O + CO2 

MgC03 + H2SO4 -> MgS 04 + H2O + CO2 

On heating, it decomposes with evolution of CO2* 

MgC03 -> MgO + CO 2 

It forms double carbonates with alkali carbonates. 

MgCOj + Na 2 C 03 -> Na 2 Mg(C 03)2 

Soluble 

Uses : It is used: 

(i) as a filler for paper, rubber and pigments. 
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(ii) in the form of basic magnesium carbonate {magnesia 
alva) for making tooth powders, cosmetics and in medicine as 
antacid. 

(iii) in the form of magnesite as a refractory material. 

(iv) in glass manufacture, ceramics and inks. 

B 4. Magnesium Chloride, MgCl2.6H20 

It occurs as mineral camallite, KCl*MgCl2-6H20 and 
bischofite, MgCl2‘H20. It is found in sea water, mineral springs, 
etc. 

Prepamtion ; (a) It is extracted from camallite mineral. 
The mineral is fused and cooled to 176 ®C when whole of KCl 
is deposited while MgCl2*6H20 remains in the fused state. 

(b) It can also be obtained by dissolving Mg, MgO,Mg(OH)2 
or MgC03 in dilute hydrochloric acid. 

The preparation of anhydrous magnesium chloride has 
already l^en described in the extraction of magnesium. 

Properties : It is a colourless crystalline solid, highly 
deliquescent and highly soluble in water. It is the starting material 
for various magnesium compounds. 

HCIgas Electrolysis 

-► MgCia-7^ Mg 

heated Anhydrous presence 
of NaCI 


Ca(OH )2 . Heat 

Camallite-► MgCl2'6H20 -► Mg(OH )2 -► MgO 



Magnesium 

pyrophosphate 

Uses : It is used : 

(i) for making Mg, MgO and other magnesium compounds. 

(ii) for making Sorel cement. 

(iii) in lubrication of cotton threads for spinning. 

(iv) in the preparation of xylotite which is used as covering 
for floors, laboratory tables, etc. 

^ 5. Magnesium Sulphate, MgS04*7H20 

It occurs in nature as minerals kieserite (MgS04 H20), 
epsom salt (MgS04-7H20) and kainite (KCl MgS04-3H20). 

Preparation: It is formed by reacting magnesite (MgC03) 
or dolomite with dilute sulphuric acid. 

MgC03 + H2SO4 —> MgS04 '+ H2O + CO2 
MgCOs-CaCOs + 2H2SO4 MgS04 + CaS04 + 2CO2 + 2H2O 

Dolomite (Insoluble) 
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It is commercially prepared by boiling kieserite mineral in 
water. The crystals are obtained when the solution is cooled. 

MgS 04 H 20 + 6 H 2 O -> MgS04-7H20 

Properties: It is a colourless crystalline compound, 
soluble in water. The crystals are efflorescent and bitter in 
taste. It is isomorphous with ZnS04‘7H20. It forms double 
sulphates with alkali metal sulphates, K2S04*MgS04*6H20 
(Schonite). 

Heating effect: When heated to ISC^C, it changes to 
monohydrate. On further heating, it becomes anhydrous at 
200 ‘^C. On strong heating, it decomposes into MgO. 

MgS04'7H20-^^^MgS04-H20^22!£^MgS04’ 

heating 

MgO + SO2 + 2 ^2 

Magnesium sulphate is reduced by lampblack at SOO'^C. 
2 MgS 04 + C -> 2 MgO + 2SO2 + CO2 

Uses: It is used : 

(a) as fertilizer. 

(b) as a laxative, and analgesic in medicine. 

(c) as a filler for paper. 

(d) as a mordant in dyeing and tanning industry. 

(e) in the manufacture of paints and soaps and in fire¬ 
proofing fabrics. 



CALCIUM 


Occurrence : Calcium is a common element. In die combined 
state it is widely distributed in nature. Calcium is a rather 
abundant element specially in the form of its carbonate, CaC03. 
This single compound takes on many different forms in nature 
appearing as chalk, limestone, marble, or crystalline calcite 
and aragonite under different geological circumstances. 


their calcium carbonate skeletons eventually form enormous 
coral reefs in warm water. It occurs as: 

(i) Carbonate —^Limestone, marble, chalk, Iceland spar and 
calcite as CaC03 and dolomite as MgC03CaC03. 

(il) Sulphate —Gypsum CaS04*2H20 and anhydrite 
CaS 04 . 

(iii) Fluoride —^Fluorspar CaF2, 

Fluorapatite 3Ca3(P04)2*CaF2. 

(iv) niCKsphate—^Phosphorite Ca3(P04)2. 

It is present in natural water and causes hardness in water. 
It is an essential constituent of bones and teeth. Egg and sea- 
shells contain calcium carbonate. 

Extraction : Calcium is obtained by electrolysis of a fused 
mass consisting six parts calcium chloride and one part calcium 
fluoride at about 700 '^C in an electrolytic cell made of graphite 
which acts as anode and a water cooled cathode of iron which 
is suspended from the top in the fused mass. On passing 
current, calcium is discharged at cdthode. It gets solidified as 
cathode is water cooled. 

CaCl2 ^ + 2 Cr 


At anode ; 
At cathode : 


2cr 

Ca^'^+ le ■ 


CI 2 + 2e 
Ca 


Water in 


► Water out 

finnnp— 

' Steel cathode 
(water cooled) 



Graphite anode 
(cell fining) 


Melt 
(fused calcium 
chloride, calcium 
fluoride) 





Fig. 7.4 Calcium carbonate (CaCOa) occurs in two crystalline 
forms : calcite (a) and aragonite (b). Limestone is an 
aggregate of small crystals 


It is present in the earth’s crust as silicates, which weather 
to give free calcium ion Ca"^. The ion is about as abundant in 
sea water as magnesium ions. Calcium ion is an important 
nutrient for living organisms. Seashells are principally calcium 
carbonate. Corals are marine organisms that grow in colonies; 


Fig. 7J Electrolytic extraction of calcium 

Since metallic calcium is soluble in fused CaCl2 at electrolysis 
temperature, it should be removed as soon as it is deposited. 
This is achieved by raising the cathode during electrolysis so 
that only the extreme tip of the deposited cathode remains in 
contact with the fused CaCl2. 

(Note : Na or K is obtained by doing electrolysis of fused NaOH or 
KOH respectively but calcium cannot be obtained in the same 
manner as Ca(OH )2 decomposes into CaO (quick lime) which 
is difficult to fuse.] 

l^peilies: (i) It is a silvery white metal. It is malleable 
and ductile. It is good conductor of heat and electricity. Its 
specific gravity is 1 . 5 . 

(ii) On exposure, it is covered with a white powder consisting 
Ca(OH)2 and Ca3N2. It bums in air forming quick lime (CaO) 
and calcium nitride (Ca3N2). It decomposes water evolving 
hydrogen. 
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2 Ca + O2- > 2 CaO 

3 Ca + N2->Ca3N2 

Calcium reacts gently with water at room temperature to 
produce hydrogen and calcium hydroxide. 

Ca + 2H2O-> Ca(OH)2 + H2 

(iii) It has affinity for non-metals. 

2 Ca + O2- > 2 CaO (Calcium oxide) 

Ca + H2 > CaH2 (Calcium hydride) 

Ca + CI2 > CaCl2 (Calcium chloride) 

Ca + 2 C > CaC2 (Calcium carbide) 

3 Ca + N2 > Ca3N2 (Calcium nitride) 
Ca + S-> CaS (Calcium sulphide) 

(iv) It reacts violently with acids evolving hydrogen. 

(v) It reduces many metal oxides. 

Cr203 + 3 Ca -> 2 Cr + 3 CaO 

V2O5 + 5 Ca -> 2 V + 5 CaO 

(vi) When heated in atmosphere of CO2, it forms calcium 
carbide and calcium oxide. 

5 Ca + 2C02^^ CaC2 + 4 CaO 

(vii) It dissolves in liquid ammonia. On evaporation, calcium 
ammoniate is formed. 

Ca + 6NH3 -> Ca(NH3)6 

On heating Ca(NH3)6, calcium amide is first formed which 
then changes into nitride. 

Ca(NH 3 ) 6 ^^ Ca(NH 2 ) 2 + 4 NH 3 T + H 2 t 
3Ca(NH2)2 > Ca 3 N 2 + 4 NH 3 

Uses : (i) It is used as a deoxidiser for copper, cast iron 

and steel. 

(ii) It removes sulphur during petroleum refining. 

(iii) The metal is used in preference to sodium for the 
removal of last traces of water from alcohol as it does not 
react with alcohol. 

(iv) It is also used as a reducing agent. 

COMPOUNDS OF CALCIUM 
^^1. Quick Lime, CaO 

Limestone, CaC03 found in nature is the starting material of 
almost all the compounds of calcium. Calcium oxide (CaO) is 
also called quick lime or burnt lime. It is obtained on large 
scale by heating limestone (CaC03) in specially designed kilns 
(Fig. 7 . 6 ). The decomposition of calcium carbonate is a reversible 
process. 

CaC03 CaO + CO2 

The reaction moves towards right hand direction if CO2 
formed is immediately removed from the kiln by allowing a 
blast of air to enter the kiln through fire boxes. The temperature 
for the decomposition of limestone should be near about 1000 °C 
otherwise at higher temperature, the clay present in the 
limestone as impurity will react with it to form silicate. 



Fig, 7.6 Continuous vertical lime kiln with separate feed 

Calcium oxide is a white amorphous solid. It is the cheapest 
form of alkali. It has a melting point of 2870 K. On exposure 
to atmosphere, it absorbs moisture and carbon dioxide. 

CaO + H2O-> Ca(OH)2 

CaO + CO2-> CaC03 

Being basic in nature, it combines with acidic oxides at high 
temperature. 

CaO + Si02-^ CaSi03 

6CaO + P4O1Q-> 2Ca3(P04)2 

Slaked lime, Ca(OH)2(s) and 
lime water, Ca(OH)2(aq) 

Lime is sparingly soluble in water. When water is added to 
lime, a hissing sound is produced alongwith clouds of steam. 
In this process a large amount of heat energy is given out. The 
lime cracks with the formation of a powder called slaked lime 
[Ca(OH)2]. 

CaO + H2O --> Ca(OH)2 + Heat energy 

Quick lime Slaked lime 

The process is known as slaking of lime. The paste of 
lime in water is called milk of lime while the filtered and clear 
solution is known as lime water. Chemically both are 
Ca(OH)2. 

Limestone Quick lime > Slaked lime 

(CaC03) (GaO) [Ca(OH)2] 


Suspension < - Suspended in water 

(Milk of lime) I Filter 

Ca(OH)2 

Clear solution 

(Lime water) 
Ca(OH)2 
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Properties : It is a white amorphous powder and is 
sparingly soluble in water. When CO2 is passed through lime 
water, it turns milky due to the formation of calcium carbonate. 
On passing excess of CO2, the precipitate dissolves forming 
calcium bicarbonate, Ca(HC03)2« 

Ca(0H)2 + CO 2 -> CaCOs + H 2 O 

Insoluble 

CaCOs + H2O + CO2-> Ca(HC03)2 

Soluble '■ ^ 

This reaction, with its formation of milky precipitate, is the 
basis of a simple test for carbon dioxide. 

It reacts with CI2 to form bleaching powder. 

2Ca(OH)2 +2CI2-» CaCl2 4- Ca(OCl)2 + 2H2Q 

, .. . Bl^ehing pow^c .. , 

or Ca(Ol 4)2 + CI2 —^ CaOCl2 “t* tl20 

' ' . - ' ‘Bleaching poWder 

■ Uses 

Quick lime is a commercial compound being used in various 
chemical industries as caustic soda, in the purification of sugar, 


manufacture of dye stuffs, bleaching powder, calcium carbide, 
calcium salts, mortar, cement, glass, etc. 

Other uses of quick lime : (i) As it has high melting 

point ( 2600 '^C), it is used for furnace linings. 

(ii) It is used as a basic flux in metallurgy as it combines 
with acidic impurities. 

CaO + Si02 —^ CaSiOs 

(iii) It is used as a disinfectant and germicide, as a drying 
agent for ammonia and alcohol. 

(iv) It is employed for the purification of coal gas and 
softening of water. 

(v) In the construction of buildings slaked lime is mixed 
with three to four times its weight of sand. The mixture is 
made into a thick paste with gradual addition of water. This 
paste is called brick laying mortar and is used in building 
construction. It sets to a hard mass by loss of water and 
gradual absorption of CO2 from the air. Sometimes coal ash is 
mix^ with lime instead of sand. A mortar obtained from 
hydraulic lime is called hydraulic mortar. It has greater strength 
and is used for construction of bridges. 


►+ Coke 


Heated in electric 


C2H2 Acetylene 


►CaC. 


CaO 

Quick lime 


HoO 


Slaking with 
NaOH solution 


furnace at 200Cf C 
(CaO + 3 C CaC2 CO) 




CaCN2 C 

NItroiim 

(Fertilizer) 


HpO 


NHo 


^Ca(OH)2 

Slaked 

lime 



NH3 (Ammonia) 

Milk of lime (White washing) 

Lime water (for the detection of CO2) 


Sodaiime 

(A mixture of Ca(OH)2 and NaOH) 
good absorbent for number 
of gases 


Bleaching powder 
Ca(OH)2 + CI 2 -->CaOCl2 + H 2 O 

NaOH (Caustic-soda) 

1 Part + 3 or 4 parts + Water 

Slaked silica 
lime 

Mortar 

(Building material) 


FLOW CHART DIAGRAM FOR THE PROPERTIES OF QUICK LIME 


- 2. Calcium Carbonate, C3CO3 

Limestone is one of the most important raw material for the 
chemicals and building industries. It is found in nature in huge 
quantities in various forms such as.lTOeatone, ,marhl^.:Ch^, 
etc. 

Infact calcium carbonate is the second most abundant material 
in the earth’s crust after silicate like clay, sand and sandstone. 


Chalk is the softest form of calcium cartonate. Deposits of 
chalk have formed from the shells of dead sea creations that 
lived million of years ago. In some places the chalk covered 
with other rocks and put under great pressure. This changed 
the soft chalk into harder rock-limestone. In other places the 
chalk was under pressure and heat. This changed the soft 
chalk into marble, the hardest form of calcium carbonate. 
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It can be obtained by passing carbon dioxide through lime 
water dr by adding sodium carbonate solution to CaCl2. 

Ca(0H)2 + C02 -^ CaC03 + H20 

CaCl2 + Na2C03 -> CaCOs + 2 NaCl 

The precipitate of CaC03 thus obtained is known as 
precipitated chalk, a pure form of the finely divided 
compound. 

It is a white powder, insoluble in water. It dissolves in 
presence of CO2 due to formation of calcium bicarbonate. 
CaC 03 + H 2 O + CO 2 -> Ca(HC 03)2 

Uses : (i) Precipitated chalk is used in tooth pastes, tooth 
powders, and face powders, in medicine for indigestion, in 
adhesives in cosmetics and as a filler for paper. 

(ii) ChaUc is used in paints and distempers. 

(iii) Marble is used, (a) for building purposes, (b) in the 
production of CO2 in laboratory. 

(iv) Limestone is used, (a) in the manufacture of quick lime, 
slaked lime, cement, washing soda and glass, (b) as a flux in 
the smelting of iron and lead ores. 


H 3. Caldum Sulphate, CaS 04 . 2 H^ (Gypsum) 


It is found in nature as anhydride (CaS04) and gypsum 
(CaS04-2H20). 

It can be prepared by reacting any calcium salt with either 
sulphuric acid or a soluble sulphate. 

CaCl2 + H2SO4 ——> CaS 04 + 2 HC 1 
CaCl2 + Na2S04 -> CaS04 + 2 NaCl 

Fropertks; (i) It is a white crystalline solid. It is sparingly 
soluble in water and solubility decreases as temperature 
increases. 

(ii) It dissolves in dilute acids. It also dissolves in 
ammonium sqlphate due to the formation of double sulphate, 
(NH4)2S04‘CaS04*H20. 

(iii) Gypsum when heated first changes from mono- 
clinic form to orthorhombic form without loss of water. At 
120 ®C, it loses three-fourth of its water of crystallisation 
and forms hemihydrate, (2CaS04'H20) which is commonly 
known as plaster of Paris. At 200 °C, it becomes anhydrous. 
The anhydrous form is known as burnt plaster or dead 
plaster. 

2 [CaS 04 . 2 H 20 ][ 2 CaS 04 -H 20 ]+ SHiO 

[2CaS04 H20] 2CaS04 + H2O 

When strongly heated, it decomposes to give calcium 
oxide. 

2CaS04_5H2!!l!^ 2 CaO + 2SO2 + O2 

heated 


CaS04.2H20 

Gypsum 

(monoclinio) 


t 


Heated 


CaSO,. 2 Hj 0 ^ 5 ^^ 

(Orthorhombic) 


‘2CaS04.Hg0- 
Plaster of Paris 


200° C 


CaS04 


Anhydrous 
^Jurnt plaster) 


H2O 


HgO 


Strongly 

heated 


(iv) A suspension of gypsum when saturated with ammonia 
and carbon dioxide forms ammonium sulphate, a nitrogenous 
fertilizer. 

2NH3 + CaS04 + CO2 + H2O—^ (NH4)2S04 + CaC03 

(v) When strongly heated with carbon, it forms calcium 
sulphide. 

CaS04 + 4 C 7—> CaS + 4 CO 
Uses : It is used: 

(i) for the manufacture of plaster of Paris, cement, 
ammonium sulphate, sulphuric acid, etc. 

(ii) for preparing blackboard chalk. 

(iii) in anhydrous form as drying agent. 

^ 4 . ni»ter of Paris, 2 CaS 04 .H 20 

(Calcium sulphate hemihydrate) 

Preparathm : It is obtained when gypsum, calcium 
sulphate dihydrate (CaS04-2H20), is heated at 120 °C. 

2[CaS04-2H20] -> 2CaS04H20 + 3H2O 

Calcium sulphate dihydrate Calcium sulphate 
(Gypsum) hemihydrate 

(Plaster of Paris) 

: (i) Plaster of Paris is a white powder. 

(ii) It has the property of setting to a hard mass when a 
paste with water is allowed to stand aside for sometime. Slight 
expansion occurs during the setting as water is absorbed to 
reform CaS04-2H20 (gypsum). The setting process is exother¬ 
mic. The process of setting takes place in two stages. In the 
first stage, there is conversion of plaster of Paris into 
orthorhombic form of gypsum (setting step) and in the second 
stage orthorhombic form changes into monoclinic form 
(hardening step). 

2CaS04 H20 . CaS04-2H20 ) CaS04-2H2O 

Plaster of Paris ” Orthorhombic MonocUnic 

The setting of plaster of Paris may be catalysed by sodium 
chloride while it is retarded by borax or alum. Addition of alum 
to plaster of Paris makes the setting very hard. The mixture is 
known as Keene cement 

(iii) When plaster of Paris is heated at 200 ''C, it forms 
anhydrous calcium sulphate which is known as dead plaster. 
It has no setting property as it takes up water only very slowly. 

Uses : It is used : 

(i) in surgery for setting broken or dislocated bones. 

(ii) in making casts for statues, toys, surgical instruments, 
etc. 

(iii) in making casts in dentistry. 

(iv) in making blackboard chalk. 

a 4 . Portlaml ewtient 

Portland cement is one of the most important building 
materials at the present time. It is used in the construction of 
buildings, roads, bridges, dams, etc. It was discovered, in 


Og + SOg 4 - GaO ■ 
(lime) 
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1824 , by an English Mason, Joseph Aspdin who observed that 
when strongly heated mixture of limestone and clay was mixed 
with water and allowed to stand, it hardened to a stone-like 
mass which resembled portland rock^—a famous building stone 
of England. Since then the name portland cement has been 
given to a mixture containing high percentage of lime with 
silica, iron oxide, alumina, etc. 

Cement is a dirty greyish heavy powder containing calcium 
aluminates and silicates. The silicates and aluminates which 
form more than 90 % of the cement are: 

(i) Tricalcium silicate 3CaO’Si02 

(ii) Dicalcium silicate 2Ca0*Si02 

(iii) Tricalcium aluminate SCaO-AI2O3 

(iv) Tetracalcium alumino-ferrite 4Ca0‘Al203-Fe203 


Of these, tricalcium silicate is most important. 

Cmnposittm of portland eemtnt : The approximate 
composition of portland cement is given below: 


Oxide 


Percentage by mass 

Lime (Calcium oxide) 

(CaO) 

61.699& 

Silica 

(SiOa) 

18.24% 

Alumina 

(AI2O3) , 

4~8% 

Ferric oxide 

(Fe203) 

1-8% 

Minor oxides 

(MgO, NajO, 
K2O, SO3) 

2-4% 


The essential constituents are lime, silica and alumina. These 
are generally kept in the following ratio: 


% Silica 
%Al203 


23 ^ 4.0 



%CaO 

% Si02 + % AI2O3 + % Fe203 


1 . 9 - 2.1 


The cement containing no iron is white. 

Raw materials : The important raw materials needed for 
the manufacture of cement are: 


(i) Limestone—^This provides lime. 

(ii) Clay—^This provides alumina and silica. 

(iii) Gypsum, (CaS04'2H20). 

MittliifKtiire : There are two processes in use for the 
manufacture of cement (i) Dry process and (ii) Wet process. 

Dry process; The process is used when limestone is 
hard in nature. The limestone is first broken into small pieces. 
It is then mixed with clay in proper proportions. The mixture 
is finally pulverised to such an extent that it passes through a 
100 mesh sieve. This homogeneous mixture is known as raw 
meal 


Wet proceis : The process is used when limestone and 
clay both are soft in nature. The clay is washed with water in 
wash mill to remove foreign materials like flint. The powdered 
limestone is mixed with clay paste in the ratio of 75 % (limestone) 
and 25 % (clay). The mixture is finely ground and made 
homogeneous. The homogeneous paste is known as slurry. It 
contains 40 % (approximately) water. 


CiddnrthNi in rotary kiln : This step is mainly respon¬ 
sible for the formation of cement. The heating of raw meal 
(dry process) or slurry (wet process) is done in a rotary kiln 
at a very high temperature 1400 - 1600 ‘^C. The kiln consists of 
a long cylinder 6 to 10 feet in diameter and 100 to 250 feet in 
length. It is made of steel and lined inside with fire bricks 
(Fig. 7 . 7 ). 



Fig. 7.7 


The charge (raw meal or slurry) is introduced in the kiln 
with the help of a screw conveyer. It moves forward with the 
rotary motion given to the kiln. The charge is heated by burning 
coal dust which is blown in from the other side with the help 
of a blower. In the upper portion of the kiln, the temperature 
is about 750 '^C where whole of moisture is eliminated. In the 
middle portion, the temperature is about lOOO^C. The limestone 
decomposes with evolution of CO2. At the lower end, the 
temperature is 1600 °C. The following reactions occur: 

CaCOs-> CaO + CO2 

2 CaO + Si02 —^ 2Ca0'Si02 
3 CaO + Si02 —^ 3 CaO Si02 
3 CaO + AI2O3-> 3Ca0'‘Al203 

4 CaO + AI2O3 + Fe203-> 4Ca0*Al203*Fe203 

The product formed is technically called as clinker. It is 
cooled and mixed with 2 or 3 % of its weight of gypsum. It is 
then ground to an exceedingly fine powder. The powder is 
packed in air tight bags. 

The purpose of the addition of gypsum (CaS04'2H20) is to 
increase the setting time of the cement. 

Settfaig of ceniMt: When cement is mixed with water 
and left as such for some time, it becomes a hard mass. This 
is known as setting of cement. The exact mechanism of this 
setting process is not known. It is believed that various 
aluminates and silicates present in the cement form hydrates 
with water which separate in the form of gel 

3 Ca 0 Al203 + 6H2Q ) 3 Ca 0 Al203-6H20 

Colloidal gel 
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2Ca0Si02 + XH2O- 


HydratiGii.i 


^■2Ca0Si02xH20 

Colloidal gel 
Hydration 


4Ca0Al203Fe203 + 6H2O- 

3Ca0Al203-6H20 + Fe 203 Ca 0 
Colloidal gel 

At the same time some Ca(OH)2 and Al(OH)3 are formed 
as precipitates due to hydrolysis. 

Hydrolysis 


3Ca0Si02 + H2O- 


->Ca(OH)2 + 2Ca0Si02 


3Ca0-Al203 + 6H2O ) 3Ca(QH)2 + 2A1(0H)3 

Gypsum combines with tricalcium aluminate to form calcium 
sulpho-aluminate. 

3 Ca 0 Al203 + 3CaS04+2H20^ 3 CaO Al203*3CaS04-2H20 
This reaction slows down the setting. 

The gels formed start losing water partly by evaporation 
and partly by forming hydrates with unhydrated constituents. 
This results in the formation of a hard mass. Ca(OH)2 binds 
the particles of calcium silicate together, while Al(OH)3 fills the 
interstices resulting in hardening the mass. 

Setting of cement is an exothermic process. Hence, cement 
structures have to be cooled during setting by sprinkling water. 

Concrete; A mixture of cement, sand, gravel or small 
pieces of stone and water is known as concrete. It sets to an 
exceedingly hard structure. It is mainly used for construction 
of floors. If the cement concrete is filled in and around a wire 
netting or skeleton of iron rods and allowed to set, the resulting 
structure is known as reinforced concrete. These structures 
have great strength and are used for construction of roofs, 
bridges, etc. 

Cement industry in India : Cement industry was started 
in India with the establishment of first factory in 1904 in Tamil 
Nadu. India is, at present, one of top ten cement producing 
countries in the world. There are about 60 cement factories in 
public and private sectors producing near about 2.5 crore tons 
cement annually. 


7.al COMPOUNDS OF BARIUM 


Preparation : Barium is found in nature mainly in the form 
of sulphate, BaS04, called barytes or heavy spar. Barytes is a 
source for the preparation of various compounds of barium 
which are of industrial importance. 

The natural barytes is ground, mixed with coke and the 
mixture is heated in a rotary kiln, barium sulphate is reduced 
to barium sulphide. 

BaS04 + 4 C ^BaS + 4 CO 

The kiln clinker is extracted with water. The solution is 
treated with sodium carbonate to precipitate barium carbonate. 

BaS + NajCOs -^ BaCOs + Na2S 

ppt. 

Barium carbonate is used further for barium compounds 
and the filtrate is concentrated for sodium sulphide crystals, 


Na2S-9H20. Barium carbonate cannot be decomposed by heat. 
It is mixed with carbon and heated in a furnace to form barium 
oxide. 

BaCOa + C -> BaO + 2 CO 

The barium oxide when heated at 540 °C in purified air is 
oxidised to barium peroxide. 

540°C 

2Ba0 + 02^->2Ba02 

Barium carbonate is used for the preparation of other salts 
as acetate, chloride and nitrate. 

BaCOa + 2CH3COOH-> (CH3COO)2Ba + CO2+H2O 

BaC 03 + 2 HC 1 -> BaCla + CO2 + H2O 

BaC03 + 2HNO3-> Ba(N03)2 + CO2 + H2O 

When barium carbonate is heated to red heat in a current of 
steam, barium hydroxide is formed with evolution of carbon 
dioxide. ^ • 

BaC 03 + H 2 O-^ Ba(OH)2 + CO 2 

Barium chlorate, Ba(C103)2 can be prepared by the action 
of chlorine on barium hydroxide solution (hot and concentrated). 
Barium chlorate being less soluble, separates out. 

6Ba(OH)2 + 6Cl2^-> Ba(Cl03)2 + SBaCla + 6H2O 



Us^ : Uses of barium compounds: 

(i) BaO is an excellent drying agent especially for organic 
bases like pyridine. 

(ii) Ba02 is used in the preparation of H2O2 and ignition 
mixture used in therrnite process. It is also used as an oxidising 
agent. 

(iii) Ba{OH)2 is used for the preparation of a standee! alkali 
solution for titrating acids. 

(iv) BaCl2 is used as a laboratory reagent for the test of 
sulphate radical. 

(v) Ba(C103)2 is used for producing green fire and for the 
preparation of chloric acid. 
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(vi) BaS04 is used as a white pigment either as such or 
mixed with zinc sulphide under the name of lithopone (BaS04 
+ ZnS). It is also used as a filler in rubber and paper industry. 

(vii) Barium titanate (BaTi03) is piezoelectric, which means 
that it becomes electrically charged when it is mechanically 
distorted. This property leads to its use for underwater sound 
detection, in which a mechanical vibration is converted into an 
electrical signal. 


Example 1* Explain the following: 

(i) Beryllium chloride fumes in air 

or 

Beryllium chloride is acidic when dissolved in water 

(ii) Barium ion, Ba^^, is poisonous, yet BaS 04 is given to 
patients prior to taking stomach X-ray Why is it safe to use 
BaSO^ internally? 

{Hi) Alkaline 
alkali metals. 

(iv) Alkaline earth metal salts are diamagnetic in nature. 

(v) Magnesium oxide is used as a refractory material 

Solution: 

(i) BeCl2 undergoes hydrolysis being a salt of a weak base 
and a strong acid. Fumes of HCl gas are evolved in presence 
of moisture in atmosphere. 

or 

When dissolved in water, strong acid HCl is formed in 
solution. 

BeCla + 2H2O -> Be(OH)2 + 2 HC 1 

(ii) BaS04 is extremely insoluble and does not pass from 
digestive system into the circulatory system. 

(iii) Alkaline earth metals have high values of atomisation 
and ionisation potentials in comparison to alkali metals. The 
oxidation potentials have lower values than alkali metals and 
hence, alkaline earth metals are weaker reducing agents. 

(iv) The ions of alkaline earth metals, have inert gas 
configuration, Le., all the orbitals are doubly occupied. 

Hence, alkaline earth metal salts are diamagnetic in nature. 

(v) MgO has very high melting point and does not decompose 
as its lattice energy is very high. It is, thus, used as refractory 
material. 

Example 2. Give reasons for the following: 

(0 Solubility of the sulphates of alkaline earth metals 
decreases from top to bottom in the group. 

(ii) Solubility of hydroxides of alkaline earth metals Increases 
from top to bottom in the group. 

. (Hi) Sodium chloride is added during electrolysis of fused 
anhydrous MgCl 2 - 

(iv) Alkaline earth metal salts are less soluble than the 
corresponding alkali metal salts. 


(viii) When barium hydroxide octahydrate, Ba(0M)2*8H20, 
and ammonium thiocyanate, NH4SCN, are ground together, 
one moderately, endothermic reaction takes place. An endo¬ 
thermic reaction absorbs heat. The reaction mixture becomes 
so cold that moisture from the air forms a layer of frost on the 
outside of the beaker. 

Ba(OH)2*8H20 + 2NH4SCN-> Ba(SCN)2 + 2NH3 + IOH2O -Heat 


(v) Beryllium oxide is insoluble but BaO is soluble. 

(vO BeCl 2 can be easily hydrolysed. [LLT 1999 ] 

Solution: 

(i) Lattice energies of the sulphates are nearly the same. The 
size of sulphate ion is large and small changes in cation size do 
not affect the lattice energies. However, the hydration energies 
decrease from Be^”^ to Ba^’^. Hence, solubility of sulphates 
decreases from top to bottom. 

(ii) Lattice energies of hydroxides decrease as the size of 
cation increases. It overcomes the effect of decrease in 
hydration energy and hence, the solubility of hydroxides 
increases from top to bottom. 

(iii) NaCl is added as to lower the fusion temperature of 
MgCl2 and to make the mixture as good conductor of electricity. 

(iv) Lattice energies of the salts of alkaline earth^ metals are 
very high in comparison to alkali metal salts. High lattice energies 
are responsible for low solubility. 

(v) The lattice energy of BeO is higher than BaO due to 
small size of Be^^ ion. The other reason may be that BeO is 
covalent and polymeric while BaO is ionic in nature. 

(vi) The Be^"^ ions are easily hydrated because of high 
charge size ratio. The hydrolysis occurs because Be—O bond 
is very strong. 

Example 3, Give the names and formula of the compounds 
indicated in the following statements: 

(a) A compound of Ca used in setting fractured bones. 

(b) A compound of Mg, S, O and H used as a purgative in 
medicine. 

(c) A compound of Ca and C used for the production of 
acetylene. 

(d) A compound of Ca, C and N- used as a fertilizer. 

(e) A triatomic compound which on treatment with water 
gives Ha- 

Solution : (a) Plaster of Paris, 2CaS04-H20 

(b) Magnesium sulphate, MgS04-7H20 
_ - (c) Calcium carbide, CaC2 

CaC2 -t- 2H2O -> Ca(OH)2 + C2H2 

(d) Calcium cyanamide (nitrolim), CaCN2 

(e) Calcium hydride (hydrolith), CaH2 
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. E^liaiiiple 4* 0.3 g of magnesium ribbon was placed in a 
crucible and heated with the lid on until the magnesium began 
to bum brilliantly. At the end of the experiment there was 
0.45 g of the white powder left. Show that this result does not 
agree with the equation, 


2Mg(s) + 02 (g) -> 2MgO(s) 

What might have gone wrong? 

Solution : The given equation is, 

2Mgis) + 02 (g) -> 2MgO(5) 

2x24=48g 2x(24+16) = 80g 


The equation shows that 48 g of magnesium should give 
80 g of magnesium oxide. Therefore, 0.3 g of magnesium 
80 X 0 3 

should give 48 ® .5 g of the oxide. The actual amount 

of MgO obtained is 0.45 g. Perhaps some of the oxide escaped 
as smoke or the 'iragnesium did not react completely or the 
magnesium may have combined with nitrogen to make 
magnesium nitride instead. 

-Exainple 5 * Beryllium gives a compound with the 
following percentage composition: Be, 6 . 1 %; N, 37 . 8 %; 
Cl, 48 %; H, 8 . 1 %. One mole of the compound had a mass of 
148 g. M(Be) = 9 g mor\ 

(i) What is the molecular formula of the compound? 

(ii) In water, 1 mole of the compound reacts with 2 moles 
of Ag* ions, . 

Suggest a structural formula for the compound. 

Solution: 

Determination of empirical formula 


Element Percentage At mass 

Relative number 
atom 

Simplest ratio 

Be 

6.1 

9.0 

' j = 0.68 

0.68 , 

0.68 “ , 

N 

37.8 

14.0 

^=27 

14 

m ^4 

0.68 ■ ^ 

Cl 

48.0 

35.5 

^ = 135 
35.5 

135 . ' 

0.68 ~ ^ 

H 

8.1 

1.0 

^ -81 

1.0 - 

0.68 


Empirical formula = BeN4Cl2H|2 
Empirical mass = 9 + 4 xl 4 + 2x 35.5 + 12 x 1 = 148 
Hence, molecular formula = BeN4Cl2Hi2 
The reaction with silver ions suggests that 2 chlorine 
atoms are present as chloride ions. Thus, the structural formula 
of the compound is [Be(NH3)4]Cl2. 

Example 6. Compare the thermal stability of the following 
compounds of the alkali metals with those of alkaline earth 
metals : (a) nitrates (b) carbonates (c) sulphates. 

Solution: 

(a) Nitrates : Nitrates of both alkali and alkaline earth 
metals decompose on heating. 

Nitrates of alkali metals decompose to form metal nitrites 
and O2. 


2MNQ3-> 2MNO2 + O2 (M = Na, K, Rb or Cs) 

Nitrates of alkaline earth metals decompose forming 
corresponding metal oxides, NO2 and O2. 

M(N03)2-> MO + 2NO2 + O2 

(M = Be, Mg, Ca, Sr or Ba) 

Lithium nitrate behaves like Mg(N03)2 due to diagonal 
relationship. 

4LiN03-> 2Li20 + 4 NO 2 + O 2 

(b) Cartionates : Carbonates of alkali metals are stable 
and do not decomposes on heating. 

Carbonates of alkaline earth metals decompose on heating. 

However, stability increases as the decomposition tempera¬ 
ture indicate which increase from BeCOa to BaC03. 

MCO3-^ MO + CO2 

Li2C03 like MgC03 also decomposes on heating. 

Li 2 C 03 -> Ei20 + CO 2 

(c) Sulphates ; Sulphates of alkali metals are stable and 
do not decompose on heating. 

Sulphates of alkaline earth metals decompose on heating 
into oxides and SO3. 

MSO4-> MO + SO3 

The stability increases as the temperature of decomposition 
of these sulphates increase gradually. 

Li2S04 like MgS04 also decomposes on heating, 
r Example 7. (a) Why BaSO^ is insoluble whereas BeSO^ 
is soluble in water? 

(b) What is the hybrid state of Be in BeCl 2 ? What will be 
the change in the hybrid state of BeCl 2 in the solid state? 

[CB.S.E. (EMX) 2005] 

Solution: 

(a) The lattice energy of BaS04 is much more than its 
hydration energy and hence it is insoluble in water. The 
hydration energy of BeS04 is much higher than its lattice 
energy because of small size of Be^“^ ions. Hence, it is soluble 
in water. 

(b) In the vapour state, BeCla is linear as Be is sp hybridized. 
However, in solid state, BeCl2 is polymeric. In the polymeric 
structure, each Be has two covalent and two co-ordinate bonds, 
2,e, Be is sp hybridized. 

: Example (a) Mg-^2 ^hen reacted with water gives off 
ammonia but HCl is not obtained when MgCl 2 reacts with 
water at room temperature. Give reason. 

(b) Chlorination of calcium hydroxide produces bleaching 
powder. Write the chemical equation. 

Solution: 

(a) Mg3N2 is a salt of a strong base, Mg(OH)2, and a weak * 
acid (NH3) and hence gets hydrolysed to give NH3. 

MgsNa + 6H2O-> 3Mg(OH)2 + 2NH3 

MgCl2 is a salt of a strong base and a strong acid (HCl) and 
hence, its hydrolysis does not occur. 
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(b) Ca(OH)2 + CI2-> Ca(OCl)Cl + HjO 

Slaked Bleaching 

lime powder 

Bleaching powder is also considered as a mixture of 
Ca(OCl)2, CaCl2 and Ca(OH)2. 

3 Ca(OH)2 + 2CI2-> Ca(OCl)2 • Ca(OH)2‘ CaCl2 - 2H2O 

Bleaching powder 

Example 9, Draw the structure of{i) BeCl 2 {vapour state) 
{ii) BeCl 2 (solid). 

Solution* 

In vapour state, it has chlorobridged dimer structure which 
dissociates into linear monomer at 100 (FC. 

/Cl\ 

Cl—Be Be—Cl 

'^Cl^ 

Dimer 

In the solid state, it has a polymeric structure with dichloro- 
bridges in which a halogen atom bonded to one beryllium atom 
uses a lone pair of electrons to form a co-ordinate bond to 
other beryllium atom. 


Cl—Be—Cl 
Monomer 


/ \e/ \c/ \ 


Example 10* (a) Halides of Be dissolve in organic solvents 
while those of barium do not Why is it so? 

(b) What is the difference between milk of lime and lime 
water? 

(c) Why is calcium preferred over sodium to remove last 
traces of moisture from alcohol? 

Solution* 

(a) Halides of beryllium are covalent due to small size of 
Be ion while halides of barium are ionic. 

(b) The suspension of Ca(OH)2 in water is termed milk of 
lime while clear solution of Ca(OH)2 is called lime water. 

(c) Both Ca and Na can remove moisture from alcohol but 
sodium reacts with alcohol also readily. Calcium reacts with 
alcohol very slowly. 


Example 11. (a) State any one reason for alkaline earth 

metals, why they have a greater tendency to form complexes 
than alkali metals. 

(b) Alkaline earth metals cannot be obtained by chemical 
reduction. 

Solution. 

(a) Alkaline earth metal cations have smaller size and higher 
charge in comparison to alkali metal cations. These factors aie 
responsible for greater tendency to form complexes. 

(b) Alkaline earth metals cannot be obtained by chemical 
reduction as they themselves are stronger reducing agents than 
common reducing agents. With carbon, they form carbides. 

Example 12. How would you explain? 

(i) BeO is insoluble but BeS 04 soluble in water 

(ii) BaO is soluble but BaSO^ is insoluble in water 

(Hi) What is the difference between milk of lime and lime 
water? 

(iv) Why do halides and hydrides of beryllium polymerise? 

Solution. 

(i) The lattice enthalpy of BeO is higher than its hydration 
enthalpy and thus it is insoluble in water. BeS04 on the other 
hand has lower lattice enthalpy than hydration enthalpy and 
hence it is soluble in water. The lower lattice enthalpy is due 
to bigger size of SOl^ ion. 

(ii) In BaO, the lattice enthalpy is less than hydration enthalpy 
and thus it is soluble in water while in BaS04, the lattice 
enthalpy is more than hydration enthalpy and hence, it is insoluble 
in water. 

(iii) Both milk of lime and lime water are chemically same 
Le., Ca(OH)2. The suspension of slaked lime in water is called 
milk of lime while clear solution of slaked lime is know as lime 
water. Slaked lime is sparingly soluble in water. 

(iv) The monomeric molecules BeH2 and BeCl2 formed 
with normal bonds will result in only four electrons in the outer 
shell of beryllium atom making it electron deficient. By 
polymerising, each atom shares its electrons with several 
neighlK)urs and receives a share in their electrons making the 
situation more favourable. Therefore, the halides and hydrides 
of Be polymerise. 



1 . HA poup of the periodic table consists of six elements- 
beryllium, magnesium, calcium, strontium, barium and radium. 
These elements are called alkaline earth metals. The oxides 
of these elements are alkaline and exist in the earth-so they 
are called alkaline earth metals. The last member is mdioactive. 

2 . The first element, beryllium, is less active than other elements 
and shows abnormal properties like lithium in lA poup on 
^ount of small atomic and ionic size and high electro¬ 
negativity. It shows resemblance with aluminium (an element 
of Illrd poup),/.e., diagonal relationship. 


3 . The outermost shell of the^ elements has two electrons, Le., 
ns^ configuration. Because of their similarity in electronic 
configuration [noble gas] ns^, they are included in the same 
group and closely resemble each other. There is a gradual 
padation in their properties from top to bottom as atomic 
numte increases. 

4 . Physical charactenstics 

0 ) All are silvery white metals. They are soft but harder 
than alkali metals. Softness increases from Be to Ba. 
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16. Plaster of Paris has the property of setting to a hard mass- 
CaS04'2H20, slight expansion occurs during setting. 
Addition of alum to plaster of Paris makes the setting very 
hard. The mixture is known as Keene cement 

Plaster of Paris is used for setting broken or dislocated bones, 
casts for statues, toys and in dentistry. 

When plaster of Paris is heated at 20 (FC, it forms anhydrous 
calcium sulphate which is known as dead plaster. It has no 
setting property. 

17. (a) Anhydrous CaCl2 is a good drying agent. It cannot be 

used for drying ammonia and alcohol as it forms addition 
products with them. 

(b) Hydroxyapatite, Ca5(P04)3 OH is the main component of 
tooth enamel. Cavities are formed when acids decompose 
this enamel This can be prevented by converting the 
hydroxyapatite to more resistant enamel-fluorapatite, 
Ca5(P04)3'F. 

(c) Most of the kidney stones consist of calcium oxalate, 
CaC 204 H20. 

(d) Mg and Ca ions present in water are responsible for 
hardness of water. 

(e) CaC2 is obtained by heating a mixture of CaO and carbon. 
It reacts with nitrogen forming nitroUm, used as a 
fertilizer. 

CaC2 + N2-^ CaCN 2 C 

nicrolira 

18. Cement is an important building material. The average 
composition of portland cement is: CaO 61 . 5 %, Si02 22 . 5 %, 
AI2O3 7 . 5 %. Cement is a dirty greyish heavy powder contain¬ 
ing calcium silicates and aluminates. Cement consists of: 

Tricalcium silicate 3 CaO ■ Si02 
" Dicalcium silicate 2 CaO • Si02 

Tricalcium aluminate 3 CaO * AI2O3 
Tetracalcium alumino-ferrite 4 CaO»AI2O3 • Fe203 


For manufacture, limestone and clay are fused at 1400 ‘“ 160 (yC 
in a rotary kiln. The product obtained is called clinker. It is 
mixed with 2 - 3 % gypsum and powdered. 

When cement is mixed with water, it sets to a hard mass, this 
is called setting. Setting is an exothermic process. During 
setting hydration occurs. 

19. Be shows diagonal relationship with aluminium, the second 
element of in A group, 

(a) The polarising power of Be^*^ and Al^*^ ions is high. 
Consequently the compounds are covalent. 

(b) The electronegativity of both the elements is nearly the 
same. 

(c) Both do not decompose water. 

(d) Both become passive when treated with cone. HNO3. 

(e) Both dissolve in caustic alkalies Migrating H2. 

(f) The oxides and hydroxides are amphoteric. 

(g) Be2C and AI4C3 on hydrolysis evolve CH4. 

(h) Both combine with nitrogen. 

(i) Both form polymeric hydrides. 

(j) Halides are formed in similar fashion. 

Oxide + C + CI2-> Chloride 

Halides except fluorides are covalent in nature. 

20. Solutions of beryllium salts are acidic and dissolve appre¬ 
ciable quantities of Be(OH)2. In alkali solution [Be(OH)4]^" is 
formed. 

[Be(H20)4f+ ^ [Be(H20)3(0H)]+ + iT 
[Be(H20)3(0H)]^ ^[Be(H20)2(0H)2] + 
[Be(H20)2(0H)2] [Be(H20)(OH)3r + it 

[Be(H20)(OH)3]- ^ [Be(OH)4]^- + 

21 . SrC03 is used in the manufacture of glass for colour TV 
picture tube. 

22. BaS04 is used in medicine as a contrast medium for stomach 
and intestinal X-rays, 


•»- PRACTICE PROBLEMS - - 


■ Subjective Type Questions 

1. Give reasons: 

(a) Halides of Beryllium are soluble in organic ^Ivents. 

(b) Beryllium chloride fumes in moist air. 

(c) CaC03 dissolves in water in excess of CO2. 

(d) A piece of burning magnesium ribbon continues to bum 
in SO2. 

(e) CaQ2 cannot be used for drying ammonia. 

2. Answerttiefollowing: 

(i) Name three natural forms of calcium carbonate. 

(ii) Which alkaline earth metal is found in abundance in 
earth’s crust? 

(iii) Name the alkaline earth metal which is radioactive in 
nature. 

(iv) Name the natural carbonate mineral in which both 
calcium and magnesium are present. 


(v) Name two ores of magnesium. 

(vi) Which element of alkaline earth metal has least density? 

3 . (a) Name the element which is invariable bivalent and whose 

oxide is soluble in excess of NaOH. 

(b) Name the alkaline earth metal which shows resemblance 
with aluminium. 

(c) Name the alkaline metal hydroxide which is amphoteric. 

(d) Which elements of group 2 do not give characteristic 
flame colouration? 

(e) Which out of Mg^"^, Ba^'*', Ca^ has maximum ionic 
mobility? 

(f) What is dead burnt plaster? 

(g) What is fly ash? 

4 . Give the name and formula of the compounds as indicated 
in the following statements: 

(i) A compK)und of calcium and hydrogen which is used as 
a portable source of hydrogen for filling balloons. 
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(ii) A compound of Mg, O, Cl and H used as a cement for 
joining cracked teeth. 

(iii) A compound of Ca, O, Cl and H used as a germicide. 

(iv) A compound of Mg, Cl and O used as drying agent. 

(v) A compound of Ca and O which when heated in oxycoal 
gas flame gives lime light. 

5 . How do the following properties of the alkaline earth metals 
change when we move from Be to Ba? 

(i) Size of the atoms and ions 

(ii) Ionisation energies (iii) Electronegativity 

(iv) Hardness (v) Oxidation potential 

(vi) Basic character of hydroxides 

(vii) Solubility of hydroxides (viii) Solubility of sulphates 

Cix) Stability of carbonates (x) Reducing nature 

6. Write the chemical formula of the following: 

(a) Quick lime (b) Slaked lime (c) Anhydrone 

(d) Baryta water (e) Marble (f) Anhydrite 

(g) Gypsum (h) Plaster of Paris (i) Asbestos 

(j) Hydrolith, 

7 * Write formulae of the following minerals: 

(i) Beryl, (ii) Magnesite, (iii) Kieserite, (iv) Witherite, 

(v) Celestine, (vi) Epsom salt, (vii) Chrysobeiyl, (vjii) Baryta, 
(ix) Strontianite, (x) Fluorspar. 

8. What happen when the following are heated? 

(i) Hydrated magnesium chloride, (ii) Gypsum, (iii) Bicar¬ 
bonates of alkaline earth metals, (iv) Epsom salt, 
(v) Barium nitrate. 

9 , What is the action of water on the following? 

(i) Beryllium carbide, (ii) Calcium carbide, (iii) Calcium nitride, 
(iv) Calcium cyanamide, (v) Hydrolith. 

10. What happens when? 

(i) Magnesium is burnt in air and the products treated 
with water. 

(ii) Water is added, to CaC2 and the resulting gas is passed 
through dilute H2SO4 containing HgS04. 

(iii) Hydrated magnesium chloride is heated in presence of 
ammonium chloride. 

(iv) FeCl3 is treated with magnesium. 

(v) NH4CI is heated widi magnesium. 

(vi) CO2 is passed through lime water. 

(vii) SO2 is passed through lime water. 

(viii) CI2 reacts with slaked lime under different conditions. 

11 . Complete and balance the foUowing equations: 

(a) Mg(HC03)2+Ca(OH)2 -> MgC03-i-..........+ H2O 

(b) MgO + CaC2 -> Mg +......... + 2 C 

(c) Be(OH)2 + NaOH -> .+ H2O 

(d) BaC03 + H20(steam) .+ CO2 

(e) Bea2 + LiAlH4-> . + LiCl +. 

(f) CaO + C H igh tem p^.+ CO > .+. 

N2 

12 . How will you prepare the following? Give chemical 
equations also : 

(a) Bleaching powder from CaC03. 

(b) Calcium sulphate from CaC03. 


(c) Calcium nitrate from calcium sulphate. 

(d) Anhydrous MgCl2 from hydrated magnesium chloride. 

(e) Plaster of Paris from gypsum. 

13 . Arrange the followirm: 

(i) Mg^^, Be , Ca^’*' and ions in the increasing 
order of their heats of hydration. 

(ii) Cal2, CaFa, CaCl2 and CaBr2 in order of decreasing 
melting points. 

(iii) CaCl2, BeCl2, MgCla, BaCl2 and S1CI2 in oixier of 
decreasing ionic character. 

(iv) MgO, SrO, K2O and CS2O in order of increasing basic 

character. [IJ.T. 1991 ] 

(v) CaS04, BaS04 and MgS04 in order of decreasing 
solubility in water. 

(vi) BeC03, MgC03, CaCOj and BaC03 in order of 
increasing stability. 

(vii) Sr, Ba, Ca, Mg in order of increasing reducing nature, 
(viii) BeS04, MgS04, CaS04, SrS04 in order of decreasing 

thermal stability. [IJ.T. 1997 ] 

14 . Answer with giving reason: 

(i) Which are more electropositive alkali metals or alkaline 
earth metals? 

(ii) Which one is a covalent hydride? 

BeH2,NaH,CaH2 

(iii) Which is more hydrated? 

Be^"", Na"^, 

(iv) The solution of which one is acidic? 

NaCl,BaCl2,BeCl2 

(v) Which has least hardness? 

Na, Be, Li, Ca 

(vi) Which has the maximum lattice energy? 

Li20,Na20,MgO,BaO 

(vii) Which one are strong reducing agents? 

Alkali metals or alkaline earth metals. 

15 . Describe the preparation, properties and uses of the follow¬ 
ing compounds: 

(i) Slaked Ume (ji) Plaster of Paris 

(iii) Calcium carbide (iv) Calcium cyanamide 

(v) Magnesium chloride (vi) Magnesium sulphate 
16 * (a) How can magnesium be extracted from magnesite? 

(b) How can magnesium be extracted from sea water? 

(c) How various compounds of barium are obtained from 
barytes? 

(d) How Portland cement is manufaaured? 

(e) How metal calcium is manufactured? 

17 . Explain the following: 

fi) Magnesium oxide is used for lining of steel making 
furnace. 

[Hint : MgO is a basic flux and helps in the removal of 
acidic impurities from steel through slag fomiation. 

Si + O 2 ^ Si02: MgO + Si02 ' ^ MgSi03 

4P + 5 O 2 -> P 4 OJ 0 ; 6MgO + P 4 O 10 -^ 2Mg3(P04)2 

S + O 2 -> SO 2 ; MgO + SO 2 -> MgS03] 

(ii) Anhydrous calcium sulphate (anhydrite) cannot be 
used as plaster of Paris. 
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[Hint : Anhydrous calcium sulphate in presence of water 
does not set like plaster of Paris. However, it is 
directly changed to gypsum.] 

(iii) Anhydrous magnesium chloride is prepared by heating 
MgCl2‘6H20 in a cuiTent of HCl, 

_ [lOiit : Magnesium chloride undergoes hydrolysis with its 
' ' own water of crystallisation. This hydrolysis is 

prevented in presence of HCL] 

(iv) The reaction between marble and dilute H2SO4 is not 
used to prepare carbon dioxide. 

[Hint : Insoluble CaS04 is formed which deposits on the 
surface of marble and prevents further action of dilute 
H2SO4, so the evolution of CO2 ceases after some¬ 
time.] 

(v) Lime water becomes turbid on passing CO2 through it, 
but becomes clear when more CO2 is passed. 

[Hint : Insoluble CaC03 is first precipitated which dis¬ 
solves in . excess of CO2 in the form of Ca(HC03)2. 

Ca(OH)2 + CO2-> CaC03 + H2O; 

(Insoluble) 

CaC 03 + H 2 O + CO 2 -> Ca(HC03)2] 

(Soluble) 

(vi) In the manufacture of Mg by cai*bon reduction of MgO, 
the product is cooled in the stream of an inert gas. 
[Hint : The reduction of MgO is a reversible process. In 

order to prevent the reaction between Mg and CO, 
the temperature of the products is reduced in a 
stream of an inert gas. Inert gas does not permit the 
reaction of Mg with air. 

MgO + C ^ Mg + CO] 

(vii) Magnesium metal bums in air to give a white ash. When 
this ash is treated with water, the odour of ammonia 
can be detected. What is the reason? [B.LT. 1990 ] 
[Hint ; The white ash consists small amount of magnesium 

nitride which is formed along with MgO when Mg 
bums in air. Magnesium nitride is hydrolysed with 
water and NH3 is evolved.] 


(viii) The first ionisation potential of alkaline earth metals is 
low and hence they should prefer to form ions. In 
fact they form ions. 

[Hint : ions are extensively hydrated to form hydrated 

ions and a large amount of energy is released. This 
energy more than counter balances the higher value 
of second ionisation energy.] 

(ix) Alkaline earth metals have higher melting points than 
alkali metals. 

[Hliit : Metallic bonding is much stronger in alkaline earth 
metals as two electrons are present in valence shell.] 

(x) Why gypsum is add^ to cement? 

[Hint : The purpose of adding gypsum is to increase the’ 
setting time of the cement.] 


(xi) Beryllium sulphate is soluble but BaS04 is insoluble. 
[Hint : Because of high hydration energy of beryllium ion, 

its sulphate is soluble. Barium being a larger cation 
has much lower hydration energy.] 

(xii) Beryllium does not exhibit a covalency beyond 4 . 
[Hint : The outermost energy shell in beryllium is the 

second. It cannot accommodate more than 8 electrons 
and hence a covalency limit 4 cannot be expeeded.] 

(xl) The crystalline salts of alkaline earth metals contain 
more water of crystallisation than the corresponding 
alkali metal salts. Why? [O.T. 1997 ] 

[Hint : The ionic radii of alkaline earth metal ions are smaller 
than alkali metal ions.] 

18. Element A bums in nitrogen to give an ionic compound B. 
Compound B reacts with water to give C and £). A solution 
of C becomes milky on bubbling carbon dioxide. Identify A, 
B, C and D. [IJX 1997 ] 

[Hint ; The element A is calcium. 

3 Ca + No —> Ca3N2 

(A) . {B) 

Calcium nitride—an ionic compound. 

CaaNa + 6H2O -> 3Ca(OH)2 + 2NH3 

(O (D) 

Calcium hydroxide > Ammonia 

Ca(OH)2 + CO2 -> CaCOa + H2O 

It brings milkiness to solution.] 


■ Matching Type Questions 


Match the following: 


[A] (a) Anhydrite 

(i) CaS04 

(b) Camallite 

(ii) KCl.MgCl2'6H20 

(c) Dolomite 

(iii) MgS 04 ' 7 H 20 

(d) Epsomite 

(iv) Ca3(P04)2-CaF2 

(e) Fluorapatite 

(v) MgCOa-CaCOs 

[B] (a) Gypsum 

(i) CaHj 

(b) Hydrolith 

(ii) CaO 

(c) Marble 

(iii) €33(104)2 

(d) Bone ash 

(iv) CaS04-2H20 

(e) Slaked lime 

(v) CaCOa 

(f) Quicklime 

(Vi) Ca(OH)2 

[Q (a)Nitrolim 

(i) Calcium salts 

(b) Green flame 

. (ii) CaMg3(Si04)4 

(c) Brick red flame 

(iii) MgCl 2 - 5 Mg 0 -xH 20 

(d) Asbestos 

(iv) 95 % Mg, 5 % Zn 

(e) Electron 

(v) CaCN2 + C 

(f) Sorel cement 

(vi) Barium salts 
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Answers : Subjective lype Questions 

1 . (a) Beryllium halides are somewhat covalent in nature. 

(b) Beryllium chloride undergo^ hydrolysis. HCl is given out. 

Bd:i2 + 2H2O-> Be(OH)2 + 2 HC 1 

(c) CaC03 is converted into soluble calcium bicarbonate. 

CaCOs + H2O + CO2-> Ca(HC03)2 

SoJubie 

(d) Mg reacts with SO2 forming MgO and S. 

2M5 + SO2-> 2 MgO + S 

(e) CaCb reacts with ammonia. 

CaCl2 + 8NH3-> CaCl2- 8NH3 

Addition product 

2 . (i) (a) Limestone (b) Chalk (c) Marble 

(ii) Calcium (iii) Radium (iv) Dolomite 
(v) Magnesite, Epsom salt (vi) Calcium 

3 . (a) Be; BeG dissolved in NaOH 

(b) Be (c) Be(OH )2 (d) Be and Mg (e) Ba^'" 

(f) Anhydrous calcium sulphate '(CaS04) 

(g) It is a waste product from steel industry and has properties 
similar to cement. It mainly consists calcium silicate. 

4 . (i) Calcium hydride, CaH2, (ii) Sorel cement, MgCl2*5M^xH20, 

(iii) Bleaching powder, Ca0Cl2‘H20, (iv) Anhydrone, Mg(C104)2. 
[Hint X It has strong affinity for water giving Mg(C104)2’6H20. 

It loses whole of water when heated at 250 X and drying 
property is regenerated,] 

(v) Calcium oxide, CaO. 

5 * (i) increases, (ii) decreases, (iii) decreases, (iv) decreases, 
(v) increases, (vi) increases, (vii) increases, (viii) decreases, 
(ix) increases, (x) increases. 

6. (a) CaO, (b) Ca(GH)2, (c) Mg(C104)2, (d) Ba{OH)2, (e) CaC03, 
(f) CaSG4, (g) CaSG4-2H20, (h) 2CaSG4-H20, (i) CaMg3(Si04)4, 
(j) CaH2, 

1 . (i) 3 BeG Al203'6SiG2, (ii) MgCOa, (iii) MgS04*H20, (iv) BaCOj, 
(v) S1SG4, (vi) MgSG4-7H20, (vii) BeG-AhOa, (viii) BaS04, 
(ix) SrCG3, (x) CaF2. 

8 . (i) Mga 2 - 6 H 20 ^ MgCl 2 - 2 H 20 ^ Mg(OH)Cl + HCl + H2O 

Heat 


(ii) CaS04-2H20 CaS04-2H20 2CaS04-H20 


(Monoclinic) 


(Orthorhombic) 


Plaster of Paris 


CaO + SO2 + 5O2 

^ ^ Heated 


CaS04 


(iii) M(HC03)2 


nearea 

MCO3 + H2O + CO2 
Heat Heat 


(iv) MgS04'7H20-^ MgS04H20-> 

Hepta hydrate Monohydrate J 

Strongly i 

-f^Mg0 + S02+|02 


. MgS04 
Anhydrous 


. (v) Ba(N03)2"-^ BaG + NO2 4* G2 

9 . (i) Methane is evolved. Be2C + 4H2G—^ 2Be(OH)2 + CH4 
(ii) Acetylene is evolved. CaCa + 2H2O-> Ca(OH)2 + C2H2 


(iii) Ammonia is evolved. CaaNaH- 6H2O-3Ca(GH)2+2NH3 

(iv) Ammonia is evolved. CaCNa + 3H2O- > CbCO^ + 2NH3 

(v) Hydrogen is evolved. CaHa + 2H2O-> Ca(OH)2 + 7H2 

10, (i) Magnesium forms magnesium oxide and magnesium nitride. 

2 Mg 4 -O2-> 2 MgO 

3 Mg + N2^->Mg 3 N 2 

MgO combines with water very slowly forming magnesium 
hydroxide. Mg3N2 reacts with water evolving ammonia. 

MgO + H2O -^Mg(OH)2 

Mg3N2 + 6H2G -> 3Mg(OH)2 4 - 2NH3 

(ii) Acetylene is evolved. This is passed through dilute H2SO4 
when acetaldehyde is formed. 

CaCa 4- 2H2O -> Ca(OH)2 + C2H2 

C2H2 + CH3CHO 

(iii) Anhydrous ammonium chloride is obtained. 

MgCla^bHaO + NH4CI-> MgCl2-NH4CL6H20 

Double salt 

MgCl2 NH4Cl-6H20 MgClrNH4Cl ^ MgCl, + NH4CI 


(iv) 

FeCl3 + 3H2O — 

Fe(GH)3 4- 3 HC] . 


Mg 4 - 2 HC 1 — 

--4 MgCL 4 - Ha 

(V) 

Mg 4. 2NH4CI — 

MgCla + 2NH3 + H2 


(vi) The solution becomes milky due to formation of CaC03. The 
solution again becomes colourless in excess of CO2 as CaC03 
dissolves in the form of calcium bicarbonate. 

Ca(OH)2 + CO2 -^ CaC03 + HaO 

CaC 03 + H 2 O + COa -> Ca(HC 03)2 

(vii) Ca(OH)2 + SO2 -> CaS03 + H2O 

CaS03 + SO2 + H2O -> Ca{HS03)2 

(viii) (a) With cold milk of lime, calcium hypochlorite is formed, 
2Ca(GH)2 + 2CI2 -> CaCl2 4- Ca(ClG)2 + 2H2G 

(b) With hot cone, solution of Ca(GH)2, calcium chlorate is formed, 

6Ca(OH)2 + 3Cl2 -> SCaCla + Ca(C103)2 + 6H2O 

(c) With cold solid Ca(OH)2, bleaching powder is formed. 

Ca(OH)2 + CI2 -^ CaOCl2 4- H2O 

11 , (a) Mg(HC03)2 + Ca(OH)2 -> MgCGa 4- CaCG3 4- 2H2G 

(b) MgO + CaCa ^ Mg + CaO + 2 C 

(c) Be(OH)2 4- 2 NaGH -> NaaBeOa 4- 2H2G 

(d) BaC03 + HaGCsteamj -^ Ba(GH)2 + CG2 

(e) 2BeCl2 4 - LiAlH4 -> 2BeH2 + LiCl + AICI3 

(f) CaO + 3 C -> CaCa + CO 

CaCa + N2 -> CaCNa + C 

12. (a) CaC03^C&O^Csi{OE)2^(MyC\2 

40 C 

(b) CaCOj CaCl 2 6H20 CaSO4-2H20 

(c) CaS04'2H20CaO . ,Ca(N03)2 
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13 . 


14 . 


(d) 

(e) 

(i) 

(ii) 
(Hi) 
(iv) 

(V) 

(Vi) 

(vii) 

(viu) 

(i) 


MgCl2-6H20 


HCl or NH 4 C! 
heated 


^ MgCl2 


CaS04'2H20 > 2CaS04 H20 

120*^0 


(ii) BeH2, low electronegativity of Be, high ionisation |x>tential. 

(iii) smallest in size. 

(iv) BeQ2, hydrolysis occurs, BeCl2 + 2H2 O-h* Be(OH)2 + 2 HC 1 

Weak Strong 


Ba^'" < < Mg^"- < Be^*" 

CaF2 > CaCl2 > CaBr2 > Cal2 

BaCl2 > SrCl2 > CaCl2 > MgCb > BeCl2 

MgO < SrO < K2O < CS2O 

MgS 04 > CaS 04 > BaSoi 

BeCOa < MgC 03 < CaC 03 < BaCOa 

Mg < Ca < Sr < Ba 

SrS 04 > CaS 04 > MgS 04 > BeS 04 

Alkali metals, low ionisation potential 


(v) Na, lowest metallic bonding. 

(vi) MgO, Mg^'*' ion is smallest in size and double the charge in 
comparison to Li'*' and Na^ ions. 

(vii) Alkali metals, the values of oxidation potentials are high. 

Answers ; Matching Type Questions 

[A] (a^—i); (b—ii); (c^—v); (d—iii); (e—iv) 

[B] (a—iv); (b—i); (c—v); (d—^iii); (e—vi); (f—ii) 

[C] (a—v); (b—^vi); (c—i); (d—^ii); (e—iv); (f—^iii) 


ILLUSWTIOMS OF OBJECTIVE QUESTIONS 


h Amongst the following hydroxides, the one which h^ lowest 
value of i^sp at ordinary temj^rature is? 

(a) Be(OH)2 (b) Mg(OH)2 

(c) Ca(OH)2 (d) BdiOEh 

Ans. (a) 

[Hint : Be(OH)2 is least soluble in water.] 

2* Yellow phosphorus on reaction with Ca(OH)2 gives : 

(a) Ca(H2P04)2 (b) CaQi2^2)2 

(c) PH3 (d) both (b) and (c) 

Ans. (d) 

[Hint : 8P + 3Ca(OH)2 + 6H2O-> 3Ca(H2P02)2 + 2PH3] 

3 . Slaked lime is obtained when water is added to: 

(a) CaS04-|H20 (b) Caa2 

(c) CaO (d) CaCOs 

Ans. (c) 

[Hint : The slaked lime is calcium hydroxide. It is obtained when 
water is added to CaO (Lime). 

CaO + H2O-> Ca(OH)2] 

4. As compared to alkali metals, alkaline earth metals: 

(a) are more metallic 

(b) have higher densities 

(c) are stronger reducing agents 

(d) have larger atomic radii 
Ans. (b) 

5 . Which of the following carbides give allylene on 
hydrolysis? 

(a) CaC2 (b) 

(c) MgC2 (d)Mg 2 C 3 

Ans. (d) 

[Hint : Mg2C3 + 4H2O-> 2Mg(OH)2 + CH3—C=CH ] 

6. Black ash is: 

(a) CaS + NaHC03 (b) CaS04 + Na2C03 

(c) CaS04 + NaHC03 (d) CaS + Na2C03 

Ans. (d) 


7 . Metallic magnesium is obtained by : 

(a) reduction of MgO with coke 

(b) electrolysis of an aqueous solution of MgCl2 

(c) el^holysis of molten MgCl2 

(d) displacement of magnesium by iron from MgCl2 solution 
Ans. (c) 

8. Among the alkaline earth metals, the element forming 
predominantly covalent compounds is : 

(a) barium (b) beryllium 

(c) strontium (d) calcium 

Ans. (b) 

[BOmt : ion has a small size. It has high polarising power.] 

9 . Magnesium is an important component of which biomolecule 
occurring extensively in living world? 

(a) Haemoglobin (b) ATP 

(c) CMorophyll (d) Vitamin B12 

Ans, (c) 

10 , The solubilities of carbonate decrease down the magnesium 
group due to a decrease in : 

(a) entropy of solution formation 

(b) lattice energies of solids 

(c) hydration energies of cations 

(d) inter-ionic attraction 
Ans. (c) 

11 , Several blocks of magnesium are fixed to the bottom of a ship 
to : 

(a) prevent action of water and salt 

(b) pievent puncturing by under sea rocks 

(c) keep away the sharks 

(d) make the ship lighter 
Ans. (a) 

12 , A metal M readily forms water soluble sulphate MSO4, water 
insoluble hydroxide M(OH)2 and oxide MO which becomes 
inert on heating. The hydroxide is soluble in NaOH. Then M 
is: 







Alkaline Earth Metals and their Compounds 

(a) Be (b) Mg 

(c) Ca (d) Sr 

Ans. (a) 

[Hint : BeS04 - soluble ; Be(OH)2 - insoluble 

Be(OH)2 + 2 NaOH-> Na2Be02 + 2H2O ] 

Soluble 

13 . Dtdd burnt plaster is : [P*M*T* (Kerala) 2006 ] 

(a) C:aS04-2H20 (b) MgS04*7H20 

(c) CaS04 |H20 (d) CaS04 

Ans. (d) 

14 . Which of the following statement(s) is/are not tnie about the 
diagonal relationship of Be and Al? 

A. Both react with NaOH to liberate hydrogen 

B. Their oxides are basic 

C They become passive by concentrated HNO3 

D. Their carbides give acetylene on treatment with water 

(a) Only A (b) BandC 

(c) A and D (d) B and D 

Ans. (d) 

[Hint : Their oxides are amphoteric and their carbides give methane 
on treatment with water.] 

15 . The correct sequence of increasing covalent character is 
represented by: 

(a) BeCl2<NaCl<UCl (b) NaCl<LiCl<BeCl2 

(c) BeCla < LiCl < NaCl (d) LiCl < NaCl < BeCl2 

Ans. (b) 

[Ifint : The polarizing power of cation increases with decrease in 
size of cation and increase of charge on the cation.] 

16 . A solid compound "Z* on heating gives CO2 gas and a 
residue. The residue mix^ with water forms T'. On passing 
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an excess of CO2 through ‘F’ in water a clear solution ‘Z is 
obtained. On boiling ‘Z compound ‘X’ is reformed.The 
compound ‘Z’ is: 

(a) Ca(HC03)2 (b) CaCOs 

(c) NaaCOs (d) K2COS 

Ans. (b) 

[Hint ; CaCOa-> CaO + CO2; 

residue 

CaO + H2O-> Ca(OH)2 

Ca(OH)2 + 2C02^-> Ca(HC03)2; 

‘r ‘2’ 

Ca(HC03)2 —- ^ > CaCOs H2O + CO2 ] 

‘2' ‘X’ 

17 . In which of the following, the hydration energy is higher than 

the lattice energy? [CB.S.E. 2007 ] 

(a) MgS04 (b) RaS04 

(c) SrS04 (d) BaS04 

Ans. (a) 

[Hint : ion is the smallest and hence has highest hydration 

energy,] 

18 . Be and Al exhibit many properties which are similar. But the 

two elements differ in: [A.IJEJE.E. 2007 ] 

(a) forming covalent bonds 

(b) forming polymeric hydrides 

(c) exhibiting maximum covalency in compounds 

(d) exhibiting amphoteric nature in their oxides 
Ans. (c) 
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(a) ionic nature of BeF2 □ 

O I 

(b) greater hydration energy of Be ion as compared to 

crystal lattice □ 

(c) covalent nature of BeF2 □ 

(d) none of the above □ 

52 . The order of increasing lattice energy of the following 
compounds is: 

(a) NaCl < CaO < NaBr < BaO □ 

(b) NaBr < NaCl < BaO < CaO □ 

(c) NaCl < NaBr < BaO < CaO □ 

(d) NaBr < NaCl < CaO < BaO □ 

53 . Be(OH)2is: 

(a) acidic □ (b) basic □ 

(c) amphoteric □ (d) neutral □ 

54 . Hydrolith is the common name of: 

(a) NaH □ (b) CaFa □ 

(c) CaO □ (d) CaH2 □ 

55 . The salts of which of the following give green colour in fire 
works? 

(a) Na □ (b) K □ 

(c) Ba □ (d) a □ 

56 . Which of the following hydroxides is most stable? 

(a) Mg{OH)2 □ (b) Ba(OH)2 □ 

(c) Sr(OH)2 □ (d) Ca(OH)2 □ 

57 . When hydrated MgCl2‘6H20 is strongly heated: 

(a) MgO is formed □ 

(b) Mg(OH)2 is formed □ 

(c) Mg(OH)Cl is formed □ 

(d) anhydrous MgCl2 is formed □ 

58 . On strong heating, gypsum gives: 

(a) CaO □ (b) CaS04 □ 

(c) CaS04- 1 H2O □ (d) CaS04- 11 H2O □ 

59 . The radioactive element X decays to give two inert gases. 
The element is: 

(a) 2 |u □ (b) ^IfRa □ 

(c) 234 Th □ (d) 23 ’Np □ 

60 . Which of the following salts on heating gives a mixture of 
two gases? 

(a) Ba(N03)2 □ (b) NaN03 □ 

(c) KNO3 □ (d) RbN03 □ 

61 . Gypsum is added to clinker during cement manufacture to: 

(a) decrease the rate of setting of cement □ 

(b) bind the particles of calcium silicate □ 

(c) facilitate the formation of colloidal gel □ 

(d) all of die above □ 

62 . Which of the following exists as polymeric chains in solid 
state? 

(a) BeCli □ (b) M^l2 □ 

(c) SrCl2 □ (d) BaCls □ 

63 . Which of the following is most soluble in water? 

(a) MgS04 □ (b) CaS04 □ 

(c) S1SQ4 □ (d) BaS04 □ 


64 . Which of the following is least soluble in water? 

(a) BaF2 □ (b) SrF2 □ 

(c)CaF2 □ (d)MgF2 □ 

65 . When CaC2 is heated in atmospheric nitrogen in an electric 

furnace, the compound formed is: IJ.E.E, (Orissa) 2 (^ 7 ] 

(a) Ca(CN)2 □ (b) CaNCN □ 

(c) Ca3N2 □ (d) CaNC2 □ 

66 . Which among the following has the tendency to form 
covalent compounds? 

(a) Calcium □ (b) Beryllium □ 

(c) Strontium □ (d) Magnesium □ 

67 . The hydration energy of ions is higher than that of: 

(a) □ (b) Be^-' □ 

(c) Na’*' □ (d) none of these □ 

68 . Which of the following metals dissolves in KOH with the 
evolution of hydrogen? 

(a) Ca □ (b) Mg □ 

(c) Sr □ (d)Be □ 

69 . Which of the following is used for taking the X~ray spec&a 
of the digestive system? 

(a) CaS04 □ (b) BaS04 □ 

(c) MgS04 □ (d) BaC03 □ 

70 . The formula of calcium cyanamide is: 

(a) Ca(CN)2 □ (b) CaC2N2 □ 

(c) CaCN2 □ (d) Ca3N2 □ 

71 . Calcium cyanamide reacts with steam to form ammonia and 


(a) Ca(OH)2 □ (b) CaO □ 

(c) Ca(HC03)2 □ (d) CaC03 □ 

7 Z The mixture of MgCl2 and MgO is called: 

(a) sorel cement □ 

(b) mixed salt □ 

(c) Portland cement □ 

(d) magnesium oxychloride □ 

73 . Which of the following salts is used for clearing snow from 
roads during winters? 

(a) CaCl2 □ (b) CaFa □ 

(c)Mga 2 □ (d)SiCl 2 □ 

74 . Which of the following is the strongest base? 

(a) Ca(OH)2 □ (b) Sr(OH)2 □ 

(c)Ba(OH)2 □ (d)Mg(OH)2 □ 

75 . Portland cement does not contain: 

(a) Ca3Al206 □ (b) Ca3Si03 □ 

(c) Ca2Si04 □ (d) Ca3(P04)2 □ 

76 . Which of the following carbides, on hydrolysis, yields 
methane? 

(a) Be2C □ (b) MgC2 □ 

(c) CaC2 □ (d) Mg2C3 □ 

77 ^ bright crimson light. It probably contained 

a salt of: 

(a) Q □ (b) Sr □ 

(c) Ba □ (d) Mg □ 

78 . Anhydrous MgCl2 may be obtained by heating MgCl 2 - 6 H 20 : 

(a) until it fuses □ 

(b) with lime □ 
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(c) with coal □ 

(d) in a current of dry HCl □ 

79 . Amongst the following hydroxides, the one which has the 
lowest value of at ordinary temperature is: 

(a) Mg(OH)2 □ (b) Ca(OH)2 □ 

(c) Ba(OH)2 □ (d) Be(OH)2 □ 

80 . Compounds of alkaline earth metals are less soluble in water 
than the corresponding alkali metal salts due to: 

(a) their high ionisation energy □ 

(b) their low electronegativity □ 

(c) their low hydration energy □ 

(d) their high lattice energy □ 

81 . Which of the following chlorides is covalent? 

(a) Ba02 d (b) NaO D 

(c) Caa2 □ (d) Bea2 □ 

82 . In the reaction, Be + 2 NaOH-> A + H2, A is: 

(a) Be(OH}2 □ (b) BeO □ 

(c) Na2Be02 □ (d) none of these □ 

83 . Barium bums in excess of oxygen forming: 

(a) BaO □ (b) Ba202 □ 

(c) Ba02 □ (d) none of these □ 

84 . Which of the following is barytes water? 

(a) Ca{OH)2 □ (b) liOH □ 

(c) Be(OH)2 □ (d) Ba(OH)2 □ 

85 . Which of the following represents calcium chlorite? 

(a) Caa02 □ (b) Ca(C104)2 □ 

(c) Ca(a03)2 □ (d) Ca(C102)2 □ 

86 . Identify the corra:t statement; 

(a) Gypsum contains a lower percentage of calcium than 

plaster of Paris □ 

(b) Gypsum is obtained by heating plaster of Paris □ 


(c) Plaster of Paris is obtained by hydration of gypsum □ 

(d) Plaster of Paris is obtained by partial oxidation of gypsum 

□ 

87 . The sodium is made by electrolysis of a molten mixture of 


40 % NaCl and 60 % CaCl2 because: 

(a) CaCl2 helps in the conduction of electricity □ 

(b) Ca^^ can reduce NaCl to Na □ 

(c) Ca^^ can displace Na from NaCl □ 

(d) this mixture has a lower melting point than NaCl □ 

88 . Kieserite is an ore of: 

(a) Cu □ (b) Fe P 

(c) Mg □ (d) A 1 □ 

89 . The metal that is extracted from sea water is: 

(a) Mg □ (b) Be □ 

(c) Ca □ (d) Sr □ 

90 . Ordinary blackboard chalk is made of: 

(a) limestone □ (b) gypsum □ 

(c) fluorspar □ (d) calcium phosphate □ 

91 . The most electropositive amongst the alkaline earth metals 
is: 

(a) Be □ (b).Mg □ 

(c) Ca □ (d) Ba □ 


92 . The right order of the solubility of sulphates of alkaline earth 


metals is: 

(a) Be > Ca > Mg > Ba > Sr □ 

(b) Mg>Be>Ba>Ca>Sr □ 

(c) Be>Mg>Ca>Sr>Ba □ 

(d) Mg > Ca > Ba > Be > Sr □ 

93 . Of the following the commonly used in the laboratory 
desiccator is: 

(a) Na2C03 □ (b) Caa2 □ 

(c) NaQ □ (d) CdCO^ □ 

94 . A compound with water gives hissing sound and becomes 
very hot. It is: 

(a) calcium carbonate □ (b) calcium sulphate □ 

(c) quicklime □ (d) calciunichloride □ 

95 . Slaking is the process of adding water to: 

(a) CaS04 □ (b) C^2 □ 

(c) CaCOs □ (d) CaO □ 

96 . Which of the following is different from other three oxides? 

(a) MgO □ (b) SnO □ 

(c) ZnO □ (d) H )0 □ 

[Hint : MgO is basic while the other three are amphoteric.] 

97 . Magnesium is manufactured by electrolysing fused 
magnesium chloride using: 

(a) a nickel cathode and a graphite anode □ 

(b) the iron container as anode and a nickel cathode □ 

(c) the iron container as cathode and a graphite anode □ 

(d) the nickel container as cathode and iron anode □ 

98 . The most abundant metal present in the human body is: 

(a) Ca □ (b) K □ 

(c) Fe □ (d) Na □ 

99 . Soda lime is used extensively in decarboxylation reaction to 
obtain alkanes. Soda lime is: 

(a) NaOH □ (b) NaOH and CaO □ 

(c) CaO □ (d)Na2C03 □ 

100 . The highly efficient method of obtaining beryllium is: 

(a) reduction of beryllium halide with Mg □ 

(b) reduction of beryllium oxide with carbon □ 

(c) dissociation of beryllium carbide □ 

(d) electrolysis of fu^d beryllium chloride □ 

101 . Which of the following statements is not correct? 

(a) Plaster of Paris is made by heating gypsum to lOO^'C and 

its formula is CaS04*H20 □ 

(b) Alkaline earth metal salts are diamagnetic □ 

(c) ThiM ionisation energies of alkaline earth metals are very 

high □ 

(d) BeO and Be(OH)2 are amphoteric in nature □ 

102 . Identify the correct statement : 

(a) BeH2 contains three-centee two-electron bond. □ 

(b) CaH2, BaH2 and SrH2 are ionic in nature. □ 

(c) Beryllium hydride and magnesium hydride are covalent 

and polymeric. □ 

(d) All of these. □ 

103 . The compound which is insoluble in dil. HCl is: 

(a) MnS □ (b) ZnS □ 

(c) BaC03 □ (d) BaSQ4 □ 
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11* A sodium salt on treatment with MgCl2 gives white precipitate 
on heating. The anioii of the sodium salt is : 

(a) HCOi (b) COi- 

(c) SOf (d) NO3 

[Hint tMgClj + 2NaHC03 -> Mg(HC03)2MgCOa ] 

Soluble White ppt. 

12. Lattice energies of BeF2, MgF2, CaF2 and BaF2 are - 2906 , 
- 2610 , -2459 and -2367 kJ moF^ respectively. Hydration 
energies of Be^*^, Ca^*^, Ba^*^ and F^ are- 2494 , - 1921 , 

- 1577 , -1305 and - 457 kJ moF^ respectively. Which of the 
fluorides is soluble in water ? 


(a) BeF2 (b) MgF2 

(c) CaF2 (d) BaFs 

[Hint: 



BeF? 

MgF2 

CaF2 

BaFa 

Hydration 

energy 

-2494 + 2x (-457) 

= -3408 

-192! + 2 X (-457) 

= -2835 

-l577 + 2x(-457) 

= -2491, 

-1305 + 2 X (-457) 

= -2219 

Lattice 

energy 


' “' im 

- 2459 . 

-”2367 

AH 

solution 

- 3408 - (~ 2906) 
= ~502kJmor‘ 

- 2835 - (- 2610) 

= -225ldmor* 

- 2491 - (- 2459) 
=T32kJraor* 

- 2219 - (- 2367) 
= 148 kJ mor^ 


AH solution is -ve in BeF2, hence BeF2 is easily soluble in water. ] 

13 . The name and the formula of a compound of Ca, C and N used 
as a fertilizer is: 

(a) calcium cyanide, Ca(CN)2 

(b) calcium cyanainide,CaCN2 

(c) calcium cyanide having carbon particles, (Ca(CN)2 + C) 

(d) calcium cyanamide plus carbon (nitrolim), (CaCN2 + C) 

14 . The name and formula of the compound of magnesium^ dhlo- 
line and oxygen used as a drying agent is : 

(a) magnesium oxychlorite,Mg(OCl)2 

(b) magnesium chlorate, Mg(C103)2 

(c) magnesium perchlorate, Mg(C104)2 

(d) none of the above 

[Hint : Magnesium perchlorate (anhydrone) has strong affinity 
for water giving Mg(C104)2*6H20. It loses whole of 
water when heated at 25 CfC and drying property is 
regenerated,] 


15. Match (X) with (Y) and select the correct alternative. 

X Y 

A. Sorel cement 1 . CaH2 

B. Anhydrone 2 . BaS04+ZnS 

C Hydrolith 3 . MgCl2* 5Mg0xH20 

D. Lithopone 4 . Mg(a04)2 

A B C D 

(a) 1 2 3 4 

(b) 2 3 4 1 

(c) 3 4 12 

(d) 4 1 2 3 

16. Which are corro^t statements ? 

(a) Ga3(P04)2 is present in bones 

(b) 3Ca3(P04)2*CaF2 is part of enamel on teeth 

(c) Ca ions are jmportant in blood clotting 

(d) Chlorophyll is a compound of calcium 

17. Which are correct statements for Be and A 1 ? _ __ 

(a) Both have sp-hybridizaticm^in their compounds. 

(b) Both are rendered passive by concentrated HNO3, 

(c) Both form amphoteric oxides. 

(d) Both form ionic hydrides. 

18. Chemical A is used for water softening to remove temporary 
hardness. A reacts with sodium carbonate to generate caustic 
soda. When CO2 is bubbled through A, it turns cloudy. What 
is the chemical formula of A ? 

(a) CaC03 (b) (X) 

(c) Ca(OH)2 (d) Ca(HC03)2 

[Hint: Ca(OH)2 + Ca{HC03)2-> 2CaC03 + 2H2O 

Ca(OH)2 + Na2C03-> CaC03 + 2 NaOH 

Ca(OH)2 + CO2-> CaCOs + H2O ] 

19. Salt used as a purgative is : 

(a) Naa (b) MgS04-7H20 

(c) MgCl2-6H20 (d) Ca3Al206 

20 . Water is added to calcium carbide and the evolved gas is 
passed through dilute H2SO4 containing HgS04. The organic 
compound formed is: 

(a) HCHO (b) CH3CHO 

(c) CH3COOH (d) HCOOH 
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Match List~I with List’ll: 

List 4 List-n 

(a) SoreFs cement (p) MgCl2 

(b) Albite (q) MgO 

(c) A salt of camallite (r) NaAlSi30g 

(d) Glauber’s salt (s) Na 2 SO 4 * 10 H 2 O 

Match the metals in List-I with their ore in LisLlI and formula in 
List-Ill: 

List-I List-H 

(Metal) (Name of ore) 


List-m 

(Composition 
of ore) 

(u) LiAlSisOe 

(v) NaNOs 

(w) MgS04-H20 

(x) CaF2 


(a) Lithium (p) Kiesserite 

(b) Sodium (q) Spodumene 

(c) Calcium (r) Fluorspar 

(d) Magnesium (s) Chile saltpetre 

3 * .Match the common nam e of the compounds in List-I with its 

chemical formula in List-II: 

List-I List-n 

(a) Brine (p) KCl 

(b) Rock salt (q) NaCl 

(c) Sylvine (r) MgS04<7H20 

(d) Epsomite (s) CaSi03 

(e) Fly ash 


4 , Match the elements in List-I 

Llst -1 

(a) Be 

(b) Fr 

(c) Ra 

(d) Mg 

5 , Match List-I with List-II: 

List-I 

(Compounds) 

(a) Magnesium oxide 

(b) Barium sulphate 

(c) Calcium cyanamide 

(d) Magnesium sulphate 


with their nature in List-II: 

List-n 

(p) Radioactive 

(q) Form covalent hydride 

(r) Form amphoteric oxide 

(s) Do not impart any colour 
to Bunsen flame 

List-n 

(Use of compounds) 

(p) Fertilizer 

(q) Purgative 

(r) As a constituent of sorel 
cement 

(^). As a constituent-of lithopone^ 

(t) Refractory rfiaterial 



1 . (a-p, q) (b-r) (c-p) (d-s) 4 . (a-q, r, s) (b-p) (c-p) (d-s) 

2 . (a-q-u) (b-s-v) (c-r~x) (d-p-w) 5 . (a-r, t) (b-s) (c-p) (d-q) 

3 . (a-q) (b-q) (c-p) (d-H-) (e-s) 


I Assertion-Reason Type Questions 


In each of the following questions, two statements are given 
as Assertion (A) and Reason (R). Examine the statements and 
answer the questions according to the instructions given below. 
Mark: 

(a) if both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) if both (A) and (R) are correct and (R) is not the correct 
explanation of (A)* 

(c) if (A) is correct and (R) is wrong. 

(d) if (A) is wrong and (R) is correct. 

(e) if both (A) and (R) are wrong. 

1 . (A) BerylEum and magnesium do not impart characteristic 

colour to the Bunsen-bumer flame. 

(R) Both Beryllium and magnesium have high ionisation 
energy. 

2 . (A) Be(OH)2 dissolves in excess of NaOH, 

(R) Be(OH)2 is an amphoteric compound. 

3 * (A) AlkaUne earth metals are softer than alkali metals. 

(R) Atomic radii of alkaline earth metals are smaller than 
corresponding alkali metals in the same periods of 
periodic table. 


4 . (A) Beryllium compounds are covalent in nature. 

94 . . 

(R) The size of Be ion is larger in comparison to the radii 
of the other divalent ions of alkaline earth metals. 

5 . (A) Lithium resembles magnesium, 

(R) Lf has same size as Mg^^. [A.I.I.M.S. 1997 ] 

6 . (A) The fluorides of alkaline earth metals are almost 

insoluble in water. 

(R) The lattice energies of the fluorides of alkaUne earth 
metals are very high. 

7 . (A) Sulphur is estimated as BaS04 and not as MgS04. 

(R) The ionic radius of Mg^'*' is smaller than that of 

ion. [U.T. 1998 ] 

8 * (A) Na2S04 is soluble in water but BaS04 is insoluble. 

(R) Lattice energy of barium sulphate exceeds its hydration 
energy. [A.LLM.S. 1997 ] 

9 » (A) MgO is used for lining of steel making furnace. 

(R) MgO is an acidic flux. 

10 . (A) Magnesium gets oxidised when heated in CO2 or SO2 
atmosphere. 

(R) Magnesium has a strong affinity for oxygen. 
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1 . (a) 2 . (b) 3 * (d) 4. (c) 5 . (a) 6 . (a) 7 . (b) 8 , (a) % (c) 10 * (a) 



THOUGHT 1......... 

Both alkaline earth metals and alkali metals are 5 -block elements. 
They resemble with each other in many respects but still there are 
certain dissimilarities in their properties on account of different 
number of electrons in the valency shell, smaller atomic radii, 
higher ionisation potential, bdgher electronegativity, etc. 

Like lithium, beryllium also differs from rest of the alkaline earth 
metals on account of its smaD atomic size and high electro¬ 
negativity. Be^ ion is very small and exerts a high polarising effect 
on any anion associated with it 

1 . The correct sequence of increasing covalent character is 
represented by : 

(a) BeQa < NaCl < LiCl (b) NaCl < LiCl < BeCh 
(c) BeCl2 < LiCl < NaCl (d) LiCl < NaCl < BeCl2 

2 . Which is least thermally stable ? 

(a) Li2C03 (b) M^Os 

(c) BaCOa (d) BeCOa 

3 . Which of the following statements are true for II A group 
elements ? 

(a) Lattice energy of oxides, c^bonates, fluorides d^reases 
from Be to Ba. 

(b) All form nitrides in air 

(c) The solubility of the hydroxides increases from Be to Ba. 

(d) All are correct. 

4 . The alkaline earth metal which does not directly combine with 
hydrogen is : 

(a) Be (b) Ca 

(c) Sr (d) Ba 

5 . The solubility in water of sulphates down the HA group is : 

Be > Mg > Ca > Sr > Ba 
This is due to : 


cium aluminates and silicates. The important raw materials n^ded 
for the manufacture of cement are, limestone, clay and gypsum. 
The main step in the manufacture of cement is the heating of raw 
meal or slurry in the rotary kiln at a very high temperature 1400 - 
1600 “C. Finally 2 or 3 % gypsum is added. 

When cement is mixed with water and left as such for some 
time, it t^omes a hard mass. This is known as setting of cement. 
It is believed that various aluminates and silicates present in the 
cement form hydrates- with-water which separate in the formnof 
gel. The gels formed start losing water partly by evaporation and 
partly by forming hydrates with unhydrated constituents. This re¬ 
sults in the formation of a hard mass. 

1 . Portland cement does not contain : 

(a) CaSi04 (b) CaSiOs 

(c) Ca 3 Al206 (d) Ca3(P04)2 

2 . Setting of cement is : 

(a) exothermic reaction (b) endothermic reaction 

(c) hydration process (d) none of these 

3 . The {^rcentage of lime in portland cement is approximately : 

(a) 20 - 25 % (b) 30 - 40 % 

(c) 60 - 65 % (d) 40 - 50 % 

4 . Concrete is a mixture of: 

(a) cement, sand, qravel and water 

(b) cement, limestone and water 

(c) cement, slaked lime and water 

(d) cement, sand and water 

5 * Gypsum is added to portland cement: 

(a) to fasten the process of setting 

(b) to slow down the process of setting 

(c) to improve the colour of the cement 

(d) all of the above are incorrect 


(a) increase in melting point 

(b) increasing molecular mass 

(c) decreasing lattice energy 

(d) high heat of solvation for smaller ions 

6* Which of the bicarbonate does not exist in solid state ? 

(a) NaHCOs (b) KHCO3 

(c) CaCHCOs^ (d) RbHC03 

7 . The element which does not directly combine with carbon 
on strong heating : 

(a) li (b) Be 

(c) K (d) Ca 

THOUGHT ... 

Cement is one of the most important building material of the 
present time. It is a dirty greyish heavy powder containing cal¬ 


THOUGHT 

Metal nitrate (A) on heating decomposes, leaving a solid residue 
(B) which goes into solution with dilute HCl. The solution of (B) 
gives a white precipitate with ammonium carbonate solution. The 
precipitate (Q is dissolved in dilute HCl and the solution is treated 
with potassium chromate to get yellow precipitate (£)). The solution 
(B) with dilute H2SO4 also gives a white precipitate (£) insoluble 
in dilute HCl and nitric acid. The precipitate (E) is a part of a white 
pigment litho|K>ne. 

1 . The compound (E) is : 

(a) BaS04 (b) MgS04. 

(c) CaS04 (d) Na2S04 

2 * The yellow precipitate (D) is : 

(a) PbCi04 (b) BaCi04 

(c) CaCi04 (d) none of these 






The metal nitrate (A) is 

(a) Ca(N03)2 

(c) Ba(N03)2 

The solid residue (B) is 

(a) CaO 

(c) ZnO 


(b) Pb(N 03)2 
(d) KNO3 


(a) CaO (b) PbO 

(c) ZnO (d) BaO 

5 . The nitrate (A) can be confirmed by flame test. The colour 
imparted by the salt to the flame is : 

(a) yellow (b) green 

(c) blue (d) red 

THOUGHT 4 

Limestone is a naturally occuring form of calcium carlx>nate. It 
is used as building material ^d also for manufacture of other 
building materials such as Portland cement. It is used for the 
production of quick lime and slaked lime which have wide 
applications in chemical, metallurgical and construction industry. 
The pure GaCQ3y-called precipitated -calGium carbonate, is used 
extensively as filler providing bulk to materials such as paint, 
plastics, printing inks and rubber. It is also used in toothpastes, 
cosmetics and antacids. Quick lime and slaked lime are the 
cheapest and most widely used bases for neutralising unwanted 
acids. Lime is used to neutralise acidic soils. An important 
application of quick lime is in air pollution control for the removal 
of SO2 in electric power plants. Slaked lime is used in the 
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manufacture of other alkalies and bleaching powder, in sugar 
refining, in tanning hides and in water softening. 

1 . The substance not likely to contain CaC03 is : 

(a) dolomite (b) a marble statue 

(c) sea shells (d) calcinol gypsum 

2 . Slaked lime reacts with chlorine to give : 

(a) Caa2 (b) CaO 

(c) CaOa2 (d) CaC03 

3 . Quick lime is : 

(a) CaO (b) CaC03 

(c) Ca(OH)2 (d) CaS04 

4 The drying agent which absorbs CO2 and reacts violently 
with water is : 

(a) sodium carbonate (b) quicklime 

(c) cone. H2SO4 (d) alcohol 

5 . Chemical compound ‘A* is used to remove temporary hard¬ 
ness from water. It reacts with Na2C03 to generate caustic 
soda. When CO2 is passed through ‘A’ it turns cloudy. What 

'is‘A’?' ... . . ” 

(a) CaC03 (b) Ca(HC03)2 

(c) Ca(OH)2 (d) CaCl2 

6. Quick lime is used in electric power plants with carbon to 
check pollution. What product of calcium is formed? 

(a) C^03 (b) C^04 

(c) CaS (d) CaSO4 l0H2O 


11 



The answer to each of the following questions is a single 
digit integety ranging from Q to 9 . 

How many alkaline earth metals are known? 

How many water molecules are associated with 'Epsom salt'? 
Magnesium oxide when mixed with a saturated solution of 
magnesium chloride sets to a hard mass like cement known 
as ‘sorel cement’. The composition of sorel cement is 
MgO2«Mg0xH20. What is the value of nl 




4. On heating calcium ammoniate, ammonia and hydrogen are 
evolved. How many moles of ammonia are evolved when 1.5 
moles of calcium ammoniate are heated ? 

5 . Magnalium is an alloy of aluminium and magnesium. What 
is the percentage of magnesium in this aUoy? 

6. Calcium carbide reacts with nitrogen and forms an important 
fertilizer, calcium cyanamide. How much calcium cyanamide 
is formed when 3.2 g of calcium carbide is completely 
converted into cyanamide? 


1. (6) Be, Mg, Ca, Sr, Ba and Ra are alkaline earth metals, 

2. (7) Epsom salt has the molecular formula, MgS04-7H20. 

3. (5) MgCl2-5Mg0jcH20 


(8) 3Ca(NH3)6- 
3 moles 
1.5 moles 


^Ca3N2 + 16NH3+3H2 

16 moles 
8 moles 


5. (5) Magnalium : 95% A1 4- 5% Mg 


6. (4) CaC2+N2- 

64 g 


“4 CaCN2 + C 

80 g 

-xl2 = 4 







Revision Exercise 
(Chapter 5 to 7) 



SINGLE CORRECT ANSWER TYPE 

L The pair that yields the same gaseous product on reaction 


with water: 

(a) K and KO2 □ (b) Ca and CaH2 □ 

(c) Na and Na202 □ (d) Ba and Ba02 □ 

2 . Acidified K2Cr207 on oxidation by H2O2 gives : 

(a) Blue solution □ (b) Cr05 □ 

(c) Chromium peroxide □ (d) all of these □ 

3 . Select the reaction which does not occur. 

(a) NaNHa+C-^^^NaH + HCN □ 

”(bT eNaOH + 4S-2!4Na2S203 + 2Na2S + SHaO □ 

(c) Na(NH4)HP04-^^NaP03 + NH3 + H20 □ 

(d) 2KO2 + 2H2O —^ 2 KOH + H2O2 + O2 □ 

4 The order of increasing themial stabilities of 

K2CO3, MgC03, CaC03, BaC03 is: 

(I) (H) (IB) (IV) 

(a) IVicII<I<ra □ (b) IV<II<in<I □ 

(c) ii<ni<iv<i □ (d) n<iv<iii<i □ 

5. Alkali metals form hydrated compounds. The hydmtion 
enthalpies of alkali metals are in the sequence of : 

(a) >Lf >Na'*‘>K'^ >CS‘^ □ 

(b) CS'^ > Rb+>K'" >Na+>Lf □ 

(c) Li"" >Na+>K:^ >Rb+>CS'' □ 

(d) K"' >Na''>Lf >Rb''>CS"‘ □ 

6. The stength of 10 volume solution of hydrogen peroxide is: 

(a) 22 . 79 g/L □ (b) 30.36 g/L □ 

(c) 18 . 5 g/L □ (d) 25.67 g/L □ 

7 . Ozone reacts with H2O2 to give oxygen. One volume of ozone 
gives : 

(a) one volume of oxygen □ 

(b) half volume of oxygen □ 

(c) 1.5 volume of oxygen □ 

(d) two volumes of oxygen □ 

8. Which of the following is incorrect ? 

(a) Hydrogen > Deuterium > Tritium (% relative abundance) 

o. 

(b) Hydrogen > Deuterium > Tritium (melting point) □ 

(c) Hydrogen < Deuterium < Tritium (boiling point) □ 

(d) Hydrogen < Deuterium < Tritium (dissociation energy) 

□ 

9 . Highly pure dilute solution of sodium in liquid ammonia : 

(a) shows blue colour □ 

(b) exhibits electrical conductivity □ 

(c) acts as a reducing agent □ 


(d) all of these □ 

10 . The deep colour produced when iodine is dissolved in a 
solution of KI is caused by the presence of : 

(a)- li □ (b) F □ 

(c) li □ (d) I2 □ 

11 . Dissolving NaNH2 in water will give : 

(a) a solution containing solvated Na"^ ions, OH” ions and 

NH3. ' □ 

(b) a solution containing solvated Na’^ and NH2 ions □ 

(c) NH3 and metallic sodium □ 

(d) solvated Na”^ ions and hydrogen gas._□_ 

12 . Temporary and permanent hardness can be removed by 

addition of..and ..respectively. 

(a) CaO,CaC03 □ (b) Ca0,Na2C03 • □ 

(c) Na2C03,Ca0 □ (d) NaHC03,Caa2 □ 

13 . CO2 gas along with solid (F) is obtained when sodium salt 
(X) is heated. (X) is again obtained when CO2 gas is passed 
into aqueous solution (F). (X) and (F) are : 

(a) Na2C03,Na20 □ (b) Na2C03,Na0H □ 

(c) NaHC03,Na2C03 □ (d) Na2C03,NaHC03 □ 

14 A metal M readily forms water soluble MSO4. It also forms 
oxide MO which becomes inert on heating. Hydroxide M(OH)2 
is insoluble in water but soluble in NaOH solution. What is 
M? 

(a) Mg 6 (b) Ba ’ □ 

(c) Ca □ (d) Be □ 

15 . The correct order of equivalent conductivity at infinite 
dilution of LiCl, NaCl and KCl is : 

(a) Lia > NaCl > KCl □ (b) KCl > NaCl > LiCl □ 

(c) NaCl > KCl > LiCl □ (d) LiCl > KCl > NaCl □ 

16 . Strong reductant in IIA and lA group is : 

(a) Ba,Li □ (b) Be, Li ' □ 

(c) Ba, Cs □ (d) Ca, K □ 

17 . The compound (A) on heating gives a colourless gas. The 
residue is dissolved in water to obtain (B), Excess of CO2 is 
bubbled through aqueous solution of (B), (C) is formed. (C) 
on gentle heating gives back (A). The compound (A) is : 

(a) CaC03 □ (b) Na2C03 □ 

(c) K2OO3 □ (d) CaS04*2H20 □ 

18 . An alkaline earth metal (M) gives an insoluble sulphate. The 
mixture of the sulphate and a sulphide of 3 ^-block metal 
forms a white pigment which is known as lithophone. Metal 
(M) is : 

(a) Ca □ (b) Mg □ 

(c) Ba □ (d) Sr □ 

19 . The electrical conductivity of sodium dissolvol in liquid NH3 
is due to : 
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(a) ammoniated Na'*' ions □ (b) ammoniated electrons □ 

(c) both (a) and (b) □ (d) none of these □ 

20 . Which of the following compounds is known as pearl ash? 

(a) KMn04 □ (b) K2CO3 □ 

(c) KI - □ (d) KOH □ 

21. Slaked lime is obtained when water is added to : 

(a) CaS04 |H2P □ (b) CaClj □ 

(c) CaCOa □ (d) CaO □ 

22 . Which of the following is generally used for clearing snow 
from roads during winters in cold countries? 

(a) CaFa □ (b) MgCla □ 

(c) SrCl2 □ (d) Caa2 □ 

23 . The hydride gap refers to inability of : 

(a) noble gases to form hydrides □ 

(b) elements of group 7 , 8 and 9 of the c/-block to form 

hydrides □ 

(c) hydrogen to react with saturated hydrocarbons □ 

(d) s-electrons of valency shell of p~block elements to parti¬ 
cipate in bonding □ 

24 . Hydride of certain non-metallic element 'X' is amphoteric in 

nature. The hydride of ‘X’ also reacts with calcium hydride 
(hydrolith) to liberate dihydrogen gas. The element ‘X' is: 

(a) nitrogen □ (b) carbon □ 

(c) oxygen □ (d) sulphur □ 

25 . In which of the following reactions water does not act as 
hydrolytic agent? 

(a) CaC2 + H2O- > □ (b) PBra + H2O-> □ 

(c) Ca3P2 4“ H2O-> D (d) NH3 + H2O-> D 

26 . Which elements out of the following do not produce 


hydrogen on treatment with caustic soda? 

(l)Zn ( 2 )Sn ( 3 ) Mg ( 4 )Cu ( 5 )A 1 

(a) ( 1 ) and ( 5 ) □ (b) ( 3 ) and ( 4 ) □ 

(c)( 4 ) and ( 5 ) □ (d)( 2 ) and ( 4 ) □ 

27 . Which of the following hydrides does conduct electricity? 

(a) CMl2 n (b) S 1 H 4 □ 

(c) B2H6 □ (d) NaH □ 

28 . Sodium oxide cannot be obtained by heating which of the 
following? 

(a) NaOa □ m NaHC03 □ 

(c) NaNOs □ (d) all of these □ 

29 . Portland cement contains the following amount of CaO : 

(a) 70 - 80 % □ (b) 20 - 35 % □ 

(c) 50 b 0 % □ (d) 5 - 15 % □ 

30 . Magnesium is obtained by : 

(a) el^trolysis of fused MgCl2 □ 

(b) reduction of MgCl2 with carbon □ 

(c) electrolysis of aqueous solution of MgCl2 □ 

(d) roasting of MgC03 □ 


ONE OR MORE THAN ONE CORRECT 
ANSWERS TYPE 

31 . Identify the correct statements : 

(a) Mass of H-atom is 1.66 x 10 ”^^ kg. , □ 

(b) Cu dissolves in H2SO4 and liberates H2. □ 

(c) H2 is liberated by the action of A 1 with cone. NaOH. □ 

(d) Hydrogen contains at room temperature 25 % para and 

75 % ortho form. □ 

32 . Identify the incorrect statements : 

(a) The reactivity of hydrogen towards halogens is in the 

order CI2 > Br2 > I2 > F2. O 

(b) The oxides of hydrogen and deuterium are neutral. □ 

(c) Molecular hydrogen reduces ZnO and CuO to Zn and 

Cu respectively. □ 

(d) Atomic hydrogen reduces KMn04 lo metallic 

manganese. □ 

33 . When chlorine is passed through NaOH solution unto 
different dilutions, the main products formed are : 

(a) NaCl,NaC 10 □ (b) NaCl,NaC102 □ 

(c) N^l,NaC103 □ (d) NaCl,NaC104 □ 

34 . Which of the following metals do react with nitrogen when 
heated in its atmosphere? 

(a) Ca □ (b) Mg □ 

(c) U □ (d) K □ 

35 . Which of the following nitrates give NO2 on heating? 

(a) N#103 □ (b) Ba(N03)2 □ 

(c) KNO3 □ (d) liNOs □ 

Which of the following statements about alkaline earth metals 
are correct? 

(a) Hydration energy of Sr^^ is greater than that of Be^'^.D 

(b) CaC03 decomposes at a higher temperature than BaC03. 


□ 

(c) Ba(OH)2 is stronger base than Mg(OH)2. □ 

(d) SrS04 is less soluble in water than CaS04. □ 

37 . In which of the following alloys Mg is present ? 

(a) ' Electron □ 

(b) Magnalium □ 

(c) Duraliiminium □ 

(d) Aluminium bronze □ 

38 . KO2 finds use in oxygen cylinders used for space and 
submarines. Ihe fact(s) related to such use of KG2 is/are : 

(a) it produces O2 □ 

(b) it produces O3 □ 

(c) it absorbs CO2 □ 

(d) it absorbs N2 and CO2 both □ 

39 . In comparison to alkaline earth metals, alkali metals are : 

(a) more reactive □ (b) less reducing □ 

(c) more soft □ (d) more basic □ 


Revision Exercise : 2 (Chapter 5 to 7 ) 


40 . Select the wrong statement: 

(a) The formula of plaster of paris is CaS04‘2H20. □ 

(b) MgC03 is commonly used in making toothpaste, □ 

(c) BeO is a basic oxide, □ 

(d) Calcium fluoride is insoluble in water. □ 


ASSERTION-REASON TYPE QUESTIONS 

Each of the following questions contains statements of 
Assertion (A) and Reason (R). Mark the correct answer according 
to the following code : 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 

explanation of (A), ' 

(c) If (A) is correct but (R) is incorrect. 

(d) If both (A) and (R) are not correct! 

41 . (A) Hydrogen peroxide in the form of aqueous solution acts 

as a bleaching agent-of delicate materials such as wool, 
silk, cotton, hair, etc. 

(R) H2O2 acts as a bleaching agent due to its oxidising nature. 
Coloured material + [O]- > Colourless 

42 . (A) Normal hydrogen is a mixture of two forms : ortho 75 % 

and para 25 %. 

(R) Pure para-form can be obtained at low temperature but 
pure ortho-form cannot be obtained. 

43 . (A) Lithium when heated in the atmosphere of nitrogen forms 

lithium nitride while other alkali metals do not combine 
with nitrogen. 

(R) Lithium is the most reactive alkali metal as its ionisation 
potential is lowest amongst alkali metals. 

44 . (A) K2CO3 like Na2C03 can be prepared by Solvay's process. 
(R) K2CO3 on heating decomposes giving carbon dioxide. 

45 . (A) Alkaline earth metals are harder than alkali metals. 

m The metaUic bonding is higher in alkaline earth metals as 
these possess two electrons in the valence shell. 

46 . (A) Chemical reduction methods are not ^plicable for the 

extraction of alkali and alkaline earth metals. 

(R) Alkali and alkaline earth metals are themselves strong 
reducing agents. 

47 . (A) Magnesium and beryllium do not impart colour to flame, 
(R) Both have high ionisation energies, 

48 . (A) Li'*' has low mobility in aqueous solution. 

(R) Lithium ion has low tendency of hydration as its size is 
small. 

49 . (A) H2O2 is a neutral compound. 

(R) H2O2 is an ionic compound. 

50 . (A) Suf^roxides are formed by K, Rb and Cs. 

(R) Superoxides are paramagnetic and coloured. 
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MATRIX MATCHING QUESTIONS 

51 . Match Column-I with Coluitm-II: 

Column-l Column-n 


(a) .Na202 

(p) Oxidising 

(b) KO 2 

(q) Reducing 

(c) CMl2 

(r) Oxone 

(d) LiA]H4 

(s) Alanate 

(t) Hydrolith 

Match Column -1 with Column-II: 

Column-l 

CoIumn-n 

(a) Sodium 

(p) Laboratory reagent 

(b) Sodium carbonate 

(q) Washing soda 

(c) Potassium 

(r) Photoelectric cell 

(d) Caesium 

(s) Nuclear reactor 

(t) Special thermometers to 


measure high tem^rature 

Match Column-I with Column-II: 

Column-I 

Coliimn-n 

(a) NaQ 

(p) Sylvine 

(b) m 

(q) Brine 

(c) Mga 2 

(r) SorePs cement 

(d) CaCN2+C 

(s) Rock salt 

(t) Fertilizer 


LINKED COMPREHENSION TYPE 
Passage 1 

Lithium and beryUium, the first members of alkali metals and 
alkaline earth metals respectively, show anomalous behaviour Le., 
differ from the rest of the members of their family. The main reasons 
for their difference am : 

(i) exceptionally small atomic and ionic size 

(ii) high ionisation energy 

(iii) absence of d-orbitals in their valence shell 

(iv) high polarising power of the cations 
Answer the following questions : 

54 . Which of the following has the lowest melting point? 

(a) LiCl (b) NaCl 

(c) KQ (d) RbCl 

55 . Mg and Li are similar in their properties due to : 

(a) same e/m ratio (b) same electron affinity 

(c) same group (d) same ionic potential 

56 . Which of the following alkali metal ions has the minimum 
ionic mobility in aqueous solution? 

(a) Na-' (b) K'' 

(c) (d) Cs-" 
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57 . Be(OH)2is; 

(a) acidic (b) basic 

(c) amphoteric (d) neutral 

58 . Which is least thermally stable? 

(a) lijOOa (b) MgCOa 

(c) BaCX)3 (d) BeCOa 

Passage 2 

Hydrogen gas has been considered as one of the alternate 
sources of energy. The advantage of using hydrogen as a fuel is 
that it is environmentally clean. The second advantage with 
hydrogen is that the heat of combustion of hydrogen per gram is 
higher than any other fuel. But, there are many problems in storing 
and transportation of hydrogen gas. 

Answer the following questions : 

59 . Which fuel does produce least environmental pollution? 

(a) Gasoline (b) Hydrogen 

(c) Wood (d) Coal 

60 . Liquid H2 has been used as a rocket fuel because of : 

(a) high thrust 

(b) small space it occupies 

(c) its reaction with oxygen is highly exothermic 

(d) all the above are correct 

61 . Which methods can be used to store hydrogen? 

(a) By absorbing hydrogen on activated carbon 

(b) Reacting hydrogen with lithium to form LiH 

(c) The alloy, LaNi5, has high capacity to take up hydrogen 

(d) All of the above 

Passage 3 

The solubility of an ionic compound in water mainly depends 
on two factors. 

(i) Lattice energy and (ii) hydration energy 
Both these factors oppose each other and the resultant of these 
guides the solubility of the compound in water. If lattice energy 


has greater value, the solubility is less. In case, hydration energy 
is more, then the compound is freely soluble in water. 

Answer the following questions : 

62 . Compounds of alkaline earth metals are less soluble in water 
in comparison to alkali metals. This is due to : 

(a) their higher ionisation energies 

(b) their high lattice energies 

(c) their high hydration energies 

(d) their increased covalent nature 

63 . Which of the following is most soluble in water? 

(a) MgS04 (b) CaS04 

(c) SrS04 (d) BaS04 

64 . BeF2 is soluble in water whereas fluorides of other alkaline 
earth metals are insoluble because of : 

(a) ionic nature of BeF2 

(b) covalent nature of BeF2 

(c) greater hydration energy of Be^"^ ion 

(d) greater lattice enrgy of Be?^ ion , . .. . 

INTEGER ANSWER TYPE 

65 . How many alkali metals are known? 

66. How many neutrons are present in tritium atom? 

67 . How many isotopes of hydrogen are known? 

68. In water, each H2O molecule is surrounded by ........ neigh- 

bouring H2O molecules randomly by hydrogen bonding. 

69 . What is the degree of hardness of a sample of water 
containing 10.8 mg of MgS04 (Mol. mass 120 ) per kg of 
water? 

70. Of all the alkali metals, only sodium and potassium are found 
in abundance in nature Le., they are ....th and ....th most 
abundant elements by weight in earth’s crust. 

71. How many water molecules are present as water of 
crystallisation in the molecule of gypsum? 


^/4ft4C(ji0i4 mtd 


1. (b) Both Ca and CaH2 on reaction with water evolve hydrogen gas. 

Ca + 2H2O-> Ca(OH)2 + Ha 

CaHa + 2H2O-> Ca(OH)2 + 2H2 

2 . (d) 

KaCraO? +H2SO4 +4H2O2—ICrOs + K2SO4 +5H2O 

Chmmium 

peroxideCblue) 

3. (a) NaNH2 + C ..> NaCN + Ha t 

4 . (c) Alkali metals carbonates except Li2C03 do not decompose on 

heating. The thermal stability of alkaline earth metals carbonates 
increases from top to bottom. 


5 . (c) Smaller the ion, higher is degree of hydration Le., hi^ is 

hydration enthalpy. Thus, the hydration enthalpies decrease as 
the size of ion incre^es from Li"*" to Cs”*". 

17 17 

6. (b) % strength ” ^ volume strength = x 10 = 3.036 

/.e., 30.36 g/L 

7 . (d) H2O2+O3->H20+202 

l vol . 2 V 0 I 

8. (b) Hydrogen < Deuterium < Tritium 

13.90 K 18.50 K 20.«) K (melting point) 

9 . (d) 
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10. (a) KI + I 2 -> KI 3 aj) 

11. (a) NaNHz + HjO-» Na-'(a 9 .) + OR- + NH 3 

12 . (b) M(HC 03 ) 2 +Ca 0 -» MCO 3 + CaC 03 + H 2 O 

Insoluble 

MCl 2 + Na 2 C 03 -> MC 03 + 2 NaCl 

Insoluble Soluble 

MSO 4 -f Na 2 C 03 -> MCO 3 + Na 2 S 04 

Insoluble Soluble 

13. (c) ' 2 NaHC 03 -^ Na 2 C 03 + CO 2 + H 2 O 

(X) (Y) . 

Na2C03 + H2O + CO2-^ 2NaHC03 

(X) (Y) ■ 

14. (d) BeS 04 is soluble in water. BeO becomes inert on heating. 

Be(OH )2 is insoluble and reacts with NaOH. The product is 
soluble in water. 

Be(OH)2 + 2 NaOH^-»Na 2 Be 02 + 2H2O 

Soluble 

15. (b) Ionic mobility depends on the size of ion. The ionic size in 

case of hydrated cation is K+, < Na^, < Li+^ . 

16. (a) The maximum value of oxidation potential of lithium makes it 

strongest reducing agent amongst alkali metals. 

The values of oxidation potentials increase from top to bottom 
in IIA group. Thus, Ba is a strong oxidising agent. 

17. (a) CaCOs-> CaO + CO 2 

(A) Colourless 

H2O gas 

V 

CO 2 -»Ca(OH),-> Ca(HC 03)2 -^^CaCOs 

(B) (C) (.4) 

18. (c) (BaS 04 + ZnS) is a white pigment known as lithophone. 

19. (c) Na + (x + y) NH3 -> Na+(NH 3 )j, + 

20 . (b) 

21 . (d) Ca 0 + H 20 ->Ca(OH )2 

Slaked liirse 

22. (d) 23. (b) 

24. (c) 'X' is oxygen. H 2 O is amphoteric. 

CaH2 + 2H2O-> Ca(OH)2 + 2H2 

25. (d) Water acts as a proton donor when it reacts with NH 3 . 

26. (b) 

27. (d) NaH is an ionic hydride. In molten state, it conducts electricity. 


28 . (d) 2 NaOCl-^ 2 NaCl + O2 

2NaHC03-» Na2C03 + H2O + CO2 

2 NaN 03 -> 2NaN02 + O 2 

29 . (c) 30 . (a) 

31 . (a, c, d) 

32 . (a, d) The reactivity of hydrogen towards halogens is in the order 
F2 > CI2 > Br2 > h- Atomic hydrogen reduces acidified KMn04 
to manganous salt. 

33 . (a, c) CI2 + 2 NaOH-> NaCl + NaClO + H2O 

Dilute 

3CI2 + 6 NaOH-> 5 NaCl + NaC103 + SHaO 


34. (a, b, c) 

3 Ca + N2 — 

Ca 3 N 2 


3 Mg+N 2 ~ 

-^.Mg 3 N 2 


6 Li + N2 — 

2 Li 3 N 

—^ BaO + 2NO2 + 2 ^2 

35 . (b, d) 

Ba{N 03)2 — 


2LiN03 

-4 LiaO + 2NO2 + |o 2 


36 . fed) 37 .(a, b, c) 38 . (a, c) 39 . (a, c, d) 

40 . (a, c) The formula of plaster of pans is CaS04*2H20. 

BeO is an amphoteric oxide. 

41 . (a) 42 . (b) 43 . (c) 44 . (d) 45 . (a) 46 . (a) 47 . (a) 

48 . (c) 49 . (d) 50 . (b) 

51 . (a^p, r); (fep); (c-q, t); (d-q, s) 

52 . (a-p, s, t); (b-ip, q); (c™r, t); (d~r) 

53 . (a-q, s); (b-p, t); (c-r); (d-t) 

54 . (a) Due to high polarising power of Li"^ ion, LiCl shows somewhat 

covalent nature. 

55 . (d) 

56 . (c) Li*^ ion being smallest in size high degree of hydration. 

57 . (c) Be(OH)2 combines both with acid ,and alkali. 

58 . (d) 59 . (b) m. (d) 61 . (d) 

62 , (b) The cations have small ionic size and double the charge in 

comparison to alkali metal ions. Therefore, their lattice energies 
are high. 

63 . (a) 64 . (c) 65 .( 6 ) 66 . ( 2 ) 67 .( 3 ) 68 .( 4 ) 

69 . ( 9 ) 10.8 mg of MgS04 is present in 10 ^ g of water. 

Thus, 10 ^ g of water contains = 10800 mg of MgS04 

= 10.8 gofMgS04 
120 g MgS04 = 100 g of CaCOa 
inn 

So, 10.8 g of MgS04 = X 10.8 = 9 g CaC03 
Hardness of water = 9 ppm 


70 . (7 and 8 ) 

71 . ( 2 ) 


Group 

IIIAor13 
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B 

^rdh 


13 

Al 

Aluminium 

3s^3p^ 


31 

Ga 

Gallium 


49 

In 

Indium 

Ss^Sp’ 
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bM general characteristics of 

GROUP IIIA OR 13 ELEMENTS 


Ferioa\^^ 

IDA 

13 

WA 

14 

2 

B 

(5) 

c 

(6) 

3 

Al 

(13) 

Si 

(14) 

4 

Ga 

(31) 

Ge 

(32) 

5 

In 

(49) 

Sn 

(50) 

6 

Tl 

(81) 

Pb 

(82) 

7 

Uut 

(113) 

Uuq 

(114) 


Group IIIA or 13 of the long form of the periodic table consists 
of six eletnents—^boron, aluminium, gallium, indium, thallium 
and ununtrium. These are p-block elements as the last 
differentiating electron enters np orbital. The configuration of 
the outermost energy shell is ns^ np\ i.e., this group marks 
the beginning of the p-block elements. Since the members of 
this group possess three electrons in the outermost or in their 
valency shell, they have many similarities in their properties. 
However, the penultimate shell (next to the outermost) contains 
s^-grouping in boron, ^p^ (8 electrons) in aluminium and 
s^p^d^^ (18 electrons) in other elements (Ga, In, Tl and Uut). 
This shows why boron differs from aluminium and both boron 
and aluminium having noble gas kernel differ from other four 
elements. The electronic configuration of these elements is 
given below: 


Element 

At No. 

Electronic configuration 

Inert gas core 

B 

5 

2,3 

2 / 2p' 

[He] 2/ 2p‘ 

Al 

13 

2, 8, 3 

ls\ 2^ 2ffi, 3s^ 3p' 

[Ne] 3? 3p‘ 

Ga 

31 

2, 8, 18, 3 

2s^ 2 /, 3s^ 3p^ 3d'®, 4i^ 4p' 

[At] 3d'“, 4/ 4p‘ 

In 

49 

2, 8, 18. 18, 3 

2p^ 3 / 3p^ 3d'°, 4j^ 4p® 4d'°, s/ 5p' 

[Kr] 4d'“, 55^ 5p' 

Tl 

81 

2, 8, 18, 32, 18, 3 

1 /, 2,^ 2p^ 3 / 3p® 3d‘‘’, 4s^ 4p® 4d“ 4/'"^, 5/ 5p® 5d'° 6/ 6p‘ 

[Xe] 4/“*, 5d'“ 6s^ 6p' 

Uut 

113 

2, 8, 18, 32, 32, 18, 3 

l/, 2/ 2p^ 3s^ 3p® 3d‘°, 4/ 4p^ 4d“ 4/'*, 5 j^ s/ 5d’° 5/'*, 

[Rn] 5/‘^ 6d'“. 7s^ 7p‘ 




6/ 6d‘° 7p' 
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The members of this group are less metallic in comparison 
to elements of lA (alkali metals) and IIA (alkaline earth metals) 
groups. Boron is regarded as a semi-metal. It is closer to non- 
metals than metals in its properties. Aluminium and rest of the 
elements are metallic in nature. General characteristics of these 
elements* are discussed below : 

1. Abundance and occurrence : Aluminium is the most 
abundant metal and third most abundant element (after oxygen 
and silicon) by mass in the earth’s crust. The most important 
ore of aluminium is bauxite. Boron is fairly rare element but it 
is well known because it occurs as concentrated deposits of 
borax, kemite and tourmaline crystal. Gallium is twice as 
abundant as boron, but indium and thallium are much less 
common. All the three elements (Ga, In and Tl) occur as 
sulphides in traces in zinc and lead sulphide ores. 

2. Atomic and ionic radius : The atomic radius increases 
from boron to thallium. Ionic radius (M^'*') also increases. 

However, gallium has an abnormal value of atomic radius, 
which is lower than that of aluminium. 



B 

Al 

Ga 

In 

Tl 

Atomic radius (pm) 
(Metallic) 

85 

143 

135 

167 

170 

Ionic radius (pm) 

27 

53.5 

62 

80.0 

88.5 

[There is no evidence for the existence of B^ and the value 


of ionic radius is an estimate.] 

The sharp increase of atomic radius of A1 is due to greater 
screening effect in aluminium due to the presence of eight 
electrons in the penultimate shell than in boron which has .two 
electrons in the penultimate shell. Thus, outermost electrons in 
boron experience greater nuclear attraction than in aluminium 
resulting thereby smaller atomic radii in boron in comparison 
to aluminium. 

Ga, In and Tl follow after a row of ten transition elements. 
Thus, there are ten d electrons in the penultimate shell which 
are less efficient in shielding the nuclear charge and outer 
electrons are firmly held by nucleus. Thus, atoms with a 
inner shell are smaller than would otherwise te expected. 

The large difference in size between B and A1 lesults in 
many differences in properties. 

The smaller value of gallium in compari^n to aluminium is 
due to the fact that in going from A1 to Ga the penultimate 
d-orbitals are filled in the first d-block series from Sc(21) to 
Zn (30). The r^-electrons do not scr^n the nuclear charge in 
an effective manner and therefore, the electrons in the outermost 
shell of gallium experience more force of attraction towards 
nucleus than aluminium, causing thereby decrease in atomic 
radius. 

The atomic and ionic radii of group 13 elements are smaller 
than the corresponding elements of group 1 and 2 in the same 
period. 


Group 


I 

li > 

(152 pm) 

Na > 

(186 pm) 


2 

Be > 

(112 pm) 

Mg > 

(160 pm) 


3 

B 

(85 pm) 
A1 

(143 pm) 


This is due to the fact that effective nuclear charge increases 
and electrons are pulled inwards resulting in a decrease in 
atomic size. 

In isoelectronic species, the ionic size decreases with increase 
in atomic number, Le,, z/e ratio. 

Na^ > ' 

(102 pm) (72 pm) (53.5 pm) 

3. Densi^ ; Density increases from boron to thallium. 
However, boron and aluminium have comparatively low values. 
This is due to their lower atomic masses as compared to 
gallium, indium and thallium. 

Element B A1 Ga In Tl 

Density (g mL“*) 2.4 2.7 5.9 7.3 11.9 

4, Melting and boiling points : The elements of this 
group do not show a regular change in their melting points 
with increase in atomic number. The melting point decreases 
from B to Ga and then increases. 


Element B 

Al 

Ga 

In 

Tl 

Melting point (®C) 23(K) 

660 

30 

157 

303 

Boiling point (®C) 2550 

2450 

2240 

2050 

1470 


The high melting point of boron is due to the fact that it 
exists as a giant covalent polymer in both solid and liquid state. 
The elements Al, In and Tl all have close-packed metal structures. 
Gallium has an unusual structure. It consist of only Ga 2 
molecules. It has, thus, low melting point. It exists as liquid up 
to 2000®C and hence used in high temperature thermometry. 

However, the boiling points of the elements of IIIA group 
follow a regular decrease from boron to thallium. This shows 
that the strength of the bonds holding the atoms in liquid state 
decreases from boron to thallium. 

5. Ionisation energy or ionisation enthalpies : The follo¬ 
wing trends are observed: 

(i) The first ionisation energies of group 13 elements are 
lower than the corresponding elements of group 2, Le., alkaline 
earth metals in the same period. However, second ionisation 
energies of group 13 elements are higher in comparison to 
corresponding alkaline earth metals. 

(ii) On moving down the group from boron to thallium, a 
regular decreasing trend (expected) in the ionisation energy 
values is not observed. The ionisation energy decreases from 
B to Al, increases in Ga and again decreases in In. The value 
of ionisation energy of Tl is higher than In. 

(iii) The second and third ionisation energies for the elements 
are successively higher. 


^Thallium, is known as Duckbill platypus as it shows similarities with many other elements. Ununtrium, the last member of this group, is a 
synthetic and radioactive element. Very little is kiwwn about its characteristics. 
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The values of first, second and third ionisation energy 
of group 13 elements are tabulated below: 


Element 

Ionisation energy (kJ mol“^) 

1 st 

2 nd 

3rd 

Sum of three 

B 

801 

2427 

3659 

6887 

Al 

577 

1816 

2744 

5137 

Ga 

579 

1979 

2962 

5520 

in 

558 

1820 

2704 

5082 

Tl 

589 

1971 

2877 

5437 


2 1 

The elements of group 13 have ns np -grouping in the 
outermost energy shell For the first ionisation energy, the 
electron has to be removed from the p-orbital in case of group 
13 elements while in alkaline earth metals (ns^), the s-electron 
of the same energy shell has to be removed. Since, s-electron 
is nearer to nucleus in comparison to p-electron, it is more 
firmly held than p-electron due to strong attractive force. Hence, 
the removal of p-electron is easier and, therefore, the first 
ionisation energy values of group 13 elements are lower than 
the corresponding alkaline earth metals. 

Be > B > Mg > A1 

899 kJ mor^ 801 kJ mor' Til kJ moF' 577 kj moF' 

Ca > Ga 
590 kJ moF' 579 kJ moF‘ 

After the removal of p-electron, the elements of group 13 
acquire ns -configuration while alkaline earth metals acquire 
ns^-configuration. It is easier to remove electrons from ns^ in 
comparison to ns in the same energy shell Hence, the second 
ionisation energy values of group 13 elements are higher than 
the corresponding alkaline earth metals. 

The first ionisation energy of boron is highest in the group 
since, its size is smallest and screening effect is lowest. The 
sharp decrease from B to Al is due to appreciable increase in 
atomic, size and the screening effect of s and p-electrons of the 
penultimate energy shell In case ofGa, there are ten d-electrons 
in the penultimate energy shell which screen the nuclear charge 
less effectively and, thus, the outer electron is held firmly by 
the nucleus. As a result, the ionisation energy remains nearly 
the same as that of aluminium. In case of In, the number of 
d-electrons and their shielding effect remain the same as in 
gallium. The ionisation energy, however, decreases in indium 
due to increase in atomic size from Ga to In. The increase in 
ionisation energy from In to Tl is due to poor screening effect 
of \Af-electrons present in the inner energy shell 

After the loss of first electron, the effective nuclear charge 
increases with the result that decrease in ionic size occurs and 
thus, more and more energies are required for the removal of 
second, third and subsequent electrons. 

lEi < lEii < lEiii < lEiy 

Since, the sum of first, second and third successive ionisation 
energies of the elements of this group is very high, these 
elements have little tendency to form trivalent ions. 
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6. Electropositive or metallic character : The elements 
of group 13 are less electropositive as compared to the elements 
of groups 1 and 2 (^-block elements). This is due to their small 
size and high ionisation energy. 

The electropositive character increases from boron to 
aluminium and then decreases from aluminium to thallium. 
Boron having very high ionisation energy is regarded as a 
semimetal. It is more closer to non-metals. Aluminium is a 
metal and is most electropositive. The increase in electropositive 
nature from B to Al is due to increased atomic size. The remaining 
three elements Ga, In and Tl are less electropositive and less 
metallic than aluminium and there is decrease from Ga to Tl. 
The presence of d^^-electrons in the penultimate shell in gallium 
and indium and d^^ and f^^-electrons in the inner shells of 
thallium do not shield the nuclear charge effectively and 
therefore, these elements are less electropositive. Boron is a 
bad conductor while aluminium is a very good conductor of 
electricity. Gallium, indium and thallium also conduct 
electricity. 

7. Oxidation potential (Reducing nature): Boron does 
not form positive ions in aqueous solution and thus has low 
value of oxidation potential. The oxidation potential values of 
other elements of the group are quite high. This is due to high 
heats of hydration on account of small size of trivalent cations 

[Aluminium is a strong reducing agent and in fact 
better than carbon. This is due to low ionisation energy of 
aluminium than carbon.] 

8. Oxidation states : It is in group 13 that we first 
encounter elements possessing more than one oxidation state. 
As s^p^ grouping is present in the outermost energy shell of the 
elements of the group niA, the expected oxidation states are 
+3 and +1. Boron shows +3 oxidation state in all its compounds. 
Other members show +3 and +1 oxidation states. The stability 
of + 1 oxidation state increases from aluminium to thallium and 
the stability of +3 oxidation state decreases from aluminium to 
thallium, i.e., +3 is more important oxidation state for Al, Ga 
and In whereas +1 oxidation state is more important for Tl. 

Relative stability of and ions may be give as : 

B"" < Al"" < Ga+< In+< Tl'^ 

Tl’*’ ions are more stable than ions and thus, Tl^ ions 
change to Tl^ ions thereby acting as oxidising agents. 

Tl^''' compounds + 2e -> Tf'' compounds 

(Less stable oxidising agent) (More stable reducing agent) 

[T1(I) compounds resemble alkali metal compounds. Tl(OH) 
like NaOH is soluble in water and the solution is strongly 
alkahne. Like alkali metals, TI 2 SO 4 forms a double sulphate 
with Al 2 (S 04 ) 3 . 

K2S04-Al2(S04)3-24H20; Tl2S04*Al2(S04)3-24H20 
TI 2 CO 3 like Na 2 C 03 is soluble in water.] 

In case of Ga and In, +3 oxidation is more stable than +1 
oxidation state. The salts of both Ga"^ and In"^ undergo dis¬ 
proportionation reactions in aqueous solutions. 
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+ 1 0 +3 

3GaJ-^ 2Ga + GaXs 

3InX—^ 2In + InXs 

The decreasing stability of +3 is due to increase in inert 
pair effect. 

Gallium appears to show +2 oxidation state in GaCl 2 . 
However, it is believed that this compound has the structure 
Ga[GaCl 4 ] which contains univalent and trivalent gallium ions. 

Ga[GaCl4] = Ga"'[Ga^"'C]4F 

9. Nature of bonding : The following points suggest that 
bonding in the compounds of group niA elements should be 
covalent. 

(a) Small size of ions and their high charge are responsible 
for high polarisation. 

(b) The sum of first three ionisation energies is very large. 

(c) The electronegativity values are higher and thus, when 
reacting with other elements the difference is not large. 

Boron is considerably smaller than other members and its 
ionisation potential is maximum and hence it always shows 
covalency. Many simple compounds of the other elements 
such as AICI 3 and GaCl 3 are covalent when anhydrous. However, 
Al, Ga, In and T1 all form metal ions in solution. The change 
from covalent to ionic occurs because the ions are highly 
hydrated and the amount of hydration energy evolved exceeds 
the ionisation energy. For example, AICI 3 releases 5808 kJ 
moF^ of hydration energy which exceeds the ionisation energy 
(Al Al^"^ = 5137 kJ moF^), so AICI 3 ionises. The hydrated 
aluminium compounds which are regarded as ionic do not 
contain the aluminium ion, Al^, as such but the hexa- 
aquaaluminium ion, [A 1 (H 20 ) 6 ]^‘^. The relative stability of 
[M(H 20 ) 6 ]^ ions decreases on moving down the group. 
Thalhum compounds are ionic. Monovalency of thallium is due 
to increasing reluctance of the paired ns electrons to form 
bonds: [Such inertness of ns electrons is observed when the 
electrons are in fifth or higher energy shell and their removal 
does not form a cation whose electronip configuration is that 
of an inert gas. This behaviour is termed as inert pair effect.] 

In trivalent state, the number of electrons around the central 
atom in a molecule such as BCI 3 , BF 3 , AICI 3 , etc., will be only 
six and thus behave as electron deficient molecules. They 
act as Lewis adds, 

CI3B + : NH3 —^ CI3B <— NH3 
Base 

However, Lewis acid character decreases down the group 
as the atomic size increases. 

The electron deficient compounds remove their electron 
deficiency by : 


(i) Back-bonding : In BX 3 , B is sp^ hybridised Le,, it has 
one p~orbital vacant. Z-atom has filled p-orbitaL They overlap 
resulting into Tt-bonding. 




dt>Bc3b 

/\ 

F F 



Resonance 


(ii) Coordination with Lewis b^es : B has vacant 
p-orbital which accepts electron pair from donor. 

For example, BF 3 + -> BF 4 

A1(0H)3 + 0H~-> A1(0H)J 

(iii) Polymerization : Some compounds remove electron 
deficiency by dimerization. 

For exany)le, 2 AIQ 3 -^ AI 2 CI 6 

Note : In aluminium compounds back bonding is not possible due to 
following reasons : 

(a) p'Oibital of Al is large, so p-p overlap is not effective. 

(b) S-electron core in Al causes larger repulsion, thus destabi^ 
Using back bonding. 


10, Complex formation : Group IIIA elements form 
complexes much more readily than the ^-block elements, 
because of their smaller size, increased charge and availability 
of vacant orbitals. 

11. Reactivity towards air : Boron exists in tv^o forms 
(a) crystalline and (b) amorphous. Boron is unreactive towards 
air in crystalline state. Amorphous boron on heating in air form 
boron trioxide. At high temperatures, it also combines with 
nitrogen. 


4B + 30; ) 2 B 2 O 3 

2B . N; > 2BN 


Aluminium is not affected by dry air. However, a thin oxide 
layer’^ is formed on the surface of aluminium metal in moist air. 
It protects the metal from further attack. It also forms nitride 
with nitrogen at high temperatures. 


4A1 + 30; "“‘ -i 2 AI 2 O 3 

2AI . N2-!5S^ 2A1N 


Gallium and indium are not affected by air. Thallium forms 
an oxide layer on its surface. Thallium is preserved under oil 
or by smearing with vaseline. 

12, Reactivity towards water ; Boron is not affected by 
water or steam, however, steam reacts at red heat. Aluminium 
decomposes cold water if the oxide layer is not present on its 
surface. 


2B + 3H20^B203 + 3H2 
2A1 + 3 H 2 O —^ AI 2 O 3 + 3H2 


*The oxide film on the surface of aluminium is so useful that in industry it is purposely increased by an electrolytic process called anodising. 
Anodised cooking vessels are used now as non-stick cookware. 
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The tendency of accepting electron pair is also observed in 
the halides of aluminium and other members (act as Lewis 
acids). However, this tendency decreases with the increase in 
size of the cation. They form complex halides of the type 
[MX^^ where the M-atom extends its coordination number 
to 6 by the use of J-orbitals. These halides do not show back 
bonding due to increase in the size of the element. However, 
they make use of vacant p-orbital by coordinate bond, le,, 
complete their octet by forming dimers. 



Dimer forms exist in vapour state and in non-polar solvents. 
Dimer structure disappears when the halides are dissolved in 
water. This is due to high hydmtion energy when [M(H 20 ) 6 ]^’^ 
and SX*" ions are formed making the solution as g(x>d conductor 
of electricity. 

The solution becomes acidic owing to hydrolysis. 

AICI 3 + 9 H 2 O ^ [A1(H20)6](0H)3 + 3 H+ + 3Cr 
In addition to trihalides, these elements form di as well as 
monohalides. Boron forms dihalides, B 2 X 4 . 



In sohd state, B 2 X 4 . has planar structure but in hquid and 
vapour state, it has non-echpsed structure. 



(Planar molecule) 



(Non~eclipsed 

structure) 


Tetr^alides can be synthesised by heating trihalides with 
mercury at low pressure. 


2 BCI 3 + 2Hg .Sgggg..> B 2 CI 4 + Hg 2 Cl 2 

® low pressure ^ ^ 


Gallium and indium also form dihalides. Gallium dihalide is 
more properly represented as Ga'^[GaCl 4 ]” showing gallium in 
+1 and +3 oxidation states. 

The elements of IHA in gaseous state form monohalides, 
MX. These are. very unstable halides and they are covalent in 
nature. The covalent nature decreases and thallium halides are 
ionic in nature. 


8.1| ABNORMAL BEHAVIOUR OF BORON 

Boron differs markedly from the rest of the members of group 
TTTA and this abnormal behaviour is illustrated in the following 
properties: 

(i) Boron has very small atomic radii, hence greater nuclear 
attraction on the outermost electrons. It has very high ionisation 
energy. This gives boron distinctly nonmetallic character while 
the rest are metals. 


(ii) Boron has maximum covalency of four due to nonavail¬ 
ability of d-orbitals while the rest have maximum covalency of 
six. 

(iii) Boron alone exhibits allotropy. 

(iv) Boron shows +3 oxidation state while others can show 
+1 and +3 oxidation states. 

(v) Boron does not form cations in aqueous solution as the 
hydration energy is less than sum of three successive ionisation 
energies. 

(vi) Boron halides are monomeric while the halides of the 
other elements are dimeric. It does not show inert pair effect. 

(vii) Boron forms a number of volatile hydrides which are 
electron deficient compounds. Others form only one polymeric 
hydride. Thallium does not form hydride. 

(viii) Boron does not decompose water or steam while gther 
elements decompose hot water or steam, 

(ix) The oxide of boron, B 2 O 3 , is acidic in nature while the 
similar oxides of the other elements are either amphoteric or 
basic. 

(x) Boron is not attacked by non-oxidising acids while other 
elements are attacked. 

(xi) Boron dissolves in cone. HNO 3 forming H 3 BO 3 . The 
other elements become passive specially A1 and Ga. 

(xii) Boron combines with metals and form borides while 
other elements do not combine. They can form alloys. 

8.^ COMPARISON OF BORON AND 
ALUMINIUM 

Since both boron and aluminium have three electrons in their 
valency shell, they have many similarities in their properties. 

B 5 2,3 2p' . .[He]2/2p\ 

A1 13 2, 8 , 3 li^ 2? 2 /, 3s^ [Ne] 3/ 3/>' 

On die other hand, they have different number of electrons 
in their penultimate shell (2 in boron and 8 in aluminium) and 
consequently show many dissimilarities also. 

m Points of Similaritlas 

(i) Electronic conliguratfon: Both have same number 
of electrons in the outermost shell (valency shell). 

(ii) Valency t Both show trivalency.- They do not show 
variable valency because their kernels are stable. It is difficult 
to get B^"^ because large amount of energy is require and 
therefore boron forms tri-covalent compounds. Aluminium also 
forms covalent compounds. It can, however, form electrovalent 
compounds when it combines with strong electron accepting 
atoms or groups. The size of Al^"^ ion is very small. On account 
of small size and high charge, it has high polarising power. 
This accounts for a covalent character even in the case of 
electrovalent compounds, for example, AICI 3 , AlBr 3 and AII 3 
have covalent nature. 

(iii) Oxidation state : Both show common oxidation state 
of +3 in majority of their compounds. 
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Compound 

Oidd. state 

Compound 

Oxid. state 

B 2 O 3 

- +3 

AI 2 O 3 

+3 

BCI 3 

+3 

AICI 3 

+3 

H 3 BO 3 

+3 

AI(0H)3 

+3 

Na2B407 

+3 

NaA102 

+3 


Boron, however, also shows an oxidation state of -3 in the 
metal borides, e.g., in Mg3B2 (magnesium boride), oxidation 
state of boron is - 3 . 

(iv) Action of alkalies : Both dissolve in alkalies and 
evolve hydrogen. 

2 B + 6NaOH-^ 2Na3B03 +3H2 

Sodium borate 

2 A 1 + 2 NaOH + 2H2O-> 2NaA102 + 3H2 

Sodium meta 
aluminate 

(v) Action of concentrated H2SO4 : Both react with 
cone. H2SO4 and evolve sulphur dioxide, SO2. 

[H2SO4-> H2O + SO2 + 0 ]x 3 

2 B +.30 -^ B2O3 

B2O3 + 3H2O-> 2H3BO3 

2B + 3H2SO4 -> 2H3BO3+3SO2 

6H2SO4+2AI -> Al2(S04)3+3S02+6H20 

(vi) Formation of oxides : Both form oxides of the type 
M2O3 when heated in atmosphere of oxygen at high 
temperature. 

4B + 3O2 2B2O3 (Boron oxide or boric anhydride) 

4AI + 3O2 > 2AI2O3 (Aluminium oxide or alumina) 

The oxides are amphoteric in nature. B2O3 is more acidic 
and less basic while AI2O3 is more basic and less acidic. 

B2O3 + 6NaOH -^ 2Na3B03 + 3H2O 

AI2O3 + 6 HC 1 -> 2AICI3 + 3H2O 

AI2O3 + 2 NaOH -> 2NaA102 + H2O 

(vii) Formation of chlorides : Both form trichlorides either 
by passing chlorine over heated boron or aluminium or by 
passing chlorine over heated mixture of their oxides and 
charcoal. 

2 B + 3CI2-> 2 Ba 3 

2 A 1 + 3Cl2-> 2AICI3 

B2O3 + 3 C + 3CI2-^ 2BCI3 + 3 CO 

AI2O3 + 3 C + 3Cl2-> 2AICI3 + 3 CO 

Dissimilarities between Boron and Aluminium 


Trichlorides are hydrolysed by water, i.e., both show 
covalent nature. 

BCI3 + 3H2O-> H3BO3 + 3HC1 

AICI3 + 3H2O -^ A1(0H)3 + 3 HC 1 

Halides act as Lewis acids whenever donor molecules (Lewis 
bases) are available. 

H3N->BCl3, H3N->Aia3 

(viii) Formation of nitrides : Both form nitrides of the 
type MN when heated in the atmosphere of nitrogen or ammoma. 

2 B + N2 - 5 - 2 BN * 

2 B + 2NH3 -> 2 BN + 3H2 

2 A 1 + N2 -> 2 A 1 N 

2 A 1 + 2NH3 -> 2 A 1 N + 3 H 2 

The nitrides undergo hydrolysis with steam. 

BN + 3H2O -> H3BO3 + NH3 t 

Boric acid 

AIN + 3H2O -> A 1 ( 0 H )3 + NH3 i - 

Aluminium * 

hydroxide t 

(ix) Formation of sulphides: Both form sulphides of 

the type M2S3 when heated with sulphur. ' 

2 B + 3 S -> B2S3 ' 

2A1 + 3S -> AI2S3 ^ 

Sulphides are hydrolysed with water. 

B2S3 + 6H2O-> 2H3BO3 + 3H2S 

Ai 2 S 3 + 6 H 2 O-^ 2 A 1 ( 0 H )3 + 3 H 2 S ; 

(x) Formation of alkyl compounds: Both form similar 
types of alkyl compounds, such as B(CH3)3, A1(CH3)3. | 

2BCI3 + 3Zn(CH3)2 -> 2B(CH3)3 + 3ZnCl2 

2 A 1 + 3 Hg(CH 3)2 -> 2 A 1 (CH 3)3 + 3 Hg / 

(xi) Reducing nature: Both act as powerful reducing 
agents. 

4B + 3CO2-^ 2B2O3 + 3C , 

3 Si 02 + 4 B -> 2B2O3 + 3 Si 

2A1 + Cr203 -^ AI2O3. + 2Cr ■ . 

2A1 + Fe203 -> AI2O3 + 2Fe 1 

4A1 + 3 CO 2 -^ 2 AI 2 O 3 + 3C I 

(xii) Action of steam; Boron reacts with steam at red 
heat liberating hydrogen. 

2 B + 3H2O -> B2O3 + 3H2 

Alu mi nium decomposes boiling water. 

2 A 1 + 6H2O -> 2 A 1 ( 0 H )3 + 3 H 2 


Boron and aluminium show dissimilarities in properties due to difference in their electronic configuration, size and ionisation 
potential. Main points of difference are given in the table. ^ 

Boron ] ^ Aluminiiim ^ 

(i) Boron is a non-metal. 

(ii) It is a bad conductor of heat and electricity. 

(iii) It has high melting point (m.pt. 2300°C). 

(iv) Boron shows allotropy. The allotropic forms are crystalline boron 
and amorphous boron. 

• 4 ' 

I : 


Aluminium is a metal. 

It is a good conductor of heat and electricity. 

It has low melting point (m.pt. 660^C). f • 

Aluminium does not show allotropy. ^ ’ 
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(v) It does not react with dil HCl and dil H 2 SO 4 . 

(vi) It is attacked by cone, HNO 3 . 

[ 2 HNO 3 -> H 2 O + 2 NO 2 + O] X 3 

2B + 30 -> B 2 O 3 

B 2 O 3 + 3 H 2 O .> 2 H 3 BO 3 

2 B + 6 HNQ 3 -> 2 H 3 BQ 3 + 6 NO 2 

or B + 3 HNO 3 -^ H 3 BO 3 + 3 NO 2 

(vii) Borates are very stable. 

(viii) BCI 3 is a fuming liquid. 

(ix) It combines with metals. The compounds formed are called borides. 

3Mg 4- 2B - > Mg 3 B 2 

(x) B( 0 H )3 is a weak acid. 

(xi) The maximum covalency of boron is four and is shown in 
compounds like potassium fluoroborate, K[BF 4 ]. 

(xii) Boron forms a number of hydrides like B 2 H 5 , B 4 Hi(), B 10 H 14 , 
etc. The^ are covalent and electron deficient in nature. 

(xiii) Boron trihalides exist as discrete molecules, i.e., monomeric in 
nature, BX 3 


(xiv) It fonns covalent compounds only. 

(xv) It forms a covalent carbide, B 4 C. 

8#i DIAGONAL RELATIONSHIP OF 
BORON AND SILICON 

Following are the properties where boron and silicon show 
close resemblance : 

(i) Both boron and silicon are non-metals. Both have high 
melting-points [B = 2300®C; Si = 1410^C], high ionisation 
energies (B = 8.3 eV, Si = 8.20 eV) and are bad conductors of 
electricity at normal temperature. However, the conductance 
improves as the temperature increases. Hence, both are 
semiconductors. 

(ii) Both have nearly equal densities, electronegativities 
[Density B = 3.30 g mL'”^ Si = 3.52 g mL^^; Electronegativity 
B = 2,0; A1 = 1.8] 

(iii) Both boron and silicon show allotropy. 

(iv) Both boron and silicon do not form cations as their 
ionisation energy is very high. 

(v) Most of the compounds of boron and silicon are 
covalent. 

(vi) Boron and silicon burn in air on heating foraiing stable 
oxides B 2 O 3 and Si 02 respectively. The oxides are acidic and 
combine with alkalies forming borates and silicates resp^tively. 

B 2 O 3 + 2NaOH -> 2 NaB 02 + H 2 O 

or B 2 O 3 + 6 NaOH -> 2 Na 3 B 03 + 3 H 2 O 

SiOo + 2NaOH -^ Na 2 Si 03 + H 2 O 

(vii) Both boron and silicon combine with metals to form 
borides and silicides respectively. 


It dissolves in HCl and H 2 SO 4 (dil.) evolving hydrogen. 

2AI + 3H2SO4->Al2(S04)3 + 3 H 2 

It becomes passive with cone. HNO 3 . A thin layer of Ai 203 is formed 
on the surface which makes the metal inert. 


Aluminates are less stable. 

AICI 3 is a solid. 

It forms alloys with metals. 

A 1 ( 0 H )3 is amphoteric in nature. 

Aluminium has a maximum covalency of six wWch is shown in 
compounds like Na 3 [AlF 6 ]. This is due to the involvement of 
d-orbitals of the valency shell. 

It does not form any stable and definite hydride. A polymeric hydride 
(A 1 H 3 X^. has been mported. 

Aluminium trihafides like iHCi 3 , AiBr 3 exist as dimersT)oth in vapour 
state and in non-polar solvents as shown below. 



It forms both covalent and electrovalent compounds. 

It forms an ionic carbide, AI 4 C 3 , which on hydrolysis evolves CH 4 . 


2 B + 3 Mg —^> Mg3B2 
Si + 2 Mg -> Mg2Si 

(viii) Both do not directly combine with hydrogen. However, 
both form a number of hydrides. Hydrides are formed by 
almost identical manner. All are covalent hydrides. 

Mg3B2 —— a mixture of boron hydrides 

Mg2Si > a mixture of silicon hydrides 

4BCI3 + 3LiAlH4 -> 3 Lia + 3 AICI3 + 2B2H6 

SiCl4 + LiAlH4 -^ LiCl + AICI3 + SiH4 

[Note : Boron hydrides (boranes) are electron deficient while silicon 
hydrides (silanes) are saturated compounds.] 

(ix) Orthoboric acid (H3BO3) and ortho silicic acid (H4Si04) 
form esters when treated with alcohols in presence of H2SO4. 

H3B03 + 3C2H50H4i2^(C2H5)3B03 + 3H2O 

Triethyl borate 

H4Si04+4C2H50H (C 2 H 5 ) 4 Si 04 + 4 H 2 O 

Tetraethyl silicate 

[Note : The vapours of triethyl borate bum with green edged flame. This 
is the qualitative test of borates.] 

(x) Halides of boron and silicon are hydrolysed. 

BCI3 + 3H2O -> H3BO3 + 3 HC 1 

SiCl4 + 4 H 2 O -> H4Si04 + 4HC1 

Both form complex halides. 

BF3 + HF -^ H[BF4] 

SiF4 + 2 HF -> H2[SiF6] 
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(xi) Both react with fused alkalies and evolve hydrogen. 

2 B + 6NaOH-> INaaBOa + SHj t 

Si + 2 NaOH + H2O -> Na2Si03 + 2H2 T 

(xii) Both combine with carbon to form carbides B4C and 
SiC. These are very hard substances and are used for cutting 
and abrasing purposes. 



BORON 


Occurrence : Boron is not found free in nature. In the 
combined state, it is found as the salts of boric acid. The 
important minerals of boron are : 


(i) Borax (Tincal) Na 2 B 4 O 7 - 10 H 2 O—It is found in Tibet, Ceylon, 

California and Kashmir. 

(ii) Colemanite Ca 2 B 60 ii- 51120 —^It is found in Asia Minor 


and America. 

Panderinite Ca 2 B 60 n* 3 H 20 

(iii) Boracite 2 Mg 3 BgOi 5 -MgCl 2 —'It is found in Stass-furt, 

Germany. 

(iv) Boronatro calcite CaB 407 -NaB 02 ' 8 H 20 —It is found in Chile. 

(v) Kernite (Rasorite) Na 2 B 4074 H 20 —It is found in Mojave desert 

in America. 

(vi) Boric acid H 3 BO 3 —It occurs in the jets of steam called 

soffloni escaping from ground in the volcanic 
V regions of Tbscany, 


Boron is also present to some extent in plants and some¬ 
times in coal ash. 

Extraction : Boron is extracted from borax and cole¬ 
manite minerals. The extraction involves two steps: 

(i) Preparation of boric anhydride, B2O3, from one of the 
minerals. 

(ii) Reduction of B2O3, to an impure brown, amorphous 
form of boron. 


a 1st Step 

(a) Preparation of B2O3 from borax; The finely 
ground borax is heated with concentrated hydrochloric acid or 
concentrated sulphuric acid when sparingly soluble oithoboric 
acid, H3BO3 ^parates out. 

Na2B407+2HCl -> 2 NaCl + H2B4O7 

Borax Tetraboric acid 

Na2B407 + H2SO4-> Na2S04 + H2B4O7 

H2B4O7 + 5H2O-> 4H3BO3 

Orthoboric acid 

Oithoboric acid is strongly heated to get B2O3. 

2H3BO3-> B2O3 + 3H2O 

(b) Preparation of B2O3 from colemanite: 

(i) The powdered mineral is fused with sodium carbonate. 

Ca2B60n + 2Na2G03 —^ 2CaC03 + Na2B407 + INaBOj 

Colemanite Borax Sodium 

metaborate 


The fused mass is exU'acted with hot water. CaC03 remains 
as insoluble. The filtrate containing borax and sodium 
metaborate is put to crystallisation when borax is obtained. 
The remaining solution is treated with carbon dioxide which 
converts sodium metaborate into borax. 

4 NaB 02 + CO2-^ Na2B407 + Na2C03 

The borax is then converted into B2O3 in the manner 
described above. 

(ii) The other method of conversion of colemanite into 
B2O3 involves the suspension of mineral in water and passing 
of sulphur dioxide gas into the suspension. 

Ca2B50n + 4SO2 + 4H2O-> 2 Ca(HS 03)2 + H4B6O11 

_ H4B6O11 -b 7H2O-> 6H3BO3 _ 

CaaB^Oii + im 20 + 4SO2-> 2Ca(HS03)2 + 6H3BO3 

On concentration and cooling, crystals of boric acid separate 
out, These crystals form B2O3 on stiong heating. 

2H3BO3-> B2O3 + 3H2O 

2n€l Step 

Reduction of B2O3 : The reduction of boric anhydride 
(B2O3), can be done with sodium, poti^sium or magnesium. 
The boric anhydride is mixed with sodium, potassium or 
magnesium powder and heated in a covered crucible. 

B203 + 6Na->2B + 3 Na 20 

B2O3 + 6K-> 2 B + 3K2O 

B2O3 -b 3 Mg-> 2 B + 3 MgO 

The fused mass is stirred with iron rod as to oxidise the 
unreacted sodium or potassium. The mass is then boiled with dil. 
HCl when insoluble boron powder is obtained. It is washed with 
water and made dry. This is the amorphous variety of boron. 

Amorphous boron of low purity is often known as Moissan 
boron. It is about 95 - 98 % pure and impurities are chiefly metal 
borides. It is black in colour. 

Modern method (Electrolytic method): Boron is 
obtained these days by the electrolysis of a fused mixture 
containing boric anhydride, magnesium oxide and magnesium 
fluoride at 1100 ®C. The electrolysis is done in carbon crucible 
which acts as anode and iron rod is used as cathode. The 
magnesium discharged at cathode reduces B2O3 to boron. 

2 MgO-> 2 Mg + O2 

B2O3 + 3 Mg-> 2 B + 3 MgO 

Boron thus obtained is heated electrically in vacuum at 
1 lOO^C when the impurities are volatilised off and pure boron 
is obtained. 

Crystalline variety of boron is obtained by the reduction of 
B2O3 with aluminium powder. 

B2O3 + 2 A 1 -> 2 B + AI2O3 

Aluminium is removed by heating the fused mass with NaOH 
solution. 
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High purity crystalline boron can also obtained by doing 
reduction of boron tribromide with hydrogen on tungsten wire 
at 120(rC. 

2 BBr, + 3H2 -■ -"% 2 B + 6HBr 

Physical Properties 

Elemental boron exists in 
two allotropic forms, (a) 
grey black, nonmetallic, 
high-melting point crysta¬ 
lline solid and (b) a dark 
brown amorphous powder 
with a structure based on 
clusters of 12 atoms Fig. 

8.2. Ciy^stalline boron is 
black and chemically inert 
in nature. It is very hard in 
nature. Amorphous boron is 
brown and chemically 
active. It melts at 2300 X 
and boils at 2550 T. It is difficult to fuse it. It is bad conductor 
of heat and electricity. Its density is 2.4 g 

Chemical Properties 

(i) Reaction with air and oxygen : The element is very 
inert and is att^ked by only the strongest oxidizing agents. 
Amorphous form when heated in air or oxygen at 7 (X)°C, bums 
with a reddish flame forming a mixture of oxide and nitride. 

4 B + 302 -> ^^203 

2 B + N2-> 2 BN 

(ii) Reaction with water : Boron is not affected by water 
under ordinary conditions, however, when steam is passed 
over red hot boron, hydrogen is liberated. 

2 B + 3H2O-> B2O3 + 3 H 2 t 

(iii) Reaction with acids : Boron is not affected by 
nonoxidising acids. It is attacked by oxidising acids like cone. 
H2SO4 and HNO3. 

B + 3HNO3-> H3BO3 + 3N02t 

2 B + 3H2SO4 -—> 2H3BO3 + 3SO2 t 

(iv) Reaction with' alkalies : Boron dissolves in fused 
alkalies, liberating hydrogen. 

2 B + 6 NaOH-> 2Na3B03 + 3H2T 

(v) Reaction with metals : Boron combines with strongly 
electropositive metals at high temperatures to form borides. 

3 Mg + B2-> Mg 3 B 2 

(vi) Reaction with non-metals : Boron forms B2S3 when 
heated with sulphur, it forms extremely hard substance boron 
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carbide (B4C), when heated with carbon in an electric fiimace. 
Boron combines directly with chlorine and bromine at higher 
temperatures. 

(vii) Reducing nature : It is a powerful reducing agent. 

4 B + 3CO2-> 2B2O3 + 3 C 

4 B + 3 Si 02 -^ 2B2O3 + 3 Si 

Uses 

Boron is used: 

(i) as a deoxidiser in the casting of copper. 

(ii) for making boron steels which are very hard and are 
used as control rods in atomic reactors. 

(iii) as a catalytic agent. 

(iv) When boron fibres are incorporated in plastics, the 
result is a very tough material that is stiffer than steel yet lighter 
than’aluminium and used in aircraft, missiles and body armour. 

(v) Boron steel or boron carbide rods are used to control the 
nuclear reactions. Boron has a very high cross-section to capture 
the neutrons. According to another concept boron absorbs 
neutron to make the boron having even number of neutrons. 

(vi) Boron is absolutely necessary as micronutrient for some 
green plants in trace amounts, but there is a relatively narrow 
concentration range above which boron is toxic to most plants. 
Boron production remains quite low despites the element’s 
desirable properties of hardness and lightness. 

8 ^^ COMPOUNDS OF BORON 
ii 1, Boron Trioxide, B 2 O 3 

.. It is also called sesquioxide. It is an anhydride ofOThoboric 
acid. 

It is prepared by burning boron in oxygen, 

4 B + 3O2 —^ 2B2O3 
or heating orthoboric acid to redness, 

2H3BO3-> B2O3 + 3H2O 

Properties 

It is a white hygroscopic solid. It absorbs moistur^ 
(becoming opaque from transparent glassy mass) and finally 
converted into boric acid. 

B2O3 + H2O-^ 2HBO2 

Metabolic acid 

HBO2 + H20 —> H3BO3 

Orthoboric acid 

B2O3 is, thus, the anhydride of orthoboric acid. 

It is an acidic oxide. It combines with metal oxides when 
fused and forms metaborates. Some of the metaborates have 
characteristic colours (this is the basis of borax bead test). 
CuO + B2O3-^ Cu(B02)2 



Fig. 8.2 The structure of boron 
is based on linked 12-atom 
units. The unit has 20 faces, so 
it is called an icosahedron 
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[The volatile part of the salt is displaced by B2O3. 

CuO SOs + B2O3-> CuO‘B203 + SO3 

(C11SO4) Blue bead 

[Cu(B02)2] 

Cr 203 » 3 S 03 + 3B2O3 —Cr203*36203 + 3SO3] 
[€12(804)3] Green bead 

[ 2 Cr(B 02 ) 3 ] 

It is reduced by magnesium, 

B2O3 + 3 Mg 2 B + 3 MgO 

When reacted with strongly acidic oxides, it behaves as a 
base. 

2B2O3 + P40io-> 4BPO4 

Uses 

Boron oxide, B2O3 is used in glass industry with composition 
Si02, B2O3 and small amount of AI2O3, to lower the coefficient 
of thermal expansion. The coefficient of thermal expansion is 
appreciably lower in certain borosilicate glasses, in which 
many of the silicon sites are occupied by boron. “Pyrex’’ and 
“Kimex” are most familiar of these glasses, has a coefficient 
of linear expansion about one third that of ordinary soda-lime 
glass, Because borosilicate glasses do not expand much 
when heated, they survive rapid heating and cooling and 
so far is the material of choice for laboratory glassware and 
household ovenware. 

Si 2. Borax (Sodium Tetraborate) 
Na2B4O7.10H2O 

Preparation 

It is prepared by following methods : 

(i) Borax occurs naturally in dried up inland lakes of Tibet, 
Ceylon, California (U.S.A.) and India. In India, it is found in 
Laddakh and Puga valley of Kashmir. It is also called Tincal or 
Suhaga, Tincal contains about 45 % of borax. Advantage is 
taken of its higher solubility in hot water (101 grams per 100 
grams of water at 100 °C) against low solubility at O'^C ( 1.3 
grams per 100 grams of water at (fC) in its purification. The 
natural tincal is dissolved in hot water and insoluble impurities 
are filtered off. The solution is concentrated and cooled when 
crystals of borax are obtained. 

( 0 ) Borax can be obtained from colemanite mineral (see 
section 8 . 5 ). 

(iii) From boric add: Small quantities of borax are 
obtained from boric acid by neutralising it with soda ash. 

4H3BO3 + Na2C03-^ Na2B407 + 6H2O + CO2 

Properties 

(i) Borax is known in three forms: 

(a) Prismatic borax, which is the common form and is the 
decahydrate form, Na2B4O7*10H2O. It is obtained by crystalli- 
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sing the solution at ordinary temperature. It is less soluble in 
cold #ater but highly soluble in hot water. 

(b) ; Octahedral form, which is the pentahydrate, 

Na2B407*5H20, is obtained by crystallising solution at 6 ff'C. 
This is jeweller’s borax. I 

(c) Borax glass |s the anhydrous form, Na2B4b7. It is 
obtained by heating the common form above its melting point. 
It is a colourless glassy mass and is not stable in moist air as 
it absorbs moisture and is gradually converted into decahydrate 
form. 

(ii) Basic nature; The solution of borax is alkaline in 

nature. This is due to its hydrolysis (salt of strong alkali and 
weak acid). I 

Na2B407 + 7H2O ^ 2 NaOH 4] 4H3BO3 

Strong alkali ■ Weak acid 

(iii) Action of heat; On heating, borax first swells up 
due to elimination of water molecules. On further heating, it 
melts to a liquid which then solidifies to a transparent glassy 
mass. 

Na2B4O7-10H2O .> Na 2 B 407 

-IOH 2 O An^drous 

2NaB02 + B2O3 

Sodium . Boric 
metaborate anhydride 

Glassy mass 

When hot glassy mass is brought in contact with a coloured 
salt and heated again in the flame, B2O3 displaces the volatile 
oxides and combines with basic oxides to form metaborates. 
Metaborates of basic radicals have characteristic colours, 

CUSO4 + B2O3-^ CUO B2O3 + SO3 

Cu(B02)2 

Blue 

Colour of metaborates of Cu Fe Co Cr Ni 

Blue Green Blue Green Brown. 


This is the chemistry of borax bead test 
(iv) Various compounds of boron can be obtained from 
borax. 



metaborate 
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(v) Aqueous solution of borax acts as a buffer because it 
contains weak acid and its salt with strong base. 

Na2B407 + 7H2O-^ 2 Na[B(OH) 4 ] + 2H3BO3 

Structure of Borax: Borax can be represented as 
Na2[B405(0H)4] * 81120 . It has two tetrahedral and two 
triangular units joined together as shown in following figure. 


Na2 HO^B 


Uses 


O—B'^O 

O—B "—0 

I 

OH 


B^OH 


Borax is used: 

(i) for the borax bead test in qualitative analysis. 

(ii) as a flux. (This is based on its property to dissolve many 
metal oxides to form borates of low melting points.) 

(iii) as an antiseptic. 

(iv) in water softening as it forms insoluble calcium and 
magnesium borates (CaB407, MgB407). 

(v) in the manufacture of enamels and glazes for pottery 
and tiles. 

(vi) in making optical glasses and also borosilicate glass 
which is very resistant to heat and shock. 

(vii) in leather industry for cleaning hides and skins. 

(viii) for impregnating match-sticks to prevent after glow. 

(ix) for glazing paper and playing cards. 

(x) for stiffening of candles. 


3. Orthoboric Acid, H 38 O 3 
Preparation 

(i) From borax : A hot concentrated solution of borax is 
treated with calculated quantity of concentrated sulphuric acid. 
When the solution is cooled, crystals of boric acid are obtained. 

Na2B407 + H2SO4 + 5H2O-> Na2S04 + 4H3BO3 

(ii) From colemanite : A large quantity of boric acid is 
made from colemanite mineral. The mineral is powdered and 
mixed with boiling water. Sulphur dioxide is circulated through 
the suspension when boric acid is formed. 

Ca2B60|i + 2SO2 + IIH2O-^ 2Ca(HS03)2 + 6H3BO3 

On cooling, boric acid crystallises out. 

(iii) From Ibscany soffioni: Boric acid occurs in the jets 
of steam called soffioni issuing from the ground in the volcanic 
regions of Tuscany. The jets are caught in large tanks of water. 
The resulting liquid is concentrated by steam. On allowing the 
hot solution to cool, crystals of boric acid separate out. 

Properties 

(i) It forms soft, white, needle like crystals having a 
soapy touch. 


(ii) It is less soluble in cold water but more soluble in hot 
water. It is steam volatile. 

(iii) It is a weak (K^ = 1 x 10 ”^) monobasic acid. It does not 
act as a proton-donor, ie,, protonic acid but behaves as a 
Lewis acid. It actually accepts a pair of electrons from OH~ ion. 

H—OH + B( 0 H )3 -> [B( 0 H) 4 ]” + H'" 

(iv) When heated at lOO'^C, it loses water and converted 
into metaboric acid. 

H3BO3 HBO2+H20 

When metaboric acid is heated at 160 °C, tetraboric acid 
results. 

4HBO2 > H2B4O7+H20 

On strong heating, B2O3 is formed, 

H2B4O7-> 2B2O3 + H2O 

(v) A mixture of ethyl alcohol with boric acid bums with 
green edged flame due to the formation of volatile ethyl borate. 

H3BO3+3C2H5OH -> B(0C2H5)3 +3H2O 

Ethyl borate 

Uses 

Orthoboric acid is used: 

(i) as an antiseptic and eye wash under the name *boric 
lotion’. 

(ii) in the manufacture of enamels and glazes for pottery. 

(iii) as food preservative. 

(iv) in glass industry. 

Structure of Boric Add : The electronic configuration of 
boron atom is 2 s^ 2 p^. In the excited state one electron from 
2 s is promoted to 2 p orbital. The three singly occupied orbitals 
undergo sp^ hybridisation giving three hybridised orbitals. These 
three hybridised orbitals overlap individually with p-orbital of 
0 ~ forming three B —^ 0 “ bonds. 

0“ 



Trigonal planar structure of BO3 unit 

3 „ 

In boric acid, planar BO3 units are joined by hydrogen 
bonds to give a layered structure as shown in Fig. 8 . 1 . 

4 . Halides of boron 
Preparation 

Boron combines with halogens and forms the halides of 
type BZ3, (X = F, Cl, Br, I). 

Except BF3, other trihalides can be prepared by the treatment 
of halogens on a mixture of B2O3 and carbon at high 
temperature. 

B2O3 + 3 C + 3X2-> 2BX3 + 3 C 0 ■ 

(X2 = CI2, Br2, I2)" 
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The most important is boron trifluoride, BF3, an industrial 
catalyst produced by the reaction between boric oxide, calcium 
fluoride, and sulphuric acid. 

3CaF2 + B2O3 + 3H2SO4 2BF3 + 3CaS04 + 3H2O 
Boron trihalides are also obtained by direct combination of 
boron and halogens under suitable conditions. 

2 B + 3X2-> 2BX3 


Properties 

(i) These are covalent in nature due to small size and high 
charge density on B^"^ ion. 

(ii) These are non-electrolytes, as in liquid state do not 
conduct electricity. 

(iii) The boiling points of halides are very low. The boiling 
points increase as the atomic number of halogen increases. 
BF3 is a colourless gas, BCI3 is a colourless fuming liquid 
(b.pt. = 13 °C), BBr3 is also a colourless fuming liquid (b.pt. = 
90 ^C) while BI3 is a white fusible solid (m.pt. 310 ^C). 

(iv) The trihalides are electron deficient compounds. The B 
atom has an incomplete octet in all its halides. Boron atom 
acquires six electrons on account of three B— X bonds, Le., 
2 electrons short of an octet. Thus, the boron atom in BX3 
molecule can accept two more electrons, re., an electron pair 
from the donor atoms like N, P, O, S, F, etc,, in NH3, PH3, 
H2O, H2S, HF, F^, etc., respectively to form addition 
compounds (donor-acceptor compounds), 

H3N: -H BI^ [H3NBF3] 

Donor Acceptor 
(Lewis base) (Lewis acid) 


The relative Lewis acid character of boron trihalides is 
found to follow the following order, 

BI3 > BBr3 > BCI3 > BF3 

but the expected order on the basis of electronegativity of 
the halogens (electronegativity of halogens decreases from F 
to I) should be, 


BF3 > BCI3 > BBr3 > BI3 


This anomaly is explained on the basis of the relative tendency 
of the halogen atom to back donate its unutilised electrons to 
vacant p-orbital of boron atom. In BF3, boron has a vacant 
2/7-orbital and each fluorine has fully filled unutilised 2 /^orbitals. 
Fluorine transfers two electrons to vacant 2 p-orbital of boron, 
thus forming pn—p% bond. 



This type of bond has some double bond character and is 
known as dative or back bonding. All the three bond lengths 


are same. It is possible when double bond is delocalized. The 
delocalization may be represented as : 



F 

I 




F F 


This bond reduces the electron deficiency of boron atom hence 
its Lewis acid character decreases. The tendency to form back 
bonding is maximum in BF3 and decreases from BF3 to BI3. 
Thus, BCI3, BBr3 and BI3 are stronger Lewis acids than BF3. 

(v) All boron trihalides, except boron trifluoride, are 
hydrolysed to boric acid. 

BCI3 + 3H2O—^ H3BO3 -H 3 Ha 
The degree of hydrolysis increases from BCI3 to BI3, Due 
to resistance of BF3 to hydrolysis and its tendency to act as 
Lewis acid, BF3 is used as a catalyst in organic reactions. 


^ 5. Hydrides of Boron or Boranes 

Boron forms a number of hydrides. These are called boranes 
by analogy with alkanes. The boranes are an extensive series 
of highly reactive electi'on deficient binary compounds of boron 
and hydrogen, the boranes have three-centre bonds. These 
belong to one of the two series, vfz., B;jH/j^.4 and The 

members of are less stable. 


+ 4 


B2H6 

B4H10 

B5H9 

BsHii 

BeHio 

B6Hj2 

B,oH ,4 

B9H15 


The simplest boron hydride, BH3, is unknown. The most 
important hydride is diborane (B2H6) which has been exten¬ 
sively studied. 


Diborane^ BaHe 


It is prepared : 

(i) by the action of lithium aluminium hydride on boron 
trichloride in the presence of ether. 

pthf»r 

4BCI3 -H 3LiAlH4 . 2B2H6 + 3 LiCl -H 3AICI3 

(ii) by passing silent electric discharge at low pressure 
through a mixture of boron trichloride or tribromide and excess 
of hydrogen. 


2BCI3+6H2 


Silent electric^ 
discharge 


B2H6+6HC1 


(iii) by reacting lithium hydride with boron trifluoride. 


8BF3 + 6LiH -—> BoH^ + 6LiBF4 


Properties 

(i) It is a colourless gas which is stable at low temperatures 
in the absence of moisture and grease. It bursts into flame in 
air. At higher temperatures, it changes to higher boranes and 
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at red heat it decomposes to hydrogen and pure boron. It has 

disagreeable odour and causes headache. | 

_ Red heat __ 

BiHg -—> 2B + 3 H 2 

(ii) It bums in oxygen. The reaction is highly exothermic. 

B2H6 + 3O2 —^ B2O3 + 3H2O + X 

(iii) It readily reacts with water liberating hydrogen. 

B2H6 + 6H2O 2H3BO3 + 6H2 

(iv) It reacts with strong alkalies to form metaborates and 
hydrogen. 

B2H6 + 2 KOH + 2H2O-> 2KBO2 + 6H2 

(v) It reacts with chlorine forming boron trichloride. 

‘ BjHe + 6CI2-> 2BCI3 + 6 HC 1 

(vi) In presence of anhydrous aluminium chloride, it reacts 
with dry HCl. 


B2H6 + HCI—^ B2H5CI +H2 
Chlorodiborane 


(vii) Lithium borohydride is formed when diborane reacts 
with LiH in presence of ether. 

2LiH + B2H6 2LiBH4 

(viii) It reacts with carbon monoxide under pressure to 
form carbonyl, BH3CO. 

B2H6 + 2 CO-> 2BH3CO 

(ix) It reacts with sodium amalgam forming an addition 
compound. 

B2H6 + 2 Na (amalgam)-> B2H6.Na2 

(x) At low temperatures, an addition product, B2H5'2NH3, 
is obtained with ammonia. 

. B2H6 + 2NH3 > B2H6-2NH3 

When the addition product is heated at 200 ^C, a volatile 
compound borazole or inorganic benzene is formed. 

3B2H6'2NH3 --> 2 B 3 N 3 + I 2 H 2 

Borazole 

Borazole has a ring structure like benzene. 


H 




HN NH 

HC CH 

1 II 

1 II 

HB BH 

HC.^ CH 


Xc/ 

H 

Benzene 

H 

Borazoie 


Note : (i) 
(ii) 


I 

(iii) 


(iv) 


The addition product B 2 H 6 ‘ 2 NH 3 is considered as an ionic 
product It can be represented as [BH 2 (NH 3 ) 2 f [BH 4 ]" 
When diborane with excess of NH 3 mixture is heated at high 
temperature, boron nitride {BN)j^ is fomied. 

Excess of NH5 


B2H6 + NH3- 


high temp. 


(BN)^ 

Boron nitride 


The % bond in borazole (borazine) is formed by back bonding 
involving filled p-orbital of N and vacant orbital of B. 
However, borazole is more reactive than benzene. 
Disubstituted borazole, B 3 N 3 H 4 X 2 can have four isomers 
while benzene can have three. 


X 






H—B B—H 


H 

(i) 


X 

I 

H —N N —H 

I II 

B\ 

H 

. (ii) 


H 


X 




H —N 

N-™X 

H 


N —H 

1 

II 


1 

II 

H —B^ 

B-™H 

H 

— B 

B —H 

Xn-' 



/ 

\ 


X 



1 

X 


(iii) 



(iv) 



Uses 


The important uses of diborane are : 

(i) as a catalyst in polymerisation reactions. 

(ii) as a reducing agent in organic reactions. 

(iii) for making high energy fuels and propellants. 

(iv) for preparing hydrocarbons, alcohols, ketones and acids 
through hydroboration method. 

Structure : Diborane is an example of electron deficient 
compound. Boron atom has three half filled orbitals in excited 
state, i.e., it can link with three hydrogen atoms. Thus, while 
each boron atom in diborane can link to itself three hydrogen 
atoms, there are no electrons left to form a bond between two 
boron atoms as shown below: 


H H 

h:b ? ? b:h 
» # * • 

H H 


Dilthey in 1921 proposed a bridge structure for diborane. 
Four hydrogen atoms, two on the left and two on the right, 
known as terminal hydrogens and two boron atoms lie in the 
same plane. Two hydrogen atoms forming bridges, one above 
and other below, lie in a plane perpendicular to the rest of 
molecule. This structure shows that there are two types of 
hydrogen atoms—^Terminal and bridging. 4 -terminal hydrogen 
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atoms can easily be replaced by methyl groups but when two 
bridging hydrogen atoms are attacked, the molecule is 
ruptured. 

According to molecular orbital theory, each of the two 
boron atoms is in sp hybrid state. Of the four hybrid orbitals, 
three have one electron each while the fourth is empty. Two 
of the four orbitals of each of the boron atom overlap with two 
terminal hydrogen atoms forming two normal B— 0 -bonds. 
One of the remaining hybrid orbital (either filled or empty) of 
one of the boron atoms, 1 ^-orbital of hydrogen atom (bridge 
atom) and one of hybrid orbitals of the other boron atom 
overlap to form a delocalised orbital covering the three nuclei 
with a pair of electrons. Such a bond is known as three 
centre two electron bonds. 



(iii) by heating B2O3 with Hg(CN)2. 

B2O3 + Hg(CN)2-> 2 BN + CO + CO2 + Hg 

(iv) Pure BN is obtained by the action of NH3 on BCI3. 

BCI3 + 6NH3-> B(NH2)3 + 3NH4CI 

Boronamide 

2B(NH2)3 B2(NH)3+3NH3 

Boronimide 

B2(NH)3-> 2 BN + NH3 

Boron nitride is often prepared by chemical vapour deposition, 
a procedure used in the fabrication of several other ceramics 
as well. In this method, a controlled chemical reaction of gases 
on a contoured, heated surface gives a solid product of the 
desired shape. If a cup made of BN is needed a cup-shaped 
mold is heated to a temperature exceeding 1000 °C, and a 
mixture of BCl3(g) and NH3(g) is passed over its surface the 

reaction, BCl3(g) + NH^{g) -> BN(^) -h 3 HCl(g) 

deposits a cup-shaped layer of BN(^). 

Properties 


Fig. 8.4 Formation of three centre bond (B—H— B) 


Similar overlapping occurs in one hydrogen atoni (bridging) 
and fourth hybrid orbital of each boron atom. Thus, the 
formation of diborane molecule can be depicted as shown in 
the following figure : 



Fig. 8.5 Structure of diborane 


On account of repulsion between the two hydrogen nuclei, 
the delocalised orbitals of bridges are drifted away from each 
other giving the shape of a banana. The three centre two 
electron bonds are also known as banana bonds. 


6 . Boron Nitride, BN 
Preparation . 

It is prepared: 

(i) by heating boron in the atmosphere of nitrogen or 
ammonia. 

2B -h N 2 -> 2BN 

2B -h 2 NH 3 -> 2BN + 3 H 2 

(ii) by heating borax with ammonium chloride at red 
heat. 

Na 2 B 407 -H 2 NH 4 CI-> 2BN + 2NaCl + B 2 O 3 + 4 H 2 O 

The resulting mass is treated with dil. HCl, B 2 O 3 and NaCl 
dissolve and BN is left insoluble. 


It is a white powder. It melts at very high temperature, 
3000 °C. It is insoluble in water. However, it gets decomposed 
when heated in steam under pressure to yield ammonia. 

2BN -h 3 H 2 O-> B 2 O 3 + 2 NH 3 

It is chemically inert compound. It remains unaffected by 
mineral acids. It dissolves in HF yielding ammonium boro- 
fluoride. 

BN + 4 HF-> NH4BF4 

It fails to react with alkalies. However, when fused with 
K2CO3, it yields potassium cyanate and potassium metaborate. 

K2CO3 + BN- > KCNO + KBO2 

Structure : The structure of boron nitride, BN, resembles 
to that of graphite (Fig. 9 . 3 ), consisting of flat planes of 
hexagons. In. boron nitride, however, the hexagons consist of 
alternating B and N atoms in place of C atoms (Fig.8.6). 



Fig. 8.6 The structure of boron nitride, BN 

Recently, another crystalline form of boron nitride called 
borazon has been synthesised by application of high temperature 
and pressure. This form is even harder than diamond. It is 
used as abrasive. 
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Boron nitride cups and tubes are used to contain and 
evaporate molten metals. One form of boron nitride powder, 
BN, is composed of flat, platelike crystals that can easily slide 
over one another. It is used in cosmetics, where it gives a silky 
texture. 

bM aluminium 

Occurrence : Aluminium is a third most abundant element 
forming 83 % of the earth’s crust. It is a constituent of clay, 
slate and many types of silicate rocks. It is found only in the 
combined state. The important minerals are: 

(i) Oxides: (a) Corundum (ruby, sapphire, emerald), 

AI2O3. (b) Diaspore, Al203*H20. (c) Gibbsite, AI2O33H2O. 
(d) Bauxite, Al203'2H20. It is the chief ore of aluminium from 
which extraction of aluminium is made. It is usually associated 
with varying amounts of ferric oxide and silica. 

The pure aluminium oxide is colourless, but the presence of 
impurities can give various colours to it. Naturally occurring 
some impure forms of alumina, AI2O3 are beautiful, rare and 
highly prized (a) Sapphire, alumina with Fe^"^ andTi^^ impurities 
(usually blue), (b) Ruby, alumina with Cr^"^ and (c) Topaz 
alumina with Fe^*^ impurities (usually red) are gem quality 
corundum. 



Fig. 8,7 Some of the impure forms of alumina (corundum) are 
prized as gems, (a) Sapphire is alumina with Fe^ and 
impurities, (b) Ruby is alumina with Cr^*^ impurities. 

(c) Topaz is alumina with Fe^^ impurities 

(ii) Fluoride : Cryolite, Na3 AIF^. It is the second important 
ore of aluminium. 

(iii) Basic sulphate : Alunite or alum stone, 

K2S04‘Al2(S04)34Al(0H)3. 

(iv) Basic phosphate : Turquoise, A1P04 A1(0H)3‘H20. 
It is usually blue coloured due to presence of copper phosphate. 

(v) Silicates : Feldspar, KAlSi30g, kaolin, porcelain, mica, 
china clay, slate, etc,, Al203*2Si02‘2H20. 

Extraction : Aluminium is mainly isolated from bauxite 
ore which is generally contaminated with feme oxide and 
silica. The removal of feme oxide and silica from bauxite ore 
is essential before it is subjected to electrolysis because it is 
rather difficult to remove iron and silicon from aluminium 


metal, the presence of these elements makes the aluminium 
metal brittle and liable to corrosion. Thus, the extraction of 
aluminium from bauxite ore involves the following three steps. 

(i) Purification of bauxite ore, Le,, removal of ferric oxide 
and silica. 

(ii) Electrolytic reduction of AI2O3. 

(iii) Electrolytic purification of aluminium. 

(i) Purification of bauxite ore : The following 
methods are used for purifying the bauxite ore. 

(A) Baeyer’s Process 

This process is mainly applied to bauxite ore containing 
ferric oxide as chief impurity. The colour of such ore is usually 
red and hence called red bauxite. 

The powdered ore is first roasted at a low temperature as 
to convert any feirous oxide, if present, into ferric oxide. It is 
then digested with a concentrated solution of sodium hydroxide 
(density 1.45 g mL“^) in an autoclave under pressure at 150 °C 
for several hours. The aluminium oxide dissolves in caustic 
soda forming soluble sodium meta aluminate (NaA102) while 
ferric oxide and silica remain insoluble and settle down. These 
are removed by filtration. 

Al 203 - 2 H 20 + 2Na0H-> 2NaA102 + 3 H 2 O 

Sodium metaaluminate 
(soluble) 

The sodium metaaluminate solution is agitated with freshly 
precipitated Al(OH)3 for 36 hours when sodium meta¬ 
aluminate undergoes hydrolysis with the formation of Al(OH)3 
precipitate. 

NaA]02 + 2H2O-> NaOH + Al(OH)3 

Precipitate 

The precipitate is washed and dried. 

The solution of NaOH is concentrated and used again. 

(B) Hall’s Process 

Bauxite is fused with sodium carbonate. Aluminium oxide, 
AI2O3 combines with sodium carbonate forming sodium meta¬ 
aluminate. The fused mass is extracted with water where 
Fe203 and Si02 remain as insoluble in the residue. 

AI2O3 + Na2C03-^ 2NaA102 + CO2 

Aluminium Sodium 

oxide metaaluminate 

The solution containing sodium metaaluminate is warmed to 
50 - 60 '^C and carbon dioxide is circulated through it. Al(OH)3 
separates out as precipitate. 

2NaA102 + CO2 + 3H2O-> 2 A 1 ( 0 H )3 + Na2C03 

The. precipitate is filtered, washed and dried. 

The solution of Na2C03 is concentrated and used again. 

(C) Serpeck’s Process 

This process is used when silica is present in considerable 
amounts in bauxite ore. The ore is mixed with coke and heated 
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at ISOO'^C in presence of nitrogen, where AIN (aluminium 
nitride) is formed. 

AI2O3 + 3 C + N2-^ 2 A 1 N + 3 CO 

Silica is reduced to silicon which volatilises off at this 
temperature. 

Si 02 + 2 C-> Si + 2 CO 

AIN is hydrolysed with water into aluminium hydroxide. 
This process has one distinct advantage that ammonia is 
obtained as a valuable by-product. 

Calcination of aluminium hydroxide : The aluminium 
hydroxide precipitate obtained in the above process is calcined 
at 1500 °C in a rotary kiln to obtain pure aluminium oxide, 
AI2O3 (commercially reffered as alumina), 

2A1(0H)3 i520!C^ A1203 + 3 H 2 O 

(ii) Electrolytic reduction of pure alumina: The 

electrolysis of pure alumina faces two difficulties: (i) Pure 
alumina is a bad conductor of electricity, (ii) The fusion 
temperature of pure alumina is about 2000 ®C and at this 
temperature when the electrolysis is carried of fused mass, the 
metal formed vaporises as the boiling point of aluminium is 
1800 ^C. 

The above difficulties are overcome by using a mixture 
containing alumina, cryolite (Na3AlF5) and fluorspar (CaF2) in 
the ratio of 20 : 40 : 20 . The fusion temperature of this mixture 
is 900 ®C and it is a good conductor of electricity. 

The electrolysis is carried out in an iron box lined inside 
with gas carbon which acts as cathode. The anode consists of 
carbon rods which remains dip in the fused mixture of the 
electrolyte from above. The fused electrolyte is covered with 
a layer of coke (Fig. 8.8). 



Carbon lining (cathode) 

Fig. 8.8 

The current passed through the cell serves two purposes— 

(i) Heating of the electrolyte—The temperature of the 
cell is automatically maintained at 900 - 950 ^C, 

(ii) Electrolysis—On passing current, aluminium is dis¬ 
charged at cathode. Aluminium being heavier than electrolyte 
sinks to the bottom and is tapped out periodically from tapping 
hole. Oxygen is liberated at anode. It attacks carbon rods 
forming CO and CO2. The process is continuous. When the 
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concentration of the electrolyte decreases, the resistance of 
the cell increases. This is indicated by the glowing of a lamp 
placed in parallel At this stage more of alumina is added. 

The exact mechanism of the electrolysis is not yet known. 
Two concepts have been proposed. 

First concept: AIF3 from cryolite ionises as, 

AiF3 ^ Al^"" + 31^ 

Ar ions are discharged at cathode and F“ ions at anode. 

Al^**" -I- 3e-^ A 1 (at cathode) 

2 F“-^ F2 + 2 e (at ancxie) 

The liberated fluorine reacts with alumina to form AIF3 and 
O2. The oxygen attacks the carbon anodes to form CO and 
CO2. 

AI2O3 + 31 ^-> 2AIF3 + I O2 

2 C + O2-> 2 CO 

C + O2-> CO2 

Anodes are replaced frequently. 

Second concept: Alumina (AI2O3) ionises as, 

AI2O3 5=^ Al^"" + AlOi’" 

Cathode Anode 

Al^'' + 3 e-> A 1 (at cathode) 

At anode AIO3 is oxidised, 

4 A 10 ^"-> 2AI2O3 + 3O2 + ne (at anode) 

Thus, the overall chemical reaction taking place during 
electrolysis is, 

2AI2O3—>‘ 4 A 1 -h 302 

Aluminium of 99 . 8 % purity is obtained from this process, 
(ill) Refining of aluminium by Hoope’s electrolytic 
method : Aluminium is further purified by Hoope's process. 
The electrolytic cell consists of an iron box lined inside with 
carbon. The cell consists of three layers which differ in specific 
gravities. The upper layer is of pure aluminium which acts as 
cathode. The middle layer consists of a mixture of the fluorides 
of Al, Ba and Na. The lowest layer consists of impure aluminium 
which acts as anode. The middle layer works as electrolyte. 


COPPER CLAMPS 
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The graphite rods dipped in pure aluminium and Cu~Al alloy 
rod at the bottom in the impure aluminium work as conductors. 
On electrolysis, aluminium is deposited at cathode from the 
middle layer and an equivalent amount of aluminium is taken 
up by the middle layer from the bottom layer (impure 
aluminium). Therefore, aluminium is transfened from bottom 
to the top layer through middle layer while the impurities are 
left behind. Aluminium thus obtained is 99 . 98 % pure. 


GR.B. Inorganic Chemistry for Competitions 

Physical Properties 

(a) Aluminium is a bluish white lustre metal. The lustre is 
destroyed on long exposure to air due to formation of a thin 
film of oxide on the surface, (b) The density of aluminium is 
2.7 g mL““^ (light metal). It is malleable and ductile, (c) It is 
a good conductor of heat and electricity, (d) It melts at 66(FC 
and boils at 180 (fC. (e) It can be welded and cast but difficult 
to solder. 


FLOW SHEET FOR THE EXTRACTION OF ALUMINIUM 



Eleetmlytie Refining 

(Hoope's prccess) 

4 

Pure A1 (99.98% pure) 
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Chemical Properties 


Aluminium is a chemically reactive metal although much 
less reactive than the alkali metals or alkaline earth metals. 

(a) Action of air : Aluminium is not affected by dry air 
but in moist air a thin film of oxide is formed over its surface. 
Which protects the underlying metal from further reaction. It 
bums in oxygen producing brilliant light. The metal will bum 
vigorously once started however. 

4 A 1 + 3O2-^ 2AI2O3 

The reaction is highly exothermic and the heat evolved is 
used in the thermite process for the reduction of oxides of Cr, 
Fe, Mn, etc. 

(b) Action of water: Pure aluminium is not affected by 
pure water. The impure aluminium is readily corroded by water 
containing salts (sea water). Aluminium decomposes boiling 
water evolving hydrogen. 

2 A 1 + 6H2O-> 2A1(0H)3 + 3H2t 

(c) Action of acids : The oxidation potential of aluminium 
is 1.66 volts. Thus, it is strongly electropositive, very reactive 
and a powerful reducing agent. It dissolves in HCl (dil. and 
cone.) and dilute sulphuric acid, evolving hydrogen. 

2 A 1 + 6 HC 1 -> 2AICI3 + 3H2T 

2 A 1 + 3H2SO4-> Al 2 (S 04)3 + 3H2T 


The reaction with dil. H2SO4 is very slow probably on 
account of the insolubility of the oxide film in this acid. 

Hot concentrated sulphuric acid dissolves A 1 with evolution 
of SO2. 

2 A 1 + 6H2SO4-> A]2(S04)3 + 3SO2 + 6H2O 

Dilute and concentrated HNO3 has no effect on Al, i.e., A 1 
is rendered passive by nitric acid. This is due to surface oxidation 
and formation of a thin film of oxide on its surface. Organic 
acids have little action on Al at ordinary temperatures." 

(d) Action of alkalies: Aluminium is attacked by caustic 
alkalies with the evolution of hydrogen. 

2 A 1 + 2 NaOH + 2H2O-> 2NaA102 + 3H2 t 

' ' Sodium meta- 

aluminate (soluble) 

Fused 

2 Al + 6 NaOH -> 2Na3A103 +3H2T 

Sodium aluminate 


(e) Action of non-metals: Besides oxygen, aluminium 
reacts with non-metals directly to form corresponding 
compounds. Aluminium when heated in the atmosphere of 


nitrogen, forms aluminium nitride. 

2 A 1 + N2-> 2 A 1 N 

Aluminium powder when fused with sulphur forms 
aluminium sulphide. 

2 A 1 + 3 S-> AI2S3 

Finely powdered heated aluminium combines with halogens 
to form corresponding halides. 

2 A 1 + 3X2-> 2AIX3 

(X2 = F2, CI2, Bra, I2) 

All these compounds are hydrolysed with water. 

AIN + 3H2O-> A 1 ( 0 H )3 + NH3 

AI2S3 + 6H2O-> 2 A 1 ( 0 H )3 + 3H2S 

AIX3 + 3H2O-> A1(0H)3 + 3 HX 

(f) Reducing agent: It is a good reducing agent and 
reduces oxides of metals like Cr, Fe, Mn, etc. 

GaOs + 2 A 1 -> 2 G + AI2O3 + heat 

FeaOs + 2 A 1 -> 2 Fe + AI2O3 + heat 

3Mn304 + 8 A 1 -> 9 Mn + 4AI2O3 + heat 

It reduces oxides of non-metals also. 

3CO2 + 4 A 1 -> 2AI2O3 + 3 C 

3 Si 02 + 4 A 1 -> 2AI2O3 + 3 Si 

(g) Displacement of other metals : Being more 
electropositive it displaces copper, zinc and lead from the 
solutions of their salts. 

3ZnS04 + 2 A 1 *-> Al2(S04)3 + 3 Zn 

3CUSO4 + 2A1-^ Al2(S04)3 + 3 Cu 


Uses 

(i) Aluminium being cheap and light metal is largely used for 
making household utensils, trays, frames, etc. Bodies of 
automobiles, aircraft and roofing are made of aluminium sheet. 

(ii) Thin foils of Al are used in wrapping soaps, cigarettes 
and confectionary. 

(iii) Al wire is umd in transmission lines and coils for dynamos 
and motors. 

(iv) It is used for making silvery paints for covering iron 
and other materials. 

(v) It is used in thermite process for the extraction of G, 
Mn, etc. 

(vi) Since it is not attacked by nitric acid, it is used in 
chemical plants and for transporting nitric acid. 

(vii) Because of its hghtness, good conductivity and resistance 
to corrosion, it is used for making alloys which find appli- 
catior^ in industries and arts. The important alloys of aluminium 
are : 


Name of the alloy 

Approximate composition 

Uses 

h Magnalium 

1 95% Al, 5% Mg 

In the construction of airships, balances and pistons of motor engines. 

2. Duralumin 

95% Al, 4% Cu, 0.5% Mg, 0.5% Mn 

Aeroplanes and automobile parts as its strength of toughness is comparable to mild 
steels. 

3. Aluminium bronze 

90% Cu, 9.5% Al, 0.5% Sn 

For making utensils, cheap artificial jewellery, photo frames, coins, golden paints. 

4. Nickeloy 

95% Al, 4% Cu, 1% Ni 

Aircraft parts. 

5. F-aUoy 

93% Al, 4% Cu, 2% Ni, 1% Mg 

For making pistons and machinery parts. 

6 . Alnico 

77% Steel; 2% Ni, 20% Al, 1% Co 

For making permanent magnets. 
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(viii) Aluminium amalgam is used as a reducing agent. 

(ix) Aluminium powder is used in fire works, flash light 
powder and in thermite welding. 

8.^1 COMPOUNDS OF ALUMINIUM 
1. Aluminium Oxide or Alumina, AI 2 O 3 

It occurs in nature as colourless corundum and tinted with 
metallic oxides as mby (red), sapphire (blue), amethyst (violet), 
emery (green), etc. These coloured oxides are precious stones. 
Hydrated oxide (Al203'2H20) occurs as bauxite. 

It is prepared by igniting aluminium hydroxide, aluminium 
sulphate or ammonium alum. 

2 A 1 ( 0 H )3 -> AI2O3 + 3H2O 

Al2(S04)3-> AI2O3 + 3SO3 

(NH4)2S04-Al2(S04)3-24H20 ^ 

A1203 + 2NH3 + 4S03 + 25H20 
It is obtained in crystalline form by strongly heating a mixture 
of aluminium fluoride and boric oxide. 

2AIF3 + B2O3-> AI2O3 + 2BF3 

Properties : It is a white solid, insoluble in water. It is 
a stable and unreactive substance. It begins to volatilise at 
1750 ^C and melts at 2050 X. It boils at 2250 ‘^C, 

It shows amphoteric nature. When it is fused with oxides 
of chromium, iron and cobalt, synthetic semi-precious stones 
are obtained. 

Uses : It is widely used for making bauxite bricks which 
are used for lining furnaces. Fused alumina is used as refractory 
material. When heated, in an electric arc at 3 (MfC, a hard 
powder known as alimdun is obtained which is used as 
abrasive. With lime, it is used as bauxite cement which is not 
affected by sea water. It is used in chromatography, in extraction 
of aluminium and in preparing precious stones. 


" 2 . Aluminium Chloride, AICI3 

(i) Anhydrous aluminium chloride: It is prepared by 
passing dry HCl gas or chlorine gas over heated aluminium 



Fig. 8.10 


turnings in absence of air. The vapours of aluminium chloride 
are condensed when solid anhydrous aluminium chloride is 
obtained. 

2 A 1 + 6 HC 1 2AICI3 + 3H2 
2 A 1 + 3 C 12 -> 2 A 1 C 13 

It can also be obtained by heating a mixture of alumina and 
carbon in an atmosphere of chlorine. 

AI2O3 + 3C + 3CI2 2AICI3 + SCO 

Vapours 

Cooled 

Solid anhydrous 
aluminium chloride 

(ii) Hydrated aluminium chloride: AlCl3*6H20, is 
formed when aluminium metal or aluminium hydroxide is 
dissolved in dilute hydrochloric acid. 

2 Al + 6 HC 1 2AICI3 + 3H2 
A1(0H)3 + 3 HC 1 AICI3 + 3H2O 

HCl gas is circulated through the solution to obtain crystals 
of hydrated aluminium chloride. 


Properties 

(a) Anhydrous aluminium chloride is a white solid. It is 
deliquescent and fumes in air. On heating it sublimes at ISO^C 
and the vapour density corresponds to the formula AI2CI6. It 
is covalent when anhydrous as it does not conduct current in 
fused state. It is soluble in organic solvents such as alcohol, 
ether, benzene, etc. The dimeric formula is retained in non¬ 
polar solvents but is broken into [Al(H20)5]Cl3 on dissolution 
in water on account of high heat of hydration. The molecule 
(dimer) is an autocomplex and is represented as, 



Cl 

Cl 




Cl 

Cl 


(b) Anhydrous aluminium chloride fumes in moist air due to 
evolution of HCl. 

AI2CI6 + 6H2O-> 2A1(0H)3 + 6 HC 1 

When dissolved in water, it changes into hydrated aluminium 
chloride which is ionic in nature. 

AI2CI6 + I2H2O ^ 2A1C13-6H20 
AICI3 ^ Al^^ + 3cr 

(c) Anhydrous aluminium chloride forms an addition 
product with ammonia gas. 

AI2CI6.+ I2NH3 2[AlCl3-6NH3] 

(d) The solution of aluminium chloride in water is acidic in 
nature due to hydrolysis. 

AICI3+3H2O -^ A1(0H)3 + 3 HC 1 

Weak base Strong acid 
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(e) When ammonium hydroxide is added to the solution of 
aluminium chloride, a gelatinous precipitate of aluminium 
hydroxide appears which does not dissolve in excess of NH4OH. 

AICI3 + 3NH4OH-> A1(0H)3 + 3NH4CI 

(f) When sodium hydroxide is added to the solution of 
aluminium chloride drop by drop, a white gelatinous precipitate 
appears which dissolves in excess of sodium hydroxide forming 
sodium meta-aluminate. 

AICI3 + 3 NaOH-> A1(0H)3 + 3 NaCl 

A1(0H)3 + NaOH-> NaA102 + 2H2O 


Uses 

(i) It is used as a catalyst in Friedel-Craft’s reaction. 

(ii) It is also used in the manufacture of gasoline by cracking 
of high boiling fractions of petroleum. 

(iii) It finds extensive use in the manufacture of dyes, drugs 
and perfumes. 


ia? 3. Alums 


Formerly, the term alum was used to describe only one 
double sulphate with 24 molecules of water of crystallisation, 
potassium aluminium sulphate, K2S04*Al2(S04)3*24H20, but 
now this term is used for all the double sulphates having the 
composition, 

M 2 S 04 -M 2 (S 04 ) 3 - 24 H 20 

where M stands for monovalent basic radicals such as Na”^, 
Rb”^, Cs”**, Ag‘^,Tl’^, NH4 and M' for trivalent basic radicals 
such as etc. 

Some examples of alums are : 


Potash alum 
(commonly called alum) 
Ammonium alum 
Sodium alum 
Chrome alum 
Feme alum 


K 2 S 04 .Al 2 (S 04 ) 3 - 24 H 20 

(NH 4 ) 2 S 04 ‘Al 2 (S 04 ) 3 ‘ 24 H 20 

Na 2 S 04 -Al 2 (S 04 ) 3 - 24 H 20 

K 2 S 04 Cr 2 (S 04 ) 3 - 24 H 20 

(NH 4 ) 2 S 04 -Fe 2 {S 04 ) 3 ‘ 24 H 20 


Alums are generally obtained when hot solutions of equimolar 
quantities of their constituent sulphates are mixed and the 
resulting solution is subjected to crystallisation. 

Alums are crystalline compounds. In alums each metal ion 
is surrounded by six water molecules and the crystals of alums 
consist of rM(H20)5]"^, [M'(H20)5]^'^ and ions. Alums 
are fairly soluble in hot water but less soluble in cold water. 
The solutions are acidic and have stringent taste. The solutions 
show the properties of ions of the constituent salts. The alums 
are isomorphous to each other and form mixed crystals. 

Each alum has different melting point. Alums lose water of 
crystallisation when heated. If rapidly heated to a high 
temperature, the alum swells up and a porous mass called 
burnt alum is left behind. 


The alums are effective in precipitating colloids, Le., act as 
coagulants. The alums have germicide properties. Alums are 
thus used in the purification of water, tanning of leather, as 
mordants in dyeing and as antiseptics. 

Potash Alum, K2S04'Al2(S04)3-241420 

It is commonly known as alum. 

Preparation 

(i) From bauxite or aluminium sulphate ; Bauxite is 
boiled with sulphuric acid to form aluminium sulphate. To this 
solution calculated quantity of K2SO4 is added. The solution is 
concentrated and cooled. After some time crystals of potash 
alum are obtained. 

AI2O3 + 3H2SO4-> Al2(S04)3 + 3H2O 

Al2(S04)3 + K2SO4 +24H2O->K2S04-Al2(S04)3-24H20 

Potash alum 

(ii) From alum stone or alunite t Alum stone is treated 
with dilute sulphuric acid and the solution is boiled. Acalculated 
quantity of K2SO4 is added to the solution. The solution on 
cooling yields crystals of potash. 

K 2 S 04 *Al 2 (S 04 ) 34 Al( 0 H )3 + 6H2SO4-> 

Alum stone 1^2^04 + 3 A 1 2(8 04)3 + I2H2O 

K2SO4 + Al2(S04)3 + 24H2O-> K:2S04‘A12(S04)3*24H20 

Properties 

(a) It is a white crystalline compound. 

(b) It is soluble in water and its aqueous solution is acidic 
due to hydrolysis of A]2(S04)3. 

(c) On heating it swells up on account of elimination of 
water molecules. 

K2S04 Al2(S04)3-24H20 K2S04 Al2(S04)3 + 24H2O 

K2S04-Al2(S04)3 ) K2SO4 + AI2O3 + 3SO3 

(d) Its aqueous solution contains K'*', Al^'*' and S04~ ions 
and their usual tests can be performed. 

Uses 

It is used : 

(i) as a mordant* in dyeing and calico printing. 

(ii) in sizing of cheap quality of paper. 

(iii) in purification of water. 

(iv) as antiseptic and in stopping bleeding from cuts. 

(v) in leather tanning. 

4 . Ultramarine 

It is an artificial Lapis-Lazuli. Lapis-Lazuli is a rare mineral 
which has fine blue colour. It is a complex silicate of sodium 


* A '‘mordant” is a compound that helps to attach the dye to the fabric. 
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and aluminium containing about 12 per cent of sulphur probably 
in the form of sodium sulphide. 

It can be prepared artificially by heating a mixture of kaolin, 
soda ash, sulphur and charcoal to bright red heat. At first a 
white mass is formed which changes to a green mass in air. 
It is powdered and heated with more of sulphur where the blue 
variety having the composition Na5Al3Si3S30i2 is obtained. 
Blue variety on heating in a current of dry chlorine changes to 
violet variety. 

However, the blue variety is most common. It is used : 

(i) in making blue paint 

(ii) in laundry for blueing purposes. 

(iii) in making wall paper md blue tinted paper. 

(iv) in calico-printing. 

SM GOLDSCHMIDTS ALUMINO-THERMIC 
PROCESS 

Aluminium has the power of displacing elements less 
electropositive than itself from their oxides as it has great 
affinity for oxygen at high temperatures. The reaction being so 
strongly exothermic that the metal set free is obtained in the 
molten condition and it is protected from oxidation by a layer 
of fluid slag consisting of AI2O3. 

Oxide + A 1 -> AI2O3 + metal + heat energy 

Molten state 

The reaction forms the basis of the alumino-thermic process. 
It was discovered by Goldschmidt The process has two main 
applications: 

(i) Extraction of metals and non-metals : The metals 
like Cr, Mo, Mn and non-metals like boron, silicon, etc., can 
be extracted from their corresponding oxides. 

Cr203 + 2 A 1 -> 2 Cr + AI2O3 + heat energy 

3Mn304 + 8 A 1 -> 9 Mn + 4AI2O3 + heat energy 

B2O3 + 2 A 1 -> 2 B + AI2O3 + heat energy 

3Si02 + 4 A 1 -> 3 Si + 2AI2O3 + heat energy 

The oxide is mixed with aluminium powder. The mixture is 
ignited in a fire clay crucible surrounded by sand with the help 
of a cartridge (containing magnesium powder and barium 


peroxide). The large amount of heat generated in the reaction 
fuses both the alumina and the element set free. Two distinct 
layers are formed which are removed easily. 

(ii) Thermite welding of metals : Another application is 
the welding of metals especially the welding of steel The 
broken part to be welded is surrounded by a mould of sand and 
clay and heated to redness by means of a gasoline torch or a 
blast lamp. A mixture of aluminium powder and Fe203 in the 
ratio of 1 : 3 (known as thermite) is taken in a crucible lined 
with magnesite and having a plug hole (Fig. 8 . 11 ). This is 
covered with a mixture of magnesium powder and barium 
peroxide with a magnesium ribbon inserted into it. The thermite 
is ignited with magnesium ribbon. Iron oxide is reduced to iron 



Fig. 8.11 Thermite welding 

and temperature rises to about 2500 ^C. Molten iron thus 
produced is tapped into the parts to be welded. The heated 
surface of the broken iron melts and mingles with the molten 
iron, thus giving a perfect weld. 



Example Starting from boric acid how would you 
prepare? 

(a) Boric anhydride, {b) Boron trichloride, (c) Boron 
trifluoride, {d) Boron hydrides, (e) Ethyl borate, (/) Meta 
and tetraboric acids. 

Solution; 

(a) Boric acid on strong heating forms boric anhydride. 

2H3BO3 > B2O3 + 3H2O 


(b) Boric acid is first converted into boric anhydride. It is 
now mixed with carbon and the mixture is heated in a current 
of chlorine when boron trichloride is formed. • 

B2O3 + 3 C + 3CI2-> 2BCI3 + 3 CO 

(c) It is prepared by heating boric acid with CaF2 and 
concentrated sulphuric acid. 

CaF2 + H2SO4-> CaS04 + H2F2 
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2H3BO3 + 3H2F2-> 2BF3 + 6H2O 

(d) Boric acid is first converted into boric anhydride. It is 

then heated with excess of magnesium powder in a covered 

crucible. The magnesium boride so formed is treated with 

dilute HCl when a mixture of boron hydrides is obtained. 

XI Red hot ^ ^ Oil- HCl 

H3BO3-> B2O3 Mg 3 B 2 —-> 

A mixt. of boron hydrides 

(e) Ethyl borate is formed when the mixtiire of toric acid 
and ethyl alcohol is warmed with concentrated sulphuric acid 
in the form of vapours, 

3C2H5OH + H3BO3-> (C2H5)3B03 + 3H2O 

(f) Orthoboric acid when heated at lOOT, decomposes into 
metaboric acid. 

H3BO3 HBO2+H20 

When heated at 160 ^C, it decomposes, into tetraboric acid. 

4H3BO3 H2B4O7 + 5H2O 

or 4HBO2 -> H:2B402 Hh H2O 

; Example 2 . Identify (A) and {B) in the following reactions: 

Colemanite + (A)-> Na2B^O^ 

Na2B40j + (B) -> H3BO3 

Solution: 

(A) is sodium carbonate. 

Ca2B60n + 2Na2C03-> Na2B407 + 2NaB02 + 2CaC03 

(B) is either concentrated H2SO4 or HCL 
Na2B407 + H2SO4 + 5H2O ^ Na2S04 + 4H3BO3 

Na2B407 + 2 HC 1 + 5H2O —^ 2 Naa + 4H3BO3 . 

Examp^^ 3 . Explain the following with appropriate 
reason: 

(1) Although aluminium is above hydrogen in the electro¬ 
chemical series, it is stable in air and water, [IJ.T. 1994 ] 

(ii) In the electrolytic manufacture of aluminium, carbon 
anodes are consumed, 

(Hi) Cryolite is added to alumina in the electrolytic 
manufacture of aluminium, 

(iv) Anhydrous AICI3 fumes in air, 

(v) Alum is used in settling muddy water. 

Solution: 

(i) The thin protective film of oxide, AI2O3, is formed which 
protects the metal from further attack of air md water and 
thus, it is stable in air and water. 

fii; During electrolysis of cryolite and alumina in the 
manufacture of aluminium, oxygen is evol ved at anode. 

2 F" F2 4 * 2 ^ (at anode); AI2O3 + 3F2— 2AIF3 + | O2 

•Oxygen reacts with carbon anodes forming CO and CO2. 
Thus, carbon anodes are consumed. 
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(iii) Pure alumina has very high fusion temperature and is 
bad conductor of electricity. To reduce its fusion temperature 
and to make it as good conductor of electricity, cryolite is 
added. 

(iv) Anhydrous aluminium chloride is hydrolysed in moist 
air and fumes of HCl are given out. 

AICI3 + 3H2O-^ A1(0H)3 + 3 HC 1 

(v) Alum acts as a germicide and strong coagulant. The 
muddy water consists colloidal particles of negative charge 
which are coagulated by Al^^ ions given by alum. The coagulated 
mass then settles down. 

Example 4 , An inorganic Lewis acid (X) shows the 
following reactions: 

(0 It fumes in moist air: 

(ii) The intensity of fumes increases when a rod dipped in . 
NH4OH is brought near to it, 

(iii) An acidic solution of (X) on addition of NH4CI and 
NH4OH gives a precipitate which dissolves in NdOH solution, 

(iv) An acidic solution of (X) does not give a precipitate 
with H2S, 

Identify (X). drul give chemical reactions at steps (i) to (iii), 

[Roorkee 1994] 

Solution: 

Z is a Lewis acid and fumes in air, it may be anhydrous 
AICI3. 

(i) AICI3 + 3H2O-> A1(0H)3 + 3 HC 1 

Fumes 

The fumes intensify as HCl and 1NH4OH react to form 
NH4CI. 

(ii) NH4OH + HCl —^ NH4CI + H2O 

(iii) A1(0H)3 is precipitated on addition of NH4CI and 
NH4OH. 

This dissolves in NaOH forming sodium meta- 
aluminate^— 

AICI3 + 3NH4OH -r—> A1.(0H>3 + 3NH4CI 

ppt. 

A1(0H)3 + NaOH -—» NaAlOz + 2H2O 

Soluble 

No precipitate is formed by passing H2S through solution. 

Example 5 . Explain the following: 

(i) Boron and aluminium halides behave as Lewis acids, 

(ii) Boron tribromide is stronger acid than boron trifluoride, 

3— 

(Hi) Aluminium forms [AIF^ ion but boron does not form 
[BF^ ion, 

(iv) Boron has high melting and boiling points, 

(v) The pn—pK back bonding occurs in the halides of boron 
and not in those of aluminium. 

Solution: 

(i) Both boron and aluminium atoms in their halides (MXf) 
possess six electrons in their valency shell. To complete octet, 
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they can accept a lone pair of electrons from a donor and thus 
act as Lewis acids. 

(ii) Back bonding occurs in boron halides to compensate the 
electron deficiency and hence Lewis acidity is decreased. The 
tendency of back bonding is maximum in BF3 and decreases 
from BF3 to BI3 as the size of the halogen increases, p-orbitals 
of high energy shells in bromine overlap less effectively with 
vacant p-orbital of boron in BBr3. Thus, BBr3 is stronger acid 
than BF3 as it has still tendency to accept electrons to remove 
electron deficiency. 

(iii) Maximum coordination number of boron is four as it 
does not have J-orbitals while the maximum, coordination 
number of aluminium is 6. Thus, A 1 forms [AIF^]^” ion while 
boron does not form [BF^]^" ion. 

(iv) Boron has giant covalent polymeric structure both in 
solid and liquid states and thus, it has high melting and boiling 
points. ^ 

(v) The tendency to show pn—pn back bonding depends on 
the size of central atom. This tendency decreases as the size 
of the central atom increases. Since aluminium has larger size 
than boron, the back bonding is not possible. 


Example 6. (/) A white precipitate {B) is formed when a 

mineral (A) is boiled with Na 2 C 02 , solution. 

{ii) The precipitate is filtered and the filtrate contains two 
compounds (C) and {D). The compound (C) is removed by 
crystallisation and when^ CO2 is passed through the mother 
liquor left, {D) changes to (C). 

(///) The compound (C) on strong heating gives two 
compounds {D) and (£). 

(iv) (E) on heating with cobalt oxide produces blue coloured 
substance (F). 

Identify (A) to (F) and give chemical reactions for the 
reactions at steps (/) to (/v). [Roorkee 1995 ] 


Solution: 

(i) The mineral (A) is colemanite, Ca2B60]i-51120. 
Ca2B60ii+2Na2C03(a9.) 

2 GaC 03 + Na 2 B 407 +2NaB02 

(B) (C) (D) 


Insoluble 


Soluble 


(ii) (C), the borax is crystallised. The mother liquor consisting 
sodium metaborate is treated with CO2. 

4NaB02+ CO 2 -^ Na 2 B 407 + Na 2 C 03 

{D) (C) 

(iii) Na2B4O7 l0H2O ”5255^ Na 2 B 407 + IOH 2 O 

Anhydrous 

Na2B407 2NaB02 + B2O3 

heated 

(iv) C 0 Q + B2O3 > Co(B02)2 ‘ 

Cobalt metaborate 
Blue coloured 

{F) 


So, A = Ca2B60ij-51120 Colemanite and F = Co(B02)2; 
B = CaC 035 C = Na 2 B 407 - 10 H 2 Oj Z) = NaB 02 J E— B2O3. 

Example 7 . A/F3 is insoluble in anhydrous HF but dissolves 
on addition of NaF AIF^ precipitates out of the resulting 
solution when gaseous BF^ is bubbled through. Give reasons. 

Solution: 

Anhydrous HF is a covalent compound and is strongly H- 
bonded. Therefore, it does not furnish F~ ions and AIF3 does 
not react to form [AIF^]^^ and remains undissolved. When 
NaF is added, F~ ions are furnished as NaF is an ionic compound. 
AIF3 with F“ ions forms a complex ion, the sodium salt of 
which is soluble. 

3 NaF+AlI^-> Na3[AlF6] 

Soluble complex 

B, being smaller in size and having higher electronegativity, 
has much higher tendency to form complexes than Al. 
Therefore, when BF3 is added to the Al-complex, AIF3 gets 
precipitated and B-complex comes into existence. 

Na3AlF6 + 3BF3-> 3Na[BF4] + AIF3 

Example 8. Give reasons : 

(i) A mixture ofNaOH and aluminium pieces is used to open 
the drain. 

{ii) Aluminium utensils should not be kept in water overnight. 

{Hi) Aluminium wire is used in transmission cables. 

{iv) Aluminium alloys are used to make aircraft body. 

Solution: 

(i) NaOH reacts with Al and evolves hydrogen. The pressure 
of the evolved hydrogen can be used to open the clogged 
drains. 

(ii) Aluminium is slowly attacked by water and dissolved 
oxygen to foim AI2O3 on the surface, A very small amount of 
AI2O3 may dissolve to give Al^^ ions. Since, Al^'*' ions are 
injurious to health, the drinking water is not kept in aluminium 
utensils for long. 

(iii) Al is a good conductor of electricity and also not affected 
by atmosphere. Hence, it is used in transmission cables. 

(iv) Al-alloys are light, tough and corrosion resistant. Hence, 
Al-alloys are used for making aircraft bodies. 

Example 9 . What is inorganic benzene ? Why it is so called? 
How will you get it from diborane? [West Bengal, J.E.E. 2005] 

Solution : 

Borazine or borazole (B3N3H^) is known as inorganic 
benzene. It is so called because its structure is similar to that 
of benzene. 


H 

1 

H 

1 

H^N^ ^N—H 

X—H 

H—B^ ^B—H 

1 

H—.C““H 

1 

1 

H 

1 

H 

Borazine 

Benzene 
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Like carbon in benzene, both B and N in borazine are sp 
hybridized. The 7C-bonding in borazine is dative, Le,, a pair of 
electrons is donated by nitrogen to p~orbital of B. 

At low temperature, borazine reacts with ammonia to form 
an addition compound. 

B2H6+2NH3->B2H6-2NH3 

When this compound is heated at 200 °C, it decomposes to 
form borazine (volatile). 

3B2H6 • 2NH3-> 2B3N3H6 + I2H2 

Example 10. The first ionisation enthalpy of group 13 
elements are: 

Element B Al Ga In Tl 

1 st I.E, (kJ mor^)mi 577 579 558 589 

How will you explain this deviation from the general trend? 

Solution: 

From B to Al, the ionisation enthalpy decreases as expected 
due to an increase in atomic size and screening effect. However, 

I.E. of Ga is only slightly higher than that of Al while that of 
thallium is much higher than those of Al, Ga and In. These 
deviations are explained as follows: 

In periodic table, the position of Al, Ga, In and Tl in the 


respective periods is: 



3 rd period 

Mg (5-block element) 

Al 

4 tli period 

Zn (J-block element) 

Ga 

5 th period 

Cd (d-biock element) 

In 

6 th period 

Hg (rf-block element) 

Tl 


Thus, Al follows just after 5-block elements while Ga and 
In follow after d-block elements and Tl after d- and /-block 
elements. The <i-electrons in Ga and In and d- and /-electrons 


in Tl do not shield the outer shell electrons very effectively. On 
account of this, the outer shell electrons are tightly held by the 
nucleus and hence higher energy is required for their renK^val. 
This explains why Ga has higher I.E. than AL From Ga to In 
the shielding effect of additional 4 d-electrons is slightly more 
than the effect of increased nuclear charge and hence, the I.E. 
of In is slightly less than Ga. In Tl, the shielding effect of 
d- and/-electrons is less than the effect of increased nuclear 
charge and hence, the LE. is higher, than In. 

Example 11, Standard electrode potential values, for 
Al^*/Al is - 1.66 V and that of Tl^*/Tl is + 1.26 Predict 
about the formation of ion in solution and compare the 
electropositive character of two metals. 

Solution: 

Standard electrode potential values suggest that aluminium 
has high tendency to make Al^"^ ions whereas Tl^'^ is unstable 
as it shows strong oxidising nature. Aluminium being able to 
form +3 ions easily, it is more electropositive than TL 

Example 12. Account for the fact that aluminium chloride 
exists as a dimer, Al2Cl^ 

Solution : 

In AICI3, Al is elytron deficient (six electrons around Al) 
and chlorine atoms have lone pairs of electrons which can be 
donated. Al metal atoms complete their octet by forming a 
coordinate bond with chlorine atom of the other molecule, 
AICI3. Thus, coordinate bond forming bridges by chlorine 
atoms between two Al atoms make a dimer molecule. 

CK /Cl . /Cl CK /CK /Cl 

^Al^ ^ ; .Al(^ ^Al^ ^Al^ . 

CF CK \ci ' CV Vk 


□ SUMMARY AND IMPORTANT POINTS TO REMeMBeR □ 


1. Group niA or 13 of the periodic table consists of six elements- 
boron, aluminium, gallium, indium, thallium and ununtrium. 
These are p-block elements. The configuration of the 
outermost energy shell is ns^np^, Le., this group marks the 
beginning of p-block. 

2 , The members of group IIIA or 13 are less metallic in 
comparison to elements of IA (aMi metals) and IIA (alkaline 
earth metals) group. 

Boron is regarded as a semi-metal. It is closer to non-metals 
than metals in its properties. Aluminium ^d rest of the 
elements are metallic in nature. 

3 . Aluminium is the most abundant metal and third most 
abundant element after oxygen and silicon by mass in the 
earth’s crust. Boron is fairly rare but occurs as concentrated 
deposits of borax. Gallium is twice as abundant as boron but 
indium and thallium are much less common. 

4 , The atomic radii of members of group 13 are smaller than that 
of corresponding group IIA elements. The observed radius 


of Ga is nearly equal to that of Al. It is because the 
d electrons in Ga do not screen the nuclear charge effetively 
and the outer electrons experience more force of attmetion 
and thereby causing decrease in its radius, 

5 . Density incre^es from boron to thallium. However, boron and 
aluminium have comparatively low values. 

6* The melting pointe decrease from B to Ga and then increase 
from Ga to TL The high melting point of boron is due to the 
fact that it exists as a giant covalent polymer in both solid 
and liquid state. Gallium has an unusual structure. It consists 
of only Ga2 molecules. Gallium melting point is 30 ^C and it 
exists as a liquid up to 2000 °C and hence used in high 
temperature thermometry. 

Al, In and Tl all have closed packed metal structures. How- 
^ ever, boiling points follow a regular decrease from B to Tl. 
7 . Since p electrons are held less tightly than s electrons, the 
first ionisation energy of each element is rather low as 
compared to first ionisation energy of alkaline earth metal of 
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the same period. The second and third ionisation energies 
are considerably higher. The sum of three ionisation energies 
of these elements change in oscillating manner. B has 
maximum value. It decre^es from B to Al, increases from A 1 
to Ga, again decreases from Ga to In and then increases from 
IntoTL 

8. Boron having very high ionisation energy is least electro¬ 
positive, Le., regarded as more non-metallic. Aluminium is 
most metallic or electropositive. The remaining three are 
weakly metallic in nature. 

9. * B and Al exhibit an oxidation state of + 3 . Ga, In and T 1 show 

+1 and +3 oxidation state due to inert pair effect. 

Relative stability of +3 and +1 oxidation states can be given 
' as, 

B>Al>Ga>In>Tl + 3 stability decreases fromB to T 1 
B<Al<Ga<In<Tl + l stability increases fromB to T 1 
Tl^"^ ions show oxidising properties as these are converted 
into Tl”^ ions. Gallium appears to show +2 oxidation state in 
GaCl2. However, it is believed that this compound has 
structure Ga [GaCy which contains univalent and trivalent 
gallium ions. 

10* The bonding in the compounds of IHA elements is mainly 
covalent due to following reasons : 

(a) small size of ions and their high charge are responsible 
for high polarisation, 

(b) the sum of three ionisation energies is very high, 

(c) the electronegativity values are high, 

Boron always shows covalency. Many simple compounds of 
other elements such as AICI3 and GaCl3 are covalent when 
anhydrous. However, Al, Ga, In and T 1 form metal ions in 
solutions as the hydration energies are very high. 

Thallium compounds are ionic in nature. 

11. Group IIIA elements form complexes much more readily than 
.r-block elements because of their small size, increased charge 
and availability of vacant orbitals. 

12. Finely divided impure boron bums in air forming oxide while 
pure boron is less reactive. 

Aluminium reacts with air forming its oxide which protects it 
from further action. The oxide film on Al is so useful that in 
industry it is purposely increased by an electrolytic process 
caUed anodising. Anodised cooking vessels are used as non¬ 
stick cookware. Ga and In are not affected in air. T 1 forms an 
oxide on its surface. 

13. Boron is not affected by water or steam. Al decomposes cold 
water if the oxide layer is not present on its surface. Ga and 
In are attacked by water only in presence of oxygen. T 1 is 
attacked by moist air. 

14. Boron is not affected by non-oxidising acids while other 
elements dissolving forming trivalent salts. 

The oxidising acids attack all the elements. However, Al and 
Ga become passive with cone. HNO3. 

15. B, Al and Ga react with alkali solutions evolving H2. In and 
H are not affected. 

16. All these elements combine With halogens forming corres¬ 
ponding halides. 

Boron and aluminium combine with nitrogen and carbon on 
heating to form nitrides and carbides respectively. 
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The structure of boron nitride (BN) is similar to the structure 
of graphite. Recently, a crystalline form of boron nitride called 
borazon has been synthesised by application of high 
temperature and pressure. This form is even harder than 
diamond. It is used as abrasive. Boron carbide (B4C) is the 
hardest known artificial substance and is called norbide. 

17 . Boron combines with metals on heating to form borides. The 
rest of the elements do not combine with metals. 

18 . All the members of group EHA form oxides of the type M2O3. 
On moving down the group, there is gradual change from 
acidic to amphoteric and then to basic character. 

B2O3 AI2O3 Ga203 In203 . TI2O3 

Acidic ' ;; ' ' '-' 

Amphotenc Basic 

- Thallium also forms TI2O which is more stable and behaves 
as alkali metal oxide. 

19 . All these elements form hydroxides of the type M(OH)3, The 
basic nature of the hydroxides increases down the group. 
B(0H)3‘(H3B03) is acidic. B(OH)3 coordinates with OH” group 
of water releasing proton. 

B( 0 H )3 + 2H2O-> [B( 0 H) 4 ]“ + H 30 “' 

It reacts with NaOH to produce the sodium salt. 

B(0H)3 + NaOH ^5=5= Na[B(OH)4] ^~=.^ NaB02 

(Sodium metaborate) 

Boric acid contains triangular BO3” ion in which boron lies 
in sp^ hybrid state. In solid state, B(OH)3 units are hydrogen 
bonded to form two dimensional sheet. 

A1(0H)3 and Ga(OH)3 are amphoteric as the tendency to 
rupture O^—^H bond decreases as the size of the ion 
increases, In(OH)3 and Tl(OH)3 are basic in nature. . 

20 . The elements of group llIA do not directly combine with 
hydrogen. However, a number of hydrides are known. 
Boron forms a number of stable covalent hydrides with a 
general formulae B^H„ ^ 4 and B„H„ + 5. These are called 
boranes. Boranes are electron deficient compounds. The 
expected BH3 is unknown. Aluminium forms a polymeric 
hydride, (A1H3);2 known as alane. Gallium forms dimeric 
hydride, Ga2H^ (digaUane) and indium form a polymeric 
hydride. Thallium does not form any hydride. 

B, Al and Ga form complex anionic hydrides such as NaBH4, 
LiAlH4andLiGaH4. 

21 . All the elements of group IIIA forrn trihalides. The boron 

halides are covalent. The boron halides act as Lewis acids. 
All boron halides except BF3 are hydrolysed to boric acid. 
BF3 forms an addition product with water as B —^F bond is 
very strong. • 

BF3 + H2O ^ H"" [BF30H]^ ^. 5 i= : ^ HaO'^IBFaOH]' 

Boron halides for complex halides of the type H[BF4]. 

Hie trifluorides of Al, Ga, In and T 1 are ionic while the 
chlorides, bromides and icxiides are largely covalent when 
anhydrous. However, their covalent nature decreases on 
moving from Ga to TL Trihalides fume in air and undergo 
hydrolysis. They, also act as Lewis acids. However, this 
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tendency decreases with increase in size of the cation. The 
form contplex halides of the type They have the 

tendency to complete their octet by forming dimers. Dimer 
forms exist in vapour state and in non-polar solvents. Dimer 
stmctuies disappear when dissolved in water. This is due to 
high hydration energy, when [M(H 20 ) 6 ]^‘^ and 3X~ ions are 
formed. 

AICI3+9H2O —> [Ai(H20)6] (oh)3+ 3 }t +sa¬ 
il, The important minerals of boron are : 

(a) Borax,Na 2 B 4 O 7 T 0 H 2 O, 

(b) Colemamte,Ca2B60ii'5H20, 

(c) Boric acid, H 3 BO 3 . 

Borax is also called Tincal or Suhaga. Tincal contains about 
45% borax. Natural tincal is dissolved in hot water and 
insoluble impurities are filtered off. The solution is concen¬ 
trated and cooled when crystals of borax are obtained. It exists 
in three forms (a) Prismatic borax—^Na 2 B 4 O 7 ‘ 10 H 2 O (b) 
Octahedral—^Na 2 B 407 - 5 H 20 . This is Jeweller’s borax. It is 
obtained by crystallising solution at 60°C (c) Anhydrous— 
Na 2 B 407 . It is also called borax glass. It is not stable form as 
it absorbs moisture and gradually converted into decahydrate 
form. The solution of borax is alkaline in nature as it is a salt 
of a weak acid and strong alkali. 

On heating if first swells up due to elimination of water and 
then melts which solidifies to transparent glassy bead. 


Na2B4O7‘l0H2O 


Heat . 
-IOH2O 


Na2B407 

Anhydrous 

740^C ^ 


2NaB02 + B2O3 
Glassy bead 


When the hot glassy l^ad is brought in contact with a 
coloured salt and heated again inflame, B 2 O 3 displaces 
volatile oxides to form metaborates. Metaborates exhibit 
characteristic colours. This is known as borax bead test. 

Cu Fe Co Cr Ni 
Colour of metaborates Blm Green Blue Green Brown 


23. Boron is known to exist in-two forms (a) amorphous and 
(b) crystalline. 

Amorphous boron is obtained by reduction of B 2 O 3 with Na 
or K or Mg at high temperature in a covered crucible. 
Crystalline form is obtained by the reduction of B 2 O 3 with 
Al—powder. Crystalline boron is black and chemically inert 
in nature. It is very hard. Amorphous boron is brown and 
chemically active. Boron is used as a deoxidiser in the casting 
of copper and for making boron steel which are used as 
control rods in nuclear reactors, 

24, Diborane is the simplest hydride of boron. It is prepared by 
action of LiAIH 4 on boron trichloride in ether or by reacting 
lithium hydride with boron trifluoride. It is a colourless gas 
which is stable at room temperature. It has disagreeable 
odour and causes headache. It bums in air and reaction is 
highly exothamic. It is decomposed by water and alkalies 
liberating hydrogen. At low temperature, it forms an addition 
product with ammonia (B 2 H 6 - 2 NH 3 ). When this product is 
heated at 20CPC, a volatile compound, borazole or inorganic 
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benzene (B 3 N 3 H 5 ) is formed which has structure similar to 
benzene. 

In diborane molecule, four hydrogen atoms and two boron 
atoms lie in one plane. Above and below this plane, there 
are two bridging hydrogen atoms. Each boron atom forms 
four bonds though it has three electrons. Each bridge 
hydrogen atom is bonded to two boron atoms by sharing of 
two electrons. Such a covalent bond is called three centre 
electron pair bond or banana bond. Every boron atom is sp - 
hybridized. Diborane is used for making high energy fuels 
and propellants, 

25. On heating borazine, a product similar to naphthalene known 
as inorganic naphthalene is formed. 

26, The relative Lewis acid character of boron trihalides is found 
to follow the order : 

BI 3 > BBr 3 > BCI 3 > BF 3 

This is due to back donation by smaller halogen atoms to 
boron atom, Le., forming p%-~pn bond. This tendency is 
maximum in fluorine and decreases from F to I as the size 
increases. - 

27. Aluminium is extracted from bauxite ore (Al 203 * 2 H 20 ). It is 

usually contaminated with ferric oxide and silica. The removal 
of these impurities is very essential before the pure alumina 
is put to electrolytic reduction. The reiuovaLis done by the 
application of the following processes. . ' 

(a) Baeyer’s process—Applied when Fe 203 is the chief 
impurity. Cone, solution of NaOH used. 

(b) UbWs process—Sodium carbonate is used. 

(c) Serpeck’s process^—^The ore is mixed with coke and 
nitrogen is passed at 18(X)®C, 

AIN is formed which is hydrolysed into Al(OH) 3 . This method 
is applied when silica is present in abundance. Ammonia is 
obtained as a by-product. 

The electrolysis of pure alumina presents two difficulties.. 

(i) It is bad conductor of electricity. 

(ii) The melting point is about 2000®C. 

These difficulties are overcome by using a mixture containing 
alumina, cryolite {Na 3 AF 6 ) and fluorspar (CaF 2 ) in the ratio 
of20:40:20. The fusion temperature of this mixture is 9(Kf C 
and the mixture is good conductor of electricity. The 
electrolysis is carried out in an iron box lined by gas carbon 
which acts as cathode. The anode consists carbon rods. The 

overall chemical reaction is : 2 AI 2 O 3 -> 4Al + 3 O 2 

A1 of 99.8% purity is obtained. It is further purified by Hoof^’s 
electrolytic process. 

28, Because of its lightness, good conductivity and resistance 
to corrosion, it is used for making alloys. The important alloys 
are: 

(a) 'Magnalium (95% A1 + 5% Mg) 

(b) Duralumin (95% A1 + 4% Cu + 0.5% Mg + 0.5% Mn) 

(c) Aluminium bronze (90% Cu +9.5% A1 +0,5% Sn) 

(d) Nickeloy (95%A1 + 4% Cu + 1% Ni) 

(e) y-alloy (93% A1 + 4% Cu + 2% Ni + 1% MgX 

•' (f) Alnico (77% Steel + 2% Ni + 20% A1 + 1% Co) 

Thin foils of A1 are used for wrapping soaps, cigarettes and 
confectionery. A1 wire is used in transmission lines and coils 
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for dynamos and motors. It is also used for making silvery 
paints and in thermite process. 

29 . Anhydrous AICI3 is prepared by passing dry HCl or CI2 gas 
over heated aluminium turnings in absence of air. It is also 
obtained by passing CI2 gas over heated mixture of AI2O3 
and coke. It is used as a catalyst in Friedel-Craft’s reaction. 
The molecule is an autocomplex and is represented as : 

CU yCl\ /Cl 


Cl^ ^CK ^C1 


Anhydrous AICI3 is a Lewis acid. Anhydrous form is covalent 
while hydrated form AICI3-61120 is ionic. 

30 . The term alum is used! to describe any double sulphate having 
the composition M2S04-M2 (804)3 - 24H2O, whereM stands for 
monovalent basic radical and M' for a tri valent basic radical. 


The most commonly known alum is potash alum, 
K2S04‘Al2(S04)3-241120. It is used in purification of water, 
as an antiseptic and in stopping bleeding, as a mordant in 
dyeing and in leather tanning. 

31. Ultramarine is an artificial Lapis-Lazuli, a rare mineral 
(Na3Al3Sf3S30i2) which has fine blue colour. It is used in 
making blue paint. 

32 . Highly toxic element of group III A or 13 is thallium. 

33 . Precious stones such as sapphire, ruby, topaz, etc., are AI2O3 
containing oxides of other metals. 

34. Double sulphates of divalent ions and tri valent ions with 24 
water molecules of crystallisation are called {^eudoalums, e,g ,, 
MS04-M2(S04)3-24H20, These are not isomorphous with 
alums. 

35 . Aluminium acetate is commonly known as red liquor which 
is used as a mordant in dyeing and calico printing. 


-•••“ PRACTICE PROBLEMS -•••- 

'M:: ■ 


■ Subjective Type Questions 

1. Answer the following: 

(a) Which element among group 13 elements has the highest 
ionisation enthalpy? 

(b) Which has higher ionisation enthalpy? 

A 1 or Ga 

(c) Name the element of group 13 which forms the most 
stable compounds in +1 oxidation state. 

(d) Name the metal which is commonly used as a reducing 
agent in metallurgical operations. 

(e) Name the most abundant metal in the earth’s crust. To 
which group does it belong? 

2 . (i) By means of a balanced equation show how H3BO3 

behaves as an acid in water. 

(ii) Anhydrous aluminium chloride is used as a catalyst. 
Explain. 

(iii) Which elements of group 13 form amphoteric 
hydroxides.? 

(iv) Why boron is unable to form [BF^]^ ion? 

(v) Does Ga has +2 oxidation state in GaCl2? 

3 . (i) What are basic units in the structure of orthoboric acid? 

How are they linked? 

(ii) What types of bonds are present in diborane? 

(iii) What is the nature of boron halides? 

(iv) Why boron halides do not exist as dimers? Why AICI3 
exists as AI2CI6? 

(v) Explain briefly why boron trichloride is a gas and 
aluminium trichloride is a dimer solid. 

4. Give formula of the following: 

(a) (i) Panderinite (ii) Rasorite [M.L.N.R. 1996 ] 

(iii) Jeweller’s borax (iv) Feldspar 

(v) Cryolite (vi) Corundum 

(vii) Alunite (viii) Turquoise 

(ix) Colemanite (x) Mica 


(b) Write the formulae of the compounds, you would expect 
B and A 1 to form with halogens, oxygen, sulphur, 
nitrogen and carbon. 

5. Answer the following: 

(i) What is the outer electronic configuration of group IlIA 
elements? 

(ii) Name the first two elements of group IIIA. 

(iii) What is Tincal? 

(iv) What is thermite mixture? 

(v) What is inorganic benzene? 

(vi) Name the two metals present in common alum. 

(vii) Name the aluminium compound used in Friedel-Craft’s 
reaction. 

(viii) What is silver paint? 

(ix) Name the metal which is commonly used as a reducing 
agent in metallurgical operations. 

(x) Name the compound of aluminium which is used as 
germicide and coagulant in the purification of water, 

6. What happens when? 

(i) Dry chlorine gas is passed over hot mixture of alumina 
and coke. 

(ii) Borax is heated strongly. 

(iii) Excess of caustic soda is added to a solution of 
aluminium chloride. 

(iv) Water is added to aluminium nitride. 

(v) Water is added to aluminium carbide. 

(vi) Aluminium is heated with caustic soda solution. 

[LLT. 1997 ] 

(vii) A mixture of borax and cobalt oxide is heated in flame, 
(viii) Alum is heated. 

(ix) Alum is added to copper sulphate solution, 

(x) Aluminium reacts with HNO3. 

7 . Starting from borax, how would you obtain? 

(i) Boric acid, (ii) Boron trioxide, (iii) Boron, 

(iv) Boron nitride, (v) Boron trichloride. 
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8. Starting from alumina, how would you obtain? 

(i) Potash alum, 

(ii) Anhydrous aluminium chloride, 

(iii) Aluminium nitride, (iv) Sodium aluminate, 

9 . How you will obtain? 

CO Anhydrous aluminium chloride from pot^h alum. 

(ii) Aluminium bromide from aluminium chloride. 

(iii) Aluminium sulphate from potash alum, 

(iv) Alum from aluminium. 

10 . Give an account for the following: 

(a) No visible reaction occurs when aluminium is left in 
contact with concentrated nitric acid. fM.L.N.R. 1991 ] 

(b) The hydroxides of aluminium and iron are insoluble in 

water. However, NaOH is used to separate one from the 
other. [LIX 1991 ] 

(c) Anhydrous aluminium chloride cannot be prepared by 
heating hydrated AlCl3’6H20. 

(d) Aluminium vessels should not be cleaned with cleansing 
agent containing washing soda. 

(e) Duralumin is used in aircraft industry, 

11 . Explain the following with relevant reason. 

(i) Aluminium vessels can'K used to store concentrated 
nitric acid. 

[Hint : HNO3 forms a prot^tive film, AI2O3, on the walls 
of the containers which is not acted upon by cone. 
HNO 3 .] 

(ii) AICI3 forms a dimer but BCI3 does not form dimer. 
[Hint : AICI3 lacks back bonding as in BCI 3 because of 

increase in size of aluminium. Aluminium metal 



atoms complete their octet by coordinate bond 
forming bridges by chlorine atoms between two A1 
atoms.] 

(iii) Aluminium metal is frequently used as reducing agent 
for the extraction of metals such as Cr, Mn, Fe, etc. 
[Hint i A1 has great affinity for oxygen. Al, thus, lemoves 
oxygen from the oxides of less electropositive metals 
and acts as reducing ngent, 


Cr 203 + 2A1-^ 2Cr + Al 203 i AH — — ve] 

(iv) Aluminium cannot be prepared by the electrolysis of 
aqueous solution of its salt. 

[Hint : Discharge potential of aluminium is higher than the 
discharge potential of hydrogen. Thus, the aqueous 
solution containing Al^**^ and H^ ions, when 
electrolysed, the ions rather than Al^”^ ions are 
discharged at cathode and hydrogen is evolved.] 


(v) The B —X distance is shorter than what is expected 
theoretically in BX3 molecule (X = Cl, F, Br, I)? 

[Hint : The bond B —X in BX^ has double bond character 
due to back bonding. This brings resonance in the 
molecule which is responsible for shorter B —X 


distance than expected. 




(vi) Although the ionisation potential of boron ( 8.30 eV) is 
less than gold ( 9,22 eV), yet former is a non-metal while 
the latter is a metal. 

[Hint : This is due to structural difference in the solid states. 
In general, metals have large number of atoms as 
neighbours while non-metals have relatively less 
number of atoms as neighbours. Gold has 12 atoms 
as neighbours while boron has 6 or less atoms as 
neighbours in solid states.] 

(vii) Why boron does not form B^^ ion? 

[Hint : The total sum of all the three ionisation energies of 
boron is so high that lattice energy liberated by 
interaction of and anions is not enough for 
formation of this ion.] 

(viii) Aluminium fluoride is ionic while AIQ3 is covalent. 

[Hint ; The size of chloride ion is larger than fluoride ion. ^ 
Due to higher polarisation in AICI 3 , it behaves as a 
covalent compound. The electronegativity difference 
between Al and Cl is 1 .5 while between Al and F it 
is 2,5. Thus, the bond between Al and F is ionic 
and between Al and Cl covalent in nature.] 

(ix) First ionisation potential of Al is lower than that of Mg. 
[iBnt : The electronic configuration of Al and Mg are 1.?^, 

2s^ 3 / 3p^ and l/, 2s^ 2p^, 3s^ respectively. 

It is easier to remove electron from unpaired 
p-orbital than the paired .y-orbital.] 

(x) Borazine is more reactive than benzene. 

[Hint : In benzene, C—C bonds , are non-polar while in 
borazine, the bonds between beroh and nitrogen are 
polar. Addition is frequent in borazine, the more 
negative group generally attaches to boron atoms.] 

(xi) Certain metallic oxides are reduced with aluminium 
rather than with carbon during extraction. 

[Hint : The metals which react with carbon to form carbides 
are extracted from their oxides by using aluminium 
as a reducing agent as it has high affinity for oxygen.] 

(xii) Ai(OH )3 is amphoteric. [M.L.N,R. 1994] 

[Hint : It dissolves in acid as well as in alkali.] 

12. Write short notes on the following: 

(i) Goldschmidt alumino-thermic process. 

(ii) Ultramarines. 

(iii) Alums. 

(iv) Electrolytic refining of aluminium metal 

(v) Relative strength of boron halides as Lewis acids. 

(vi) Borax bead test. 

13. Describe the preparation, properties and uses of following 

compounds: 

0 ) Borax. (ii) Potash alum. 

(iii) Anhydrous aluminium chloride. 

(iv) Boric acid. (v) Borazine. 

14. Compare the properties of boron and aluminium under the 

following heads: 

(i) Electronic configuration. (ii) Nature of oxides. 

(iii) Nature of chlorides. (iv) Action of acids. 

(v) Nature of hydrides. (vi) Nature of nitrides. 

15. A certain salt (X) gives the following tests: 

(i) Its aqueous solution is alkaline to litmus. 
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(ii) On strongly heating it swells to give a glassy bead. 

(iii) . When concentrated sulphuric acid is added to a hot 

concentrated solution of (X), white crystals of a weak 
acid separate out. Identify (X) and write down, the 
chemical equations for reactions at steps (i), (ii) and (iii). 

[Roorkee 1992 ] 

mbit t (X) is borax, Na2B4O7 l0H2O 

(i) Na2B407 + 7H2O ^ 2 NaOH + 4H3BO3 

(Strong) (Weak) 

Due to presence of NaOH, the ^ueous solution is 
alkaline to litmus. 

(ii) Na 2 B 407 ■ IOH 2 O Na2B407 + IOH 2 O-. 

2NaB02+ B2O3 

Glassy bead 

(iii) Na2B407 + H2SO4 + 5H2O-> Na2S04 + 4H3BO3] 

16« A white crystalline compound (A) swells upon heating and 

gives violet coloured flame on bunsen flame. Its aqueous 
solution gives the following reactions. 

(a) A white precipitate with BaCi2 in presence of HCl. 

(b) When treated with excess of NH4OH, it gives white 
gelatinous precipitate. The white precipitate dissolves 
in NaOH and reappears on boiling with concentrated 
solution of NH4CL 

(c) It gives yellow precipitate with cobaltinitrite solution. 

Identify the cornpound (A) and explain the reactions. 

imtit: The .. compound (/I) is potash alum, 

K2S04-Al2(S04)3*241120. It swells upon heating 20, 
due to evolution of water molecules. 

K2SO4 • Al2(S04)3 ■24H20^!f^K2S04 ■ Al2(S04)3+24H2O 

It gives violet colour to flame due to presence of potassium 
salt 

(a) The solution consists, sulphate ions which combine with Ba^"^ 
ions to form white insoluble precipitate. 

- Ba^'^ + SOl^ —4 BaS04 

(b) With NH4OH, aluminium hydroxide is precipitated which 
dissolves in NaOH forming sodium meta-aluminate. 

Al2(S04)3 + 6NH40H --> 2AI(0H)3 + 3 (NH 4 ) 2 S 04 

ppt. 

. ‘ Al(0H)3 + NaGH -^ NaAlOi + 2H2O ^ * . 

Soluble 

The solution on heating with ammonium chloride gives a 
precipitate of Ai(0H)3. 21« 

NaA102 + NH4CI *f H2O —^ A1(0H)3 + NaO + NH3 

(c) Potassium salt gives yellow precipitate with cobaltinitrite ^ 
solution. 

2K2S04 + Na4[Co(N02)6] -^ K4(Go(N02)6] + 2Na2S04] 

' Yellow ppt. 

17# An inorganic compound (A) shows the following reactions: 

(i) It is white solid, exists as dimer and fumes in wet air. 

(ii) It sublimes at 18 (fC and forms monomer if heated-to 
400 ^C. 


(iv) Addition of NH4OH and NaOH separately to the 
solution of (A) gives a gelatinous precipitate which is, 
however, soluble in excess of NaOH. Identify the 
compound (A). 

[Ans. (A)isAl2Cl6] 

The metollic salt XY is soluble in water. 

When the solution is treated with NaOH solution, a white 
precipitate (A) is formed. This precipitate is soluble in excess 
of NaOH solution to form a compound (B), When this 
solution is boiled with solid NH4CI, a piecipitate of a 
compound (C) is formed. An aqueous solution of XY upon 
treatment with BaCl2 solution gave a white precipitate (D) 
which was insoluble in dilute HCl. The salt XY forms a double 
salt with potassium sulphate. 

[Ans. XY = Al2(S04)3; [A] = A1(0H)3; [B] = NaA102; 
iq = A](0H)3; [D] - BaSOJ 

Furnish the following information in connection with the 
extraction of aluminium by the electrolytic process : 

(i) the composition of the electrolyte; 

(ii) the reactions that take place at the electrodes; 

(iii) the component of the electrolyte consumed; 

(iv) collection of the extracted metal; 

(v) the nature of the electr(xies; 

(vi) the temperature of electrolysis; 

(vii) the role of different components of the electrolyte in 
the process of extraction. 

Compound (X) on reduction with LiAlH4 gives a hydride (F) 
containing 21 . 72 % hydrogen along with other products. The 
compound (F) reacts with mr explosively resulting in boron 
trioxide. Identify (X) and (F). Give balanced reactions 
involved in the formation of (F) and its reaction with air. Draw 
the structure of (F). " [LI.T. 2001 ] 

mat t 4BCl3+3LiAlH4-^2B2H6 + 3AlCl3 + 3LiCl 

(X) (Y) 

% of hydrogen in B2H6 = X100 = 21.72 
B2H6 + 3O2 > B2O3 + 3H2O 

(Air) 


H. M 


Structure of B2H5 \b/ >F \ ] 

h/ ^H 


(a) How is boron obtained from borax? Give chemical 

equations with reaction conditions. Write the structure 
of B2H5 and its reaction with HGl, [I.LT. 2002] 

DHMi See the text.] 

(b) Write balanced equations for reactions of BF3 and 

AI4C3 with water. [I.I.T. 2002] 

[Htat i 4BF3 + 6H2O-^ H3BO3 + 3H3O + 3 BFi 

AI4C3 + I2H2O 4A1(0H)3 + 3CH4] 


(iii) Its aqueous solution turns blue litmus to red and gives 
a white precipitate with AgN03 solution which is 
soluble in NH4OH. 
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■ Matching Type Questions 

Match the following: 

[A] (a) Anhydrous AICI3 (i) Antiseptic 

(b) Alum (ii) Alloy 

(c) Ultramarine (iii) Friedel-Crafts reaction 

(d) Borax (iv) Complex blue coloured 

silicate 

(e) Magnelium (v) Tincal , 

[B] (a) Coleruanite (i) Na3AIF6 

(b) Cryolite (ii) KAl(S04)rl2H20 

(c) Bauxite (iii) Ca2B60j{-51120 

(d) Borax (iv) Na 2 B 4 O 740 H 2 O 

(e) Potash alum (v) A1203-2H20 




Answers : Subjective Type Questions 

1. (a) Boron (b) Gallium (c) Thallium 

(d) Aluminium (e) Aluminium, Group 13 

2. (i) B(0H)3 + H—OH-> [B(0H)4r + 

(ii) At atom in AICI3 has only 6 electrons in its valence shell. It 
needs two more electrons to complete its octet. It acts as a 
Lewis acid in reaction. It helps to generate electro^phile ^ or 

etc., which attacks benzene, Le,, the aromatic ring. 

(iii) Aluminium and gallium 

A1(0H)3 + 3HC1 AICI3 + 3H2O 
2A1(0H)3 + 2NaOH + 6H2O 2NaAl(OH)4 + 3H2 
' . Ga(0H)3 + 3ea-—^ GaCL + 3H2O 

2Ga(OH)3 + 2NaOH + 6H2O-> 2NaGa(OH)4 + 3H2 

(iv) Boron cannot expand octet due to absence of ^f-orbitals in the 

valence shell. . 

(v) GaCl2 is actually Ga2Cl4, i.e., Ga'*‘[Ga^’‘'Cl4]. Ga has thus +1 
and +3 oxidation states and not + 2 . 

'I ■ * 

3 . (i) The basic units are BO3” ions which are linked through 

hydrogen bonds. 

(ii) There are two types of bonds in diborane two electron normal 
bonds and three centred two electron bonds. 

(iii) Boron halides are electron deficient compounds. They act as 
Lewis acids. 

(iv) Boron atom being small in size is unable to accommodate four 
large sized halogen atoms around it. 

(v) In BCI3, boron attains an octet of electfoi^ by means of 
pn-pK bonding between B and Cl atoms. Thus, it exists as a ' 
monomeric gas. Due to laige size of Al, efficient pn-pn bonding 
cannot occur. Thus, AICI3 dimerises to attain an, octet by 
forming adative bond between Cl and Al atoms. Thus, it exists 
as a solid. 

A (a) 

(i)Ca 2 B 60 ir 3 H 20 , (ii) Na 2 B 4074 H 20 , 

(m) Na2B407«5H20, (iv) KAlSisOg, 

(v)Na3AlF6, . (Vi) AI2O3, 

(vii) K2S04-Al2(S04)34Al(0H)3,(viii) A1P04-A1(0H)3-H20, 
(ix)Ca 2 B 60 ir 5 H 20 , (x>K 20 ‘ 3 Al 203 - 6 Si 02 * 2 H 20 . 

(b) Formulae of the compounds of boron and aluminium : BX3 
and AIX3, B2O3 and AI2O3, B2S3 and AI2S3, BN and AIN, 
B12C3 and AI4C3. 


[C] (a) Inorganic benzene (i) Na2B4O7-10H2O 

(b) Jeweller's borax (ii) 62!^ 

(c) Borax (iii) Na2B407-5H20 

(d) Diborane (iv) Mordant 

(e) Alum (v) B3N3H^ 

[D] (a) Good thermal (i) Building ships and 

conductivity aircrafts 

(b) Good electrical (ii) Utensils 

conductivity 

(c) Low density and (iii) Electric wir^ 

resistance to corrosion 

(d) Non-toxicity (iv) Adsorbent 

(e) Gel nature of A1(0H)3 (v) Food packing 


2 1 

5, (i) m np , (ii) Boron and aluminium, (iii) It is a mineral of boron. 
Its composition is Na2B4O7-10H2O, (iv) Mixture containing 1 part 
Al powder and 3 parts Fe203, (v) Borazoie or borazirie, B3N3H6 
is known as inorganic benzene, (vi) Common alum is the double 
sulphate of potassium and aluminium. Its composition is, 
K2S04-Al2(S04)3'24H20, (vii) Anhydrous aluminium chloride, 
AICI3, (viii) Finely divided aluminium powder suspension in linseed 
oil, (ix) Aluminium, (x) Common alum, K2S04-Al2(S04)3*241120. 

6, (i) AI2O3 + 3C + 3CI2-^ 2AICI3 + 3C0 

(ii) Na2B407■IOH2O ''■°”^^> Na2B407-->2NaB02 + B2O3 

(iii) AICI3 + 3NaOH—4 Al(OH)3 + SNaCl 

A1(0H)3 + NaOH-> NaAlOa + ffljO \ 

(iv) AIN + 3H2O— 4 A1(0H)3 + NH3 ’ 

(v) AI4C3 + I2H2O-> 4A1(0H)3 + 3CH4 

(vi) 2A1 + 2NaOH + 2H2O —4 2NaA102 + 3H2 

(vii) Na2B407 •IOH2O > Na2B407 ^ 2NaB02+B203 

B2O3 + CoO- ¥ Co(B02)2 

Cobalt metaborate 

(viii) It melts and loses water of crystallisation up to 20(PC and 
white porous mass is obtained on red heat. This white mass 
is known as burnt aluni, 

K2SO4 ■ Al2(S04)3 ■24H2O K2SO4 ■ Al2(S04)3 +24H2O 

„ K2S04 - Al2(S04)3 K2SO4+AI2O3 + 3SO3 

(ix) Being more electropositive, it displaces copper from copper 
sulphate. 

3CUSO4 + 2AI-> AI2 (S04)3 + 3Cu 

(x) Nitric acid whether dilute or concentrated hardly affects 
aluminium at all. Aluminium is rendered passive. A thin film 
of AI2O3 is formed on the surface of the metal. 

7, (i) Na2B407 + H2SO4 + 5H2O-> 4H3BO3 + Na2S04 

(ii) 2H3BO3 43^ B2O3+3H20 . 

(iii) B2O3 + 3Mg—^ 2B + 3MgO 

, (iv) Na2B407 + 2NH4CI —^ 2BN + B2O3 + 2NaCl + 4H2O . 
(v) B2O3 + 3C 4- 3CI2-^ 2BCI3 + 30) 
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8. (i) AI2O3+3H2SO4 > Al2(S04)3 + 3 H 20 

Calculated quantity of K2SO4 is added to above solution. The 
solution is cooled when crystals of alum are obtained. 

Al2(S04)3 + K2SO4 + 24H2O-> K2S04*Al2(S04)3*24H20 

(ii) AI2O3 + 3 C + 3CI2 > 2AICI3 + 3 CO 

(iii) AI2O3 + 3C + N2 ^^^^2A1N + 3 C 0 

(iv) . AI2O3 + 6NaOH 2Na3A103 + SHjO 

9. (i) K2S04 Al2.(S04)3-24H20 + 6NH4OH-» 

K2SO4 + 3(NH4)2S04 + 2A1(0H)3 + 24H2O 

, ppt: 

Heat 

2A1(0H)3 AI2O3 + 3H2O 

lOOO'C ^ 

AI2O3 + 3 C + 3CI2-^ 2AICI3 + 3 CO 

(ii) AICI3 + 3NH4OH-> A1(0H)3+3NH4C1 * 

ppt. 

A1(0H)3 + 3 HBr-> AlBr3 + SHaO 

or A1(QH)3 > AI2Q3 + 3H2Q 

AI2O3 + 3 C + 3 Br 2 -^ 2 AlBr 3 + SCO 

(iii) Potash alum + NH4OH-> Al(OH)3 

ppt. 

2A1(0H)3 + 3H2SO4 —^ Al2(S04)3 + 6H2O 

(iv) A 1 Al2{S04)3 K2S04'Al2(S04)3-24H20 

cooled 

10 . (a) Aluminium is rendered passive. 

(b)_A1(0H)3 dissolves in NaOH while Fe(OH)3 remains insoluble. 
_ A1(0H)3 NaOH-» NaAlC^ -h 2H2O 


GR.B. Inorganic Chemistry for Competitions 

(c) Hydrolysis of AICI3 occurs into AbOj. 

2AlCi3 + 3 H 20 ->Al203 + 6HCl: 

(d) Aluminium dissolves in caustic alk^ies. 

(e) Duralumin is an alloy of aluminium ( 95 %), Cu ( 4 %), Mg ( 0 . 5 %) 
and Mn ( 0 . 5 %). It is light and tough. It is resistant to corrosion. 

19 . (i) Pure AI2O3 20 %; Cryolite Na3AlF6 60 %; Fluorspar CaF2 

20%, 

(ii) Reactions at electrodes, 

At cathode ; Al^'" + 3 e-> A 1 

At anode : 2 F“-^ F2 + 2 ^ 

2AI2O3 + 6F2-> 4AIF3 + 3O2 

(iii) TTie component consumed during electrolysis, AI2O3. 

(iv) The liberated metal in the molten state is taken out through 
an outlet near the bottom of the elecUolytic cell. 

(v) Carbon lining of the electrolytic cell acts as cathode and 

carbon rods act as anode. * 

(Vi) 95 (fC. 

(vii) Molten cryolite ^ts as the solvent for AI2O3. Fluorspar 
decreases the viscosity of the mixture. Both decrease the 
fusion temperature from 2050 °C to 950 T! and make the mass 
good conductor of electricity. 

Answers : Matching Type Questions • 

[A] (a—iii); (b—i); (c—^iv); (d—v); (e—ii) 

[B] (a~iii); (b—i); (c—v); (d^iv); (e—ii) 

[C] (a—^v); (b—^iii); (c—i); (d—ii); (e—^iv) 

[D] (a—ii); (b—iii); (c—i); (d— ^v); (e^ — ^iv) 


ItlUmilONS OF OBJECTIVE QUESTIONS 


1 * Correct match is : 

(a) Ordinary form of borax 

(b) Colemanite 

(c) Boronatrocalcite 

(d) Octahedral form of borax 
Ans. (b) 


Na 2 B 40 r 5 H 20 
Ga2B60n -51120 
2Mg3BgOi5‘MgCl2 
Na2B407* IOH2O 


2 . Which of the following is correct? 

(a) The members of + 5 are less stable than ^ 4 
series . 

(b) Diborane is coloured and unstable at room temperature 

(c) The reaction of diborane with oxygen is endothermic 

(d) All of the above 
Ans. (a) • 

3. In which of the following, a salt of the type KMO2 is 

obtained? ^ 

(a) B2H6 + KOH(a^.) (b) A 1 + KOE(aq,) -> 

(c) Both (d) None 

Ans. (c) 

[Hint ; B2H6 + 2 KOH + 2H2O-J 2KBO2 + 6H2; 

Pot metiborate 

2 A 1 + 2 KOH + 2H2O-^ 2KAIO2 + 3H2] 

Pot. metaaluminate 

4 . Which of the following minerals does not contain alu¬ 
minium? 

(a) Cryolite (b) Mica 

(c) Feldspar (d) Fluorspar 

Ans. (d) 


5 , 


6 . 


[Hint tCryolite^NasAlFg; Feldspar—KAlSiaOg ; 

Mica ^ K20'3Al203-6SiQ2*2H20 ; Huoispar—CaF2] 
The function of fluorspar in the electrolytic reduction of 
alumina dissolved in fused cryolite (NasAlF^) is : 

(a) as a catalyst 

(b) to lower the temperature of melt and to make the fused 
mixture very conducting 

(c) to decrease the rate of oxidation of carbon anode 

(d) none of the above 

Ans. (b) ' 


A layer of coke is spread over bauxite during electrolytic 
reduction of alumina by Hall - Heroult process. This layer 
acts as a/an : 

(a) flux 

(b) slag to remove impurities 

(c) reducing agent 

(d) insulation and does not allow heat to escape 
Am* (d) 


7 , Which of the following compounds is formed in borax bead 
test? (AJ.I,M.S. 2004 ] 

(a) Metaborate (b) Tetraborate 

(c) Double oxide (d) Orthoborate 

Ans. (a) 


[Hint : Borax on heating gives B2O3 (transparent glassy mass). 
When hot B2P3 is brought in contact with a coloured salt, 
metaborates are formed. 
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Na2B4O740H2OB2O3Metaborate 

CUSO4 + B2O3-^ Cu(B02)2 + SO3] 

8 . Aluminium chloride exists as a dimer, AI2CI6, in solid state as 

well as in solution of non-polar solvents such as benzene. 
When dissolved in water, it gives: [AXE.E.E. 2004 ] 

(a) Al^'' + 3 Cr (b) [Al{H20)6]^''+3Cr 

(c) [A1(0H)6]^+3HC1 (d) AI 2 O 3 + 6 HCI 

Ans, (b) 

[Hint : The dimeric formula, AI2CI6, is retained in non-polar 
solvent but is broken into [Al(H20)6]Cl3 on dissolution 
in water on account of high heat of hydration.] 

9. Inorganic graphite is : 

(a)B 3 N 3 H 6 (b)B 3 N 3 

(c) SiC . (d) P4S3 

Ans. (b) ^ 

10 . Hydrated AICI3 is used as : 

(a) catalyst in cracking of petroleum 

(b) catalyst in Friedel-Crafts reaction 

(c) mordant 

(d) all of the above 
Ans, (c) 

11 . Borax is used as a cleansing agent because on dissolving in 

water, it gives: [AJJ.M.S. 2 ^ 06 ] 

(a) alkaline solution (b) acidic solution 

(c) bleaching solution (d) neutral solution 

Ans. (a) 

[Hint : Borax dissolves in water and gives an alkaline solution. 
Na2B407+7H20 2 NaOH + 4H3BO3 ] 

Strong Weak acid 
bast 
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12. AI2O3 can be converted to anhydrous AICI3 by heating: 

[C.B.S.E. 2006 ] 

(a) a mixture of Ai203 and carbon in dry CI2 gas 

(b) AI2O3 with CI2 gas 

(c) AI2O3 with HCl gas 

(d) A1203 with NaCl in solid state 
Ans, (a) 

[Hint : AI2O3 + 3 C + 3CI2-^ 2Aia3 + 3 CO] 

13. Boric acid is used in carrom boards for smooth gliding of 
pawns because: 

(a) H3BO3 molecules are loosely chemically bonded and 
hence soft 

(b) its low density makes it fluffy 

(c) it is chemically inert with the plywood 

(d) H~bonding in H3BO3 gives it a layered structure 
Ans. (d) 

14. Boric acid is polymeric due to: 

(a) its monobasic nature 

(b) its acidic nature 

(c) the presence of hydrogen bonds 

(d) its geometry 
Ans. (c) 

15. The chemical formula of feldspar is: 

[E.A.M.CX:.T. (Engg.) 2007 ] 
(a) KAISi308 (b) Na3AlF6 

(c) NaA102 (d) K2S04-Al2(S04)34Al(0H)3 

Ans. (a) 

16. The chief impurity present in red bauxite is: 

[aC.E.(Engg.)2W)7] 

(b) Fe203 
(d) NaF 


(a) Si02 
(c) K2SO4 
Ans. (b) 
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OBJGCTIVG QUGSTIONS 



Set I : This set contains questions with one correct answer. 


L The formula of corundum is: I 

(a) AI2O3 □ (b) AlaOs'HaO .□ 

(c) M2O3 2H2O □ (d) AlaOs-SHaO □ 

2 Aluminium belongs to: 

(a) 5“block elements □ (b) p-block elements □ 

(c) (i-block elements □ (d) /-block elements □ 

3 . Aluminium forms: 

(a) electrovalent compounds only □ 

(b) covalent compounds only □ 

(c) electrovalent and covalent compounds both . □ 

(d) coordinate compounds only □ 

4 Alumina is: 

(a) acidic □ (b) basic □ 

(c) neutral □ (d) amphoteric □ 

5 . The metal ^hich evolves hydrogen, when treated with 
caustic soda solution is: 

(a)Cu □ (b)Hg □ 

(c) Ni . □ (d) A 1 □ 

6. When aluminium is heated in atmosphere of nitrogen forms 
a nitride of formula: 

(a) AIN □ (b) AI3N □ 

(c)A 1N3‘' □ (d)Al2N3 □ 

7 . Which one of the following is most abundant in the earth’s 
crust? 

(a) B □ (b) A 1 □ 

(c) Ga □ (d) In □ 


8 . The major role of fluorspar (CaF2) which is added in small 
quantity in the electrolytic reduction of alumina dissolved in 
fused cryolite, Na3AlF6,. is : 

(i) as a catalyst 

(ii) to make the fused mixture very conducting. 

(iii) to lower the temperature of the melt 

(iv) to decrease the rate of oxidation of carbon at the anode 


(a) (i) and (ii) □ (b) (ii) and (iv) □ 

(c) (ii) and(iii) □ (d) (i) and (iii) □ 

9 . A 1 and Ga have nearly the same covalent radii because of: 

(a) greater shielding effect of s electrons of Ga atoms □ 

(b) poor shielding effect of s electrons of Ga atoms □ 

\ (c) poor shielding effect of d electrons of Ga atoms □ 

(d) greater shielding effect of d el^trons of Ga atoms □ 

10 . Which of the following has the lowest melting point? 

(a) B ‘ □ (b) Ck □ 

(c) A 1 □ (d) T 1 □ 

11 . Which of the following is acidic in nature? [A.LLM,S. 2004 ] 

■ (a) Be(OH)2 □ (b) Mg(OH)2 □ 

(c) AI(OH)3 □(d) B(0H)3 □ 


[iint: Mg(OH )2 is a weak, base and Be(OH)2 and A1(0H)3 are 
amphoteric in nature. B(0H)3 can accept one hydroxyl ion 
from water and proton is released. Thus, it acts as a Lewis 
acid.] 


12 . Which one is borax? 

(a) Na2B4O7-10H2O □ (b) Na2B4074H20 □ 

(c) Ca2B60ir5H20 □ (d) €36407 □ 

13 . The electrolytic reduction method for extraction of aluminium 
was discovered by: 

(a) Hoope □ (b) Hall and Helvoult □ 

(c) Baeyer □ (d) Serpeck , □ 

14 Cryolite is: 

(a) sodium fluoride □ 

(b) aluminium fluoride . □ 

(c) scKiium aluminium fluoride □ 

(d) none of the above □ 

15 . Which one of the following is not an ore of aluminium? 

(a) Bauxite * □ (b) Corundum □, 

(c) Epsomite □ (d) Alum stone □ 

16 . When alumina is heated with carbon in nifrogen atmosphere, 
the products are: 

(a) Al + CO □ (b) AI + CO2 0 

(c)A 1 + C 0 + C 02 □ (d)AlN + CO O 

17 . When alumina is electrolysed in presence of cryolite, the gas 
liberated at graphite anode is: 

(a) F2 □ (b) O2 □ 

(c) CF4 □ (d) F2O □ 

18 . The electrolysis of pure alumina is not feasible because: 

(a) it is bad conductor of electricity and its fusion tempera¬ 
ture is high □ 

(b) it is volatile in nature □ 

(c) it is decomposed when fused □ 

(d) it is amphoteric □ 

19 . In the extraction of aluminium, the, function of cryolite is to: 

(a) lower the melting point of alumina □ 

(b) increase the melting point of alumina □ 

(c) remove impurities from alumina ' □ 

(d) minimise the anodic effect □ 

20 . Aluminium does not react with: 

(a) NaOH □ (b) HQ . □ 

(c) N2 □ (d) HNO3 □ 

21 . The common impurities present in bauxite ore are: 

(a) Fe203 and CuO □ (b) Fe203 and PbO □ 

(c) Fe203 and Si02 □ (d) Si02 and CuO □ 

22 . In Hall’s process, the ore is mixed with: 

(a) coke □ (b) calcium carbonate □ 

(c) sodium hydroxide □ (d) scKiium carbonate □ 

23 . Borax is prepared by treating colemanite with: 

(a) NaN03 □ (b) NaCl □ 

(c) NaHCX% □ (d) Na2C03 □ 

24 . On the addition of mineral acid to an aqueous solution of 
borax, the following compound is formed: 

(a) boron hydride □ (b) orthoboric acid □ 

‘ (c) metaboric acid □ (d) pyroboric acid □ 
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25 . 


26 . 

27 . 

28 . 


29 . 

30 . 

31 . 


32 . 


33 . 

34 . 

35 . 


36 . 

37 . 


Which of the following compounds is formed when boron 
trichloride is treated with water? 

(a) H3BO3 + HCl □ (b) B2H6 + HCl □ 

(c) B2O3+HCI □ (d) None of these □ 

.is the by-product obtained in the Serpek’s process. 

(a) Oxygen □ (b) Ammonia □ 

(c) Nitrogen dioxide □ (d) Nitric oxide □ 

Aluminium metal is purified by: 

(a) Hoopes process □ (b) Hall’s process □ 

(c) Serpek’s process □ (d) Baeyer’s process □ 

Which one of the statements is correct for A 1 metal? 


(a) It is bad conductor of electricity □ 

(b) It is malleable and ductile □ 

(c) It is found free in nature □ 

(d) Alloys of aluminium are heavy □ 

Which one of the following is not the alloy of aluminium? 
(a) Magnalium □ (b) Duralumin □ 

(c) German silver □ (d) Aluminium bronze □ 

In the alumino-thermite process, A 1 acts as: 

(a) an oxidising agent □ (b) a flux □ 

(c) solder □ (d) a reducing agent □ 

Alumina may be converted into anhydrous aluminium 
chloride by: 

(a) heating it with cone. HCl □ 

(b) heating in a current of dry chlorine □ 

(c) heating it with rock salt □ 

(d) mixing it with carbon and heating the mixture in a current 

of dry chlorine □ 

Which of the following statements about anhydrous 
aluminium chloride is correct ? 

(a) It exists as AICI3 molecule □ 

(b) It is a strong Lewis base □ 

(c) It sublimes at 100 °C under vacuum □ 

(d) It is not easily hydrolysed □ 

Which hydroxide is soluble in sodium hydroxide? 

(a) Fe(OH)3 □ (b) Al(OH)3 □ 

(c) Cr(OH)3 □ (d) All of these □ 

The nature of the solution of potash alum is: 

(a) acidic □ (b) basic □ 

(c) neutral □ (d) uncertain □ 

Which one of the following is alum? 

(a) NH4Fe-(S04)2-12H20 □ 

(b) KCl-MgCl2-6H20 □ 

(c) (NH4)2S04-FeS04-6H20 □ 

(d) NaNH4-S04 □ 

Alums are used for: 

(a) tanning of leather □ (b) coagulation □ 

(c) purification of water □ (d) all of these □ 

The Hquefied metal expanding on sohdification is: 

[A.LI.M.S. 2004 ] 

(a) A 1 □ (b) Ga □ 

(c) Zn □ (d) Cu □ 


[Hint : Ga is a soft silvery white metal and is liquid at room 
temperature. When it solidifies, it expands by 3.1 per cent. 


Therefore, it should not be stored in glass or metal 
containers.] 

38. Which one of the following is a correct statement? 

[RM.T. (M.R) 1993 ] 

(a) The hydroxide of aluminium is more acidic than that of 

boron □ 

(b) The hydroxide of boron is basic while that of aluminium 

is amphoteric □ 

(c) The hydroxide of boron is acidic while that of aluminium 

is amphoteric □ 

(d) The hydroxides of both boron and aluminium are 

amphoteric □ 

39. B(0H)3 +NaOH^^Na[B(OH)4] 

How can this reaction be made to proceed in forward 
direction? [LI.T. 2006 ] 

(a) Addition of d5-l,2-diol □ 

(b) Addition of borax □ 

(c) Addition of fran^y-l, 2 -diol □ 

(d) Addition of Na2HP04 □ 

[Hint ; Na[B(OH)4] is removed from the equilibrium due to the 

formation of chelate compound with c/5-l,2-diol and the 
reaction moves in the forward direction. 


CH2—OH 
21 

CH2—OH 


+ 


X 

Q 

6 

- r 

HO^ DHj 

_1 

t 


H2C—O O—CH 

X ' 

H2C—O^ ^O—CH 


2 

2 


+ 4H2O] 


40 . Colemanite is a mineral of: 

(a) Ca □ (b) B □ 

(c) A 1 □ (d) Mg □ 

41 . The correct order of atomic radii of group 13 elements is : 

(a) B < A 1 Ga > In □ (b) B < A 1 < Ga < In □ 

(c) B < A 1 < Ga ~ In □ (d) B < Ga < A 1 In □ 

42 . When strongly heated, orthoboric acid leaves a residue of: 

(a) metaboric acid □ (b)' tetraboric acid □ 

(c) boric anhydride □ (d) boron □ 

43 . Boric acid is prepared from borax by the action of: 

(a) hydrochloric acid □ (b) sodium hydroxide □ 

(c) carbon dioxide □ (d) sodium carbonate □ 


44 . When a solution of sodium hydroxide is added in excess to 


the solution of potash alum, we obtain: 

(a) a white precipitate □ 

(b) bluish white precipitate □ 

(c) a clear solution □ 

(d) a crystalline mass □ 

45 . Borax bead test is responded by: 

(a) divalent metals □ (b) heavy metals □ 

(c) light metals □ 

(d) metals which form coloured metaborates □ 

46 . When A 1 is added to potassium hydroxide solution: 

(a) no reaction takes place □ 

(b) oxygen is evolved □ 

(c) water is produced □ 

(d) hydrogen is evolved □ 

47 . Borazole, B3N3H6 is related to benzene as : 

(a) isoelectronic □ (b) isostructural □ 

(c) both (a) and (c) □ (d) none of these □ 
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48 . When excess of NaOH solution is added in potash alum, the 
product is : 

(a) A bluish precipitate □ (b) Clear solution □ 

(c) A white precipitate □ (d) A greenish precipitate □ 

[Hint : Alum consists Al2(S04)3 which reacts with NaOH. 
Al2(S04)3 + 6NaOH-> 2A1(0H)3 + 3Na2S04 

A1(0H)3 + NaOH—^ NaA102 + 2 H 2 O 
Soluble 

The other sulphates K2SO4 and Na2S04 are also soluble in 


water. Thus, a clear solution is obtained.] 

49 . Three centred bond is present in: 

(a) NH 3 O (b) B2H6 □ 

(c) Ba3 □ (d) AICI3 □ 

50 . In diborane: 

(a) 4 bridged hydrogens and two terminal hydrogens are 

present □ 

(b) 2 bridged hydrogens and four terminal hydrogens are 

present □ 

(c) 3 bridged hydrogens and three terminal hydrogens are 

present □ 

(d) none of the above □ 

51 . Aluminium vessels should not be w^hed with materials 
containing washing soda since: 

(a) washing soda reacts with aluminium to form soluble 

aluminate D 

(b) washing soda is expensive □ 

(c) washing soda is easily decomposed □ 

(d) washing soda reacts with aluminium to form insoluble 

aluminium oxide □ 

52 . Aluminium is more reactive than iron. But aluminium is less 
easily corroded than iron because: 

(a) oxygen forms a protective oxide layer on aluminium □ 

(b) aluminium is a noble metal □ 

(c) iron undergoes reaction easily with water □ 

(d) iron forms mono and divalent ions □ 

53 . Alumina is: 

(a) a bad conductor of electricity □ 

(b) a good conductor of electricity . □ 

(g) a dehydrating agent □ 

(d) soluble in water □ 

54 . ..takes place in presence of anhydrous aluminium 

chloride. 

(a) Friedel-Crafts reaction □ 

(b) Cannizzaro reaction O 

. (c)^Kolbe’s reaction □ 

(d) Hofmann’s reaction □ 

55 . Alumina is not used as: 

(a) refractory niaterial □ 

(b) a medium in chromatography □ 

(c) abrasive □ 

(d) a ,white pigment □ 

56 . The blue coloured mineral ‘Lapis Lazuli’ which is used as a 
semi-precious stone is a mineral of the following class: 

(a) sodium alumino silicate □ 

(b) zinc cobaltate □ 


(c) b^ic copper carbonate □ 

(d) Prussian blue □ 

57 . Which of the following is most acidic? 

(a) NaaO □ (b) MgO □ 

(c) AI2O3 □ (d) aO □ 

58 . AI2O3 formation from aluminium and oxygen involves 
evolution of a large quantity of heat, which makes aluminium 
use in: 

(a) deoxidiser □ (b) confectionary □ 

(c) indoor photography □ (d) thermite welding □ 

59 . Anhydrous aluminium chloride is obtained when: 

(a) aluminium oxide reacts with HGl □ 

(b) aluminium reacts with HCl □ 

(c) aluminium is heated in a current of dry chlorine □ 

(d) aluminium hydroxide reacts with HCl □ 

60 . Alum is used by dyers of cloth: 

(a) for fire proofing fabrics □ 

(b) as first aid for cuts □ 

(c) for softening hard water □ 

(d) as mordant □ 


61 . Aluminium chloride exists as a dimer because aluminium has: 

(a) greater IP. □ (b) incomplete p-orbital □ 

(c) larger radius □ (d) high nuclear charge □ 

62 . Which of the following metals burns in air at high temperature 


with the evolution of much heat? 

(a) Cu □ (b) Hg □ 

(c) Pb □ (d) A 1 - □ 

63 . BCI3 does not exist as a dimer but BH3 exists as B2H6 
because: 

(a) CI2 is more electronegative than hydrogen □ 

(b) large size of chlorine atom does not fit between small 

sized boron atoms, while small sized hydrogen atoms 
occupy the space between boron atoms □ 

(c) there is pm.-d% back bonding in BCI3 □ 

(d) both (b) and (c) □ 

64 . Boron carbide, B4C, is widely used for: 

(a) making acetylene □ 

(b) making plaster of Paris □ 

(c) as a hardest substance after diamond □ 

(d) making boric acid □ 

65 . Thermite is a mixture of: 


(a) 3 parts of powdered aluminium and 1 part of ferric oxide 

□ 

(b) 1 part of powdered aluminium and 3 parts of ferric oxide 

□ 

(c) 1 part of powdered aluminium and 1 part of ferric oxide 

□ 

(d) 2 parts of powdered aluminium and 3 parts of ferric oxide 

n 

66. The most covalent aluminium halide is: 

(a) AIF3 □ (b) AIQb □ 

(c) AlBrs . □ (d) AII3 □ 

67 . In the purification of bauxite by Baeyer’s process, the 
chemical used is: 

(a) Na2C03 □ 
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68 . 

69 . 

70 . 

71 . 

72 . 

73 . 

74 . 

75 . 

76 . 

77 . 

78 . 

79 . 


(b) cryolite □ 

(c) NaOH □ 

(d) a mixture of NaOH and Na2C03 □ 

When aluminium is heated with cone. H2SO4: 

(a) aluminium becomes passive □ 

(b) hydrogen is liberated □ 

(c) oxygen is liberated □ 

(d) sulphur dioxide is liberated □ 

When aluminium hydroxide dissolves in NaOH solution, the 
product is : 

(a) [A1(H20)3(0H)3] □ (b) [A1(H20)4(0H)2]^ □ 

(c) [Al(H20)2(0H)4r □ (d) [A1(H20)5(0H)]^^ □ 

WWch one of the following statements regarding BF3 is not 
correct? 

(a) It is a Lewis acid . □ 

(b) It is an ionic compound □ 

(c) It is an electron deficient compound □ 

(d) It fomis adducts □ 

Which one is not a borane? 

(a) B5H9 □ (b) B5H10 □ 

(C) B5H1J □ (d) B5H10 □ 

[Hint : General formulae of boranes are B„H„+4 and 
In which of the following elements +1 oxidation state is more 
stable than + 3 ? 

(a) B □ (b) A 1 □ 

(c) Ga □ (d) T 1 □ 

Boron nitride is isoelectronic with: 

(a) C2 □ (b) B2 □ 

(c)N 2 □ (d)02 □ 

The number of OH units directly linked to boron atoms in 
Na2B4O7l0H2Ois: 

(a) 2 □ (b) 3 □ 

(c) 4 □ (d) 10 □ 

From B2H6, all the following can be prepared except: 

(a) B2O3 □ (b) H3BO3 □ 

(c) B2(CH3)6 □ (d).NaBH4 □ 

The halides of group IIIA elements behave as Lewis acids. 
The acceptor ability is maximum for the halides of: 

(a) T 1 □ (b) Ga □ 

(c) A 1 □ (d)B □. 


The power of halides of boron to act as Lewis acids 
decreases in the order: [C.B.S.E. (P.M.T.) Prel 20101 


(a) BF3 > BCI3 > BBr3 □ (b) BBrs > BCI3 > BF3 □ 

(c) Bei3>BF3>BBr3 □ (d) BCl3 >BBr3> BF3 □ 

Silicon shows similarities with: 

(a) aluminium □ (b) beryllium □ 

(c) boron □ (d) magnesium □ 

Which of the following is a false statement? 

(a) BH3 is not a stable compound □ 

. (b) Boron hydrides are formed when dil. HCl reacts with 

/ (c) All the B—bond distances in B2H5 are equal □ 
tcD^Th^oron hydrides are readily hydrolysed □ 


80 . 

81 . 

82 . 

83 . 

84 . 

85 . 

86 . 

87 . 

88 . 

89 . 

90 . 


In B2H^ : 

(a) there is direct boron-boron bond □ 

(b) the boron atoms are linked through hydrogen bridges 

□ 

(c) the structure is similar to €2^6 

(d) all the atoms are in one plane □ 

The colour of ferric metaborate is: 

(a) yellow □ (b) blue □ 

(c) green □ (d) grey □ 

Thermite is a mixture of iron oxide and: 

(a) Al powder □ (b) Zn powder □ 

(c) K metal □ (d) Na metal ^ ^ □ 

Inorganic graphite is: 

(a) B3N3H5 □ (b) B2H6 □ 

(c) BN □ (d) BF3 □ 

Which is used in high temperature thermometry? 

(a) Na □ (b) Ti □ 

(c) Ga □ . (d) Hg □. 

LiAlH4 is obtained by reacting an excess of...... with an 

ethereal solution of AICI3. 

(a) LiH ' □ (b) O □ 

(c) LiCl □ (d) LiOH □ 

Boron compounds behave as Lewis acids because of their: 

(a) acidic nature □ 

(b) covalent nature □ 

(c) ionisation property □ 

(d) electron deficient nature □ 

Aluminium (III) chloride forms a dimer because aluminium: 

(a) cannot form a trimer □ 

(b) has high ionisation energy □ 

(c) belongs to third group □ 

(d) can have, higher coordination number □ 

Which one of the following statements about H3BO3 is not 
correct? 

(a) It is a strong tribasic acid □, 

(b) It is prepared by acidifying an aqueous solution of borax 

. □ 

(c) It has a layer structure in which planar BO3 units are 

joined by hydrogen bonds □ 

(d) It does not act as proton donor as it acts as a Lewis acid 

by accepting hydroxyl ions □ 

Which of the following is not a Lewis acid? 

(a) SiF4 □ (b)Fea3 □ 

(c)BF 3 □ (d)C2H4 □ 

Identify the statement that is not correct as far as structure 
of diborane is concerned: 

(a) There are two bridging hydrogen atoms in diborane □ 

(b) Each boron atom forms four bonds in diborane □ 

(c) The hydrogen atoms are not in the same plane in 

diborane □ 

(d) All B—bonds in diborane are similar □ 


Which of the following processes does not involve a 
catalyst? 

(a) Thermite process □ (b) Ostwald’s process □ 

(c) Contact process □ (d) Haber process □ 


( 
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92 . AICI3 on hydrolysis gives: 

(a) A12Q3-H20 □ (b) Al(OH)3 

(c) AI2O3 □ (d) A1C13-6H20 

93 . Thallium shows different oxidation states because: 

(a) of its high reactivity 

(b) of inert pair of electrons 

(c) of its amphoteric nature 

(d) it is a transition metal 


□ 
□ 

□ 
□ 
□ 
□ 

94 , In the commercial electrochemical process for aluminium 
extraction, the electrolyte used is: 

(a) A1(0H)3 in NaOH solution □ 

(b) an aqueous solution of Al2(S04)3 □ 

(c) a molten mixture of AI2O3 and Na3AIF6 □ 

(d) a molten mixture of AIO(OH) and Al(OH)3 □ 

95 . Electrolytic reduction of alumina to aluminium by Hall- 

Heroult process is carried out: [I.I.T. (S) 2000 ] 

(a) in presence of NaCl □ 

(b) in presence of fluorite' □ 

(c) in the presence of cryolite which forms a melt with lower 

melting temperature □ 

(d) in the presence of cryolite which forms a melt with the 

higher melting temperature □ 

%. Aluminium oxide is not reduced by chemical reactions 
since; [K.C.E.T. 2002 ] 

(a) aluminium oxide is highly stable □ 

(b) aluminium oxide is stable ' □ 

(c) reducing agent contaminates □ 

(d) the process pollutes the environment □ 

97 . Corundum is an ore of: [P.E.T. (Kerala) 2002 ] 

(a) copper □(b) boron □ 

(c) aluminium □ (d) sodium □ 

(e) iron □ 

98 . A layer of coke is spread over bauxite during extraction of 

aluminium. This acts as a/an: [P.M.T. (Manipal) 2002 ] 

(a) flux □ 

(b) slag to remove impurities □ 

(c) reducing agent □ 

(d) insulation and does not allow heat to escape □ 

99 . Alum helps in purifying water by: [A.I.E.E.E. 2002 ] 

(a) forming Si complex with clay particles D 

(b) sulphate part which combines with the dirt and 

removes it □ 

(c) aluminium which coagulates the mud particles □ 

(d) making the mud, water soluble . □ 

1 (X). BF3 is used as catalyst in several industrial processes due 

toks: [C.E.E. (Kerala) 2002 ] 

(a) strong reducing nature □ 

(b) weak reducing action □ 

(c) strong Lewis acid nature . - □ 

(d) ^ weak Lewis, acid character □ 

101 . Boric acid is. a very weak acid but in presence of certain 

organic compounds, it acts as a strong acid. Which, one of 
the following organic compounds can affect such change? 

[S.C.R.A. 2001 ] 


(a) Glycerol □ (b) Acetic acid □ 

(c) Ethyl alcohol □ (d) Ethylene □ 

102 . Specify the coordination geometry around and hybridiza¬ 
tion of N and B atoms in 1 : 1 complex of BF3 and NH3 : 

[LIX(S) 2002 ] 

(a) N : tetrahedral, sp^ ;B : tetrahedral, sp'^, □ 

(b) N : pyramidal, sp^ ;B : pyramidal, sp^ □ 

(c) N : pyramidal, sp^ ;B : planar, sp^ □ 

(d) N : pyramidal, sp^ : tetrahedral, sp^ □ 

103 . H 3 B 03 is! [I.I.T. (S) 2003 ] 

(a) monobasic and weak Lewis acid □ 

(b) monobasic and weak Bronsted acid □ 

(c) monobasic acid and strong Lewis acid □ 

(d) tribasic acid and weak Bronsted acid , □ 

104 . Which of the following compounds is known as inorganic 

benzene? 1 P.M.E.T. 2003 ] 

(a) □ (b) C5H5B □ 

(C) C3N3H3 □(d) B3N3H6 □ 

105 . Which one of the following is the correct statement? 

[AJ.E.E.E. 2008 ] 

(a) B2H6 *2NH3 is known as ‘inorganic benzene’ □ 

(b) Boric acid is a protonic acid □ 

(c) Beryllium exhibits coordination number of six □ 

(d) Chlorides of both beryllium and aluminium have bridged 

chloride structures in solid phase □ 

106 . The ion(s) that act/s as oxidising agent in solution is/are: 

[P.M,T. (Kerala) 2008 ] 
(a) Te"" and Al^'" □ (b) and □ 

(c) Te^''" only □ (d) only □ 

107 . H3PO3 has.nonionisable P—H bonds: 

[J.E.E, (Orissa) 2008 ] 
(a) none □ (b) 1 □ 

(c) 2 □ (d) 3 □ 

108 The chemical formula of feldspar is: [P.M.T. (Punjab) 2008 ] 

(a) KAlSi30g □ 

(b) Na3AlF6 . □ 

(c) NaA102 □ 

(d) K 2 S 04 -Al 2 (S 04 ) 34 Al( 0 H) 3 , □ 

109 . Which of the following is not correct? [C.P.M.T. 2008 ] 

(a) A 1 reacts with NaOH and liberates H2 □ 

(b) AIGI3 is a Lewis acid □ 

(c) A 1 is used in the manufacture of electrical cables □ 

(d) NaOH is used during Hall’s process of purification of 

bauxite □ 

110 . Boron halides behave as Lewis acids because of their .... 

nature: . [E.A.M.C.E.T, (Engg.) 2008 ] 

(a) proton donor □ (b) covalent □ 

(c) electron deficient □ (d) ionising □ 

111 . A mixture of boron trichloride and hydrogen is subjected 

to silent electric discharge to form ‘A’ and HCl. ‘A’ is mixed 
with NH3 and heated to 200 °C to form The formula of 
‘ 5 ’is: [E.A.M.C.E.T. (Med.) 2008 ] 
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(a) H3BO3 □ (b) B2O3 □ 

(c)B 2H6 ' □ (d)B3N3He □ 

111 The stability of +1 oxidation state increases in the 
sequence: (EMT,) 2W3 

(a) Tl<In<Ga<Al □ (b) In<Tl<Ga<Al □ 

(c) Ga<In<Al<Tl □ (d) Al<Ga<In<Tl □ 

113 . In aluminium extraction by the Baeyer’s process, alumina is 
extracted from bauxite by sodium hydroxide at high 
temperature and pressure. 

AhOsis) +20H^{a^)-> 2A10£ + H20(l) 

Solid impurities such as Fe203 and Si02 are removed and 
then A1(0H)3 is reprecipitated. 

2 Al(OH)J-^ AI2O3 ‘3H20(5) + 20 H~(u^) 

In the industrial world : IhEM. CW.B4 2IM^1 

(a) carbon dioxide is added to precipitate the alumina □ 

(b) temperature and pressure are dropped and the super 

saturated solution seeded □ 

(c) both* (a) and (b) are practised ’ □ 

(d) the water is evaporated □ 


114 . Which one of the following molecular hydrides acts as a 

Lewis acid? [CB.aE. (P.MX) 2010 ] 

(a) NH3 □ (b) H2O n 

(c) B2H6 n (d) CH4 Dl 

115 . In which of the following molecules is hydrogen bridge 

bond present? (W,B.) 2010 ] 

(a) Water □ (b) Inorganic benzene □ 

(c) Diborane □ (d) Methanol '□ 

116 . Which of the processes is used in thermite welding? 

{AMIL (Engg.| mm] 

(a) Ti02 + 4 Na-> Ti + 2Na20 ^ □ 

(b) 2 A 1 ■+• Fe203-^ AI2O3 + 2 Fe D 

(c) Sn02 + 2 C-> Sn + 2 CO □ 

(d) Cr203 + 2 A 1 -> 2 Cr + AI2O3 □ 

117 . Diborane reacts with ammonia under different conditions to 
give a variety of products. Which one among the following 
is not formed in these conditions? 

0 E.A,M.C.EX (En^diOlOl 

(a)B2%2NH3 □ (b)Bi2H,2 T3” 

(c)B 3 N 3 H 6 □ (d)(BN)„ □ 


Set n; This set contains questions with two or more correct answers. 


118 . Which of the following oxides are basic? 

(a) B20^ □ (b) TljO □ 

(c) In203 □ (d) AI2O3 □ 

119 . Stability of monovalent and trivalent cations of Ga, In, Tl 


lie in following sequence: 

(a) Ga^"'<In^''>Tl^+ □ (b) Ga^"" > In^+> rf'' □ 

(c) Tl'^ > In’" > Ga"’ □ (d) Ga^" > In'" > it □ 

120 . Which of the following elements do not form carbide? 

(a)B □ (b)Al □ 

(c)In □ (d)Ga □ 

121 . Orthoboric acid (H3BO3) and metaboric acid (HBO2) differ 
in respect of: 

(a) basicity □ (b) structure □ 

(c) melting point □ (d) oxidation □ 

122 . Select the correct statements about diborane: 

(a) B2H6 has three centred bond □ 

(b) Each boron atom lies in sp^ hybrid state □ 

(c) H|5.... B .... Hb bond angle is 122 '' □ 

(d) All hydrogens in B2H5 lie in the same plane □ 

123 . Possible oxidation states of boron family elements are: 

(a)+l □ (b)+2 □ 

(c) +3 □ (d) +4 □ 

124 . Al2(S04)3 + NH40H--^X. Xis: 


(a) a white gelatinous precipitate □ 

(b) insoluble in excess of NH4OH □ 

(c) soluble in excess of NaOH □ 

(d) amphoteric in nature □ 

125 . Which of the following metals are extracted by using Al as 
a reducing agent? 

(a) NafromNa20 □ (b) CrfromCr203 □ 

(c) W from WO3 □ (d) Mg from MgO □ 

126 . Aluminium becomes passive in: 

(a) cone. HNO3 □ (b) H2QO4 □ 

(c) Ha04 □ (d) cone. HCl □ 

127 . Which of the following statements are true for H3BO3? 

(a) It is mainly monob^ic acid and a Lewis acid □ 

(b) It does not act as a proton donor but acts as an acid by 

accepting hydroxyl ions □ 

(c) It has a layer, structure in which BO3 units are joined by 

hydrogen bonds □ 

(d) It is obtained by treating borax with cone. H2SO4 □ 

128 . In the reaction 

2 X + B2H6-> [BH 2 X 2 r[BH 4 r 

the amine(s) X is (are): fLLl. W &91 

(a)NH3 □ (b)CH3NH2 □ 

(c)(CB 3)2NH □ (d)(CH3)3N □ 


[EDmt: With (CH3)3N, forms an adduct, (CHslsN BH3] 
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Elements of Group IIIA or 13 (Boron and Aluminium) 



Objective Questions for IIT ASPIRANTS 



1. H3BO3 X Y B2O3 ; 

X and Y respectively are : 

(a) X = Metaboric acid ; Y = Tetraboric acid 

(b) X = Borax; Y = Metaboric acid 

(c) X = Tetraboric acid ; Y = Metaboric acid 

(d) X = Tetraboric acid ; Y = Borax 

lQ(fC ' 160”C 

[Hint iHsBOa HBO2 (Metaboric acid) ; 4 HBQ2 .q> 

H2B4O7 (Tetraboric acid)] 
(Y) 


[Hint : Two oxides present in bauxite as impurity are Si 02 and 
Fe203. Si belongs to 3 rd period and Fe belongs to IVth 
period/Si02 has three dimensional structure.] 

7, When an inorganic compound (X) having 3C— 2e as well as 
2e — 2e bonds reacts with ammonia gas at a certain tempera¬ 
ture, gives a compound (F), isostructural with benzene. 
Compound (X) with ammonia at a high temperature produces 
a substance (Z). 

(a) (X)isB2H6 

(b) (Z) is known as inorganic graphite 


2 . 


3. 


Which one of the following compounds does not exist ? 

(a) B2H*(CH3)2 (b)B2M3(CH3)3 

(C) B2H2(CH3)4 (d)B2H(CH3)5 

[Hint : Not more than four hydrogen atoms can be substituted by 
methyf grbiips in the molecule of B 2^6- bridge 
hydrogen atoms are not to be substituted.] 

A gas other than HCl is obtained in : 


(a) BCI3 + H2 
(c) both 


Silent electric ^ 
discharge 


(b) LiAlH4 + BF3-^ 

(d) none of these 


[Hint : 2 BCI 3 + 6 H 2 


Silent electric 
discharge 


^ B2H6 + 6 HC 1 ; 
(Gas) 


Ether 

3LiAlH4 + 4BF3 -> 2B2H5 + 3 LiF + 3AIF3] 

(Gas) 

4. AICI 3 is an electron deficient compound but AIF 3 is not. This 

is because : 

(a) atomic si 2 ^ of F is smaller than Cl which makes AIF 3 more 
covalent 

(b) AICI 3 is a covalent compound while AIF 3 is an ionic 
compound 

(c) AICI 3 exists as a dimer but AIF 3 does not 

(d) A1 in AICI 3 is in sp^ hybrid state but A1 in AIF 3 is in sp^ 
state 

5. Hydride of boron occurs as B 2 H 6 but B 2 CI 6 does not exist. 

This is because : 

(a) pn — d% back bonding is possible in B 2 H 6 but not in B 2 CI 6 

(b) boron and hydrogen have almost equal values of 
electronegativity 

(c) boron and chlorine have almost equal atomic sizes 

(d) small hydrogen atoms can easily fit in between boron 
atoms but large chlorine atoms do not 

6 * Bauxite ore is generally contaminated with impurity of oxides 

of two elements and E 2 . Which of the following state¬ 
ments is correct ? 

(a) £*[ is a non-metal and belongs to 3rd period while E 2 is a 
metal and belong to fourth period 

(b) One of the two oxides has three dim^iisional polymeric 
structure 

(c) Both (a) and (b) are correct 

(d) None of the above 


(c) (F)isB 3 N 3 H 6 

(d) (Z) is soft like graphite 

[Hint : Diborane, B2H6, is a compound consisting 3C —le and 
le—le bonds. B2H6 ,+ 2NH3 

200X 

-^ B3N3H5. (Y) has structure similar to benzene. It 

(y) 

is called inorganic benzene. B2H6 + NH3 > (BN)^. 

(Z) 

(Z) is a hard substance.] 

8 * Gallium has smaller atomic radius than aluminium b^ause 
of: 

(a) poor shielding power of d electrons of Ga atom 

(b) poor shielding power of s electrons of Ga atom 

(c) greater shielding power of s electrons of A1 atom 

(d) greater shielding power of d electrons of Ga atom 
9. Boron does not form cation easily. It is due to: 

(a) energy required to form ion is very high which will 
not be comi^nsated by lattice energies or hydration 
energies of such ion 

(b) boron is non-metal 

(c) boron is semi-metal 

(d) none of the above 

10 . Na 2 B 4 O 7 l 0 H 2 O is correctly represented as: 

(a) 2NaBO2 Na2B2O3T0H2O (b) Na2[B405(0H)4]-BHaO 
(c) Na2lB4(H20)407]‘ 6H2O (d) all of the above 
[Hint : Borax molecule is actually made of two tetrahedra and two 
triangular units join^ as shown below.] 

OH 


Naa 


11 . Orthoboric acid behaves as a weak monobasic acid giving 
HsO'" and : 

(a) [B( 0 H) 4 ]^ (b) H 2 BC^ 

(c) [B( 0 H) 4 ]- (d) H 2 BO 2 

[Hint ; B(OH )3 + 2 H 2 O-> [B(OH) 4 ]“ + H 3 O* ] 


I 

B';^o 

HO—B < >B—OH 

O—B"—O 
I 
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12. Amorphous boron is extracted from borax by following steps: 

Borax —H3BO3 B2O3 > Boron. 

(A) and (B) are : 

(a) H 2 SO 4 , A1 (b) HCl, carbon 

(c) H 2 S 04 ,Mg (d) HCl,Fe 

IHiiit : Na2B407 + H2SO4 + SHaO-> Na2S04 + 4H3BO3 ; 

2H3BO3-» B2O3 + 3H2O; 

B2O3 + 3 Mg-> 2 B + 3 MgO] 

13. Aqueous solution of borax acts as a buffer because : 

(a) it contains weak acid and its salt with strong base 

(b) it conteins tribasic acid and strong base 

(c) it contains number of neutral water molecules 

(d) none of the above 

[Hiiit : Na2B407 + 7H2O-> 2 Na [B(OH)4] + 2H3BO3] 

Salt with strong . Weak acid 
base 

14. .General formula of alununium dums is: 

(a) [M(H 20 ) 6 ][A 1 (H 20 ) 6 ][S 04]3 

(b) [M(H 20 ) 4 ][A 1 (H 20 ) 4 ][S 04]4 
(C) [M(H 20 ) 4 ][A 1 (H 20 ) 6 ][S 04]2 
(d) [M(H 20 ) 6 ] [A 1 (H 20 ) 6 ] [S 04]2 

15. The number of isomers possible for disubstituted borazine, 


B3N3H4X2is: 

(a) 3 (b) 4 (c) 6 

(d)5 

[Hint : X 

1 

X 

1 

H—X 

1 II 

^N—H 

1 II 

1 W 

H’-B^ ^B—H 

1 

1 II 

H—X 

1 

1 

H 

1 

H 

(i) 

(ii) 


X 

1 

H 

1 

H—^N—H 

1 II 

1 

Z—^N— 

1 II 

1 11 

H—B*. /B—H 

1 II 

H—/B—H 

1 

X 

1 

H 

(iii) 

(iv) ] 


Z T iH 

16. B- > F-fLiBH 4 

I Heat I 

Which of the statement is true for the above sequence of 
reactions? 

(a) Z is hydrogen (b) X is B 2 H 5 

(c) Z and Y are F 2 and B 2 H^ respectively.. ___ 

(d) Z is potassium hydroxide 

[Hint; B+f^ ->BF^ ; 

(Z) (X) 

8BF^ + 6LiH-^B2H6 + 6LiBF4] 

(y) 

17. The structure of diborane (B 2 H 6 ) contains: IA.m.EJL2i051 

(a) four 2c-2^ bonds and two 3c~~2e bonds 

(b) two 2c-2e bonds and four 3c-2e bonds 

(c) two 2c-2e bonds and two 3c-3^ bonds 

(d) four 2c-2e bonds and four 3c-2e bonds 



In each of the following questions two statements are given 
as Assertion (A) ^d Reason (R). Of the statements, mark the 
correct answer as : 

(a) If both (A) and (R) are true and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) If (A) is true but (R) is false. 

(d) If both (A) and (R) are false. 

(e) If (A) is false but (R) is true. 


1. (A) Borax bead test is not suitable for A1 (III). 

(p.) AI 2 O 3 is insoluble in water. 

2. (A) ThalUum exhibits oxidation states of 4-1 and +3. 

(R) Thallium exhibits inert pair effect. 

3. (A) Boric acid is a tribasic acid. 

(R) Boric acid contains three hydroxyl groups. 

4. (A) BF 3 is a weaker Lewis acid than BCI 3 . 

<R) BF 3 molecule is stabilized to a greater extent than BCI 3 
by B—^F 7 t"bonding. 
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5, (A) AIQ 3 forms dimerAl 2 Cl 6 but it dissolves in waterforming 
[A 1 (H 20 ) 6 ]^ and CF ions. 

(R) Aqueous solution of AICI 3 is acidic due to hydrolysis. 
6 * (A) Aluminium is used as a reducing agent in thermite 
. process. 

(R) Aluminium can reduce Na 20 to sodium. 


405 

7. (A) In water, orthoboric acid behaves as a weak monobasic 

acid. 

(R) In water, orthoboric acid acts as a proton donor. 

8 . (A) Boron always forms covalent bond. 

(R) The small size of favours formation of covalent 
bond. ilJXJWl 



1. (b) 2. (a) 3, (e) 4. (a) 5. (b) 6 . (c) 7. (c) 8 . (a) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 

Aluminium is stable in air and water inspite of the fact that it is 
reactive metal. The mason is that a thin film of its oxide is formed 
on its surface which makes it passive for further attack. The layer 
is so useful that in industry, it is purposely deposited by an 
electrolytic process called anodising. 

Reaction of aluminium with oxygen is highly exothermic and is 
called thermite reaction. 

2A1(5) + IO 2 («)-> Al203(5); AW = - 1670 kJ 

Thermite reaction finds applications in the metallurgical extraction 
of many metals from their oxides and for welding of metals. The 
drawback is that to start the reaction, high temperatuie is required 
for which an ignition mixture is used. 

1 . Anodising can be done by electrolysing dilute H 2 SO 4 with 

aluminium as anode. This results in : 

(a) the formation of Al 2 (S 04)3 on. the surface of aluminium 
anode 

(b) the formation of oxide film (AI 2 O 3 ) on the surface of 
aluminium anode 

(c) the formation of polymeric aluminium hydride film on the 
surface of aluminium anode 

(d) none of the above 

2< The reaction which is not involved in thermite process : 


(a) 

3Mn304 + 8 Al- 

—> 9Mn + 4 AI 2 O 3 

(b) 

Cr 203 + 2 A 1 - 

— > 2 Cr + Al 203 

(c) 

2Fe 4* AI 2 O 3 — 

—¥ Fe203 + 2A1 

(d) 

B 2 O 3 + 2A1 — 

—> 2B + AI 2 O 3 


3. Thermite a mixture used for welding is : 

(a) Fe and A1 (b) BaO and Mg powder 

(c) Cu and A1 (d) Fe 203 and A1 fxiwder 

4. Anodised aluminium is : 

(a) A1 obtained at anode 

(b) A1 prepared electrolytically 

(c) alloy of A1 containing 95% A1 

(d) A1 electrolytically coated with aluminium oxide 


5. 

Which .one. of the . foUowing metals caimot be. extracteii-b-y — 


using A 1 as a reducing agent ? 


(a) NafromNa20 

(b) CrfromCr203 


(c) W from WO3 

(d) Mn from Mn304 

6. 

Aluminium becomes passive in : 


(a) cone. HNO3 

(b) H2Cr04 


(c) HQO4 

(d) all of these 

THOUGHT 2 

U-,'--...-- S'. 



Ca2B60i ] + Na2C03 - 

(A) + (B) + CaC 03 


(A) + CX)2 - 

- > (B) + Na 2 C 03 


Solution 



(B) + Conc.HCl - 

- NaCl + Acid 



1 H2O 



Acid (Q . 


heated 



(D) + CUSO4 - 

Blue coloured (E) 



compound 

1. 

Compound (A) is ; 



(a) NaB02 

(b) Na2B407 


(c) NajBOs 

(d) NaOH 

2. 

Compound (B) is : 



(a) NaBOz 

(b) Na2B407 


(c) Na3B03 

(d) NaOH 

3. 

Compound (O is ; 



(a) H2B4O7 

(b) HBC^ 


(C) H3BO3 

(d) HB3O5 

4. 

Compound (D) is : 



(a) H3BO3 

(b)B 203 


(c) B 

(d) none of these 

5. 

Compound (E) is : 



(a) CU2O 

(b) CuS 


(C) CUSO3 

(d) Cu(B02)2 
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THOUGHT 3 

700® f 

(i) Boron+ O2->(X) 

(ii) (X) + C (carbon ) + Cl2 -^ (F)+ CO 

(iii) (F)+ LiAlH4 ->, (Z) + LiCl + AICI3 

(iv) (Z) + NH3-> (A)-^^ (B) 

(v) (Z) + NaH-> (D) 

1 . Compound (Z) is : 

(a) an ionic compound 

(b) an electron deficient compound 

(c) 3 C— 2 e compound 

(d) having ethane like structure 

2 , Compounds (X) and (F) are : 

(a) (X) = BO2, (F) = BCI2 (b) (X) = BO3 , (F) ^ BCI4 
(c) (X) = B2O3, (F) ^ BCI3 (d) (X) = BO3, (F) = B4C 
3* Compound (B) is : 

(a)" borazole^ . ^ -- - inorganic benzene 

(c) borazon (d) boron nitride 

4. Compound (D) is used as a/an : 

(a) oxidising agent (b) complexing agent 

(c) buffer agent (d) reducing agent 

[Hint : B 2 H 5 + 2NaH- > 2 NaBH 4 (sodium borohydride). It is 

used as a reducing agent.] 

5 . Compound F: 

(a) has boron in sp^ hybridized state 

(b) is a planar molecule 




Thought 1 

1. (b) 

2 .(c) 

3 . (d) 

4 .(d) 

5 . (a) 

Thought 2 

l.(a) 

2 .(b) 

3 .(c) 

4 .(b) 

5 . (d) 

Thought 3 

1 . (b, c) 

2 . (c) 

3 . (a, b) ^ 

4 .(d) 

5 . (a,b, c) 

Thought 4 

1 . (c) 

2 . (b. d) 

3 .(d) 

4 (a) 

5 .(c) 
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(c) has zero dipole moment 

(d) is a Lewis base 

2 

[Hint : BCI3— B in sp state, triangular planar structure and zero 
dipole moment being symmetrical molecule. It is a Lewis 
acid.] 

THOUGHT 4 

Boron forms a number of hydrides having the general formulae 
BnMn+4 These hydrides are called boranes.The 

simplest hydride of boron is diborane, B 2 H 6 . Boranes contain 
special types of bonds known as multicentre bonds. Boranes have 
high heat of combustion. 

1. The type of hybridization of boron in diborane is : 

(a) sp (b) sp^ (c) $p^ "^(d) dsp^ 

2. Three centre two electron bond is pre^nt in : 

(a) BF 3 (b) B 4 Hio (c) H 3 BO 3 (d) 

3. Which of the following is electron deficient compound? 

(a)C 2 H 6 mSilk 

(c) PH 3 (d) B 4 H 10 

4. Wliich hydride does not exist? 

(a) BH3 (b) H 2 F 2 

(c)SbH3 (d)N 2 H 4 

5. From BaH^, all the following can be prepared except: 

(a) H 3 BO 3 (b) B 2 (CH 3 ) 4 H 2 

(c) B 2 (CH 3)6 (d) NaBH 4 

6. InBaH^: 

(a) there is direct boron-boron bond 

(b) the boron atoms are linked through hydrogen bridges 

(c) all the B—H bond distances are equal 

(d) all the atoms are in one plane 


6 .(d) 


6 - (b) 



1, What are special features of structure of boron? 

[Hint : It is a symmetrical solid with icosahedral shape. There are 
20 faces (equilateral triangle). The faces m^t at 12 comers. 
Each icosahedron consist of 12 boron atoms; six of them 
are bonded to another icosahedron by two centre bond 
( 1,71 A); each of other six is bonded by a three centra bond 
( 2.02 A) in separated icosahedra.] 

2, Which alloy of aluminium is used in air-craft industry? 

[Ans. Duralumin] 

3, Aluminium vessels should not be cleaned by washing soda, 

explain why? 

[Ans, Na2C03 undergo hydrolysis to give NaOH. Sodium 
hydroxide react with aluminium vessels. 

2 A 1 + 2 NaOH + 2H2O-> 2 NaA 102 + 3H2] 


4. Can we prepare anhydrous A 1 C 13 by heating AlCl 3 * 6 H 20 ? 
[Ans. When AICI 3*31120 is heated, hydrolysis takes place. 

2 A 1 C 13 * 6 H 20 -> 2 A 1 ( 0 H )3 + bHQ 

2A1(0H)3->Al 203 + 3H20] 

5. When finely powdered aluminium is suddenly exposed to air, 
it catches fire, explain why? 

[Ans. Aluminium powder undergo exothennic oxidation, there¬ 
fore, it catches fire and becomes hazardous, 

2A1+|o 2-> AI2O3; AH = -ve(- 310 kJ/mol)] 

6 . Boric acid is weak, it cannot be titrated directly with NaOH. 
Give the precautions taken in the titration of boric acid with 
caustic soda. 
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[Ans, When catechol is added to boric acid, stable compound 
(strong acid) is formed, which can be titrated with caustic 
soda using methyl orange indicator.] 

7. What do you understand by? 

(a) Ammonal (b) Bentonite 

(c) Rubies and Sapphire (d) Lapis Lazuli 

[Hint ; 

(a) Ammonal : It is mixture of (A 1 + NH4NO3}, used in bombs. 

(b) Bentonite : Alumina-silica clay called ^bentonite' is dropped 
from aeroplanes in the slury form for spreading water over fires. 

(c) Rubies and sapphire are chemically AI2O3. These are gems. 

(d) Lapis Lazuli is sodium alumino silicate, which is used as 
semiprecious stone.] 

8 . Give the name and structural formula of a boron compound 
which is optically active. 

[Ans. Boro salicylic acid is optically active.] 

[Hint : 


9. What is the chemical composition of Emery Paper? 

[Ans. Impure form of corundum (A1203) containing impurity of 
Fe203 and silica is called Emery and it is used in the 
manufacture of emery paper or sand paper. This paper is 
used to polish metals.] 

10. Discuss the structure of tricalcium aluminate, which is 

important constituent of portland cement. 

[Hint : General formula = Ca9[Al60i8]. It contains twelve 
membered rings of Si—O —Si— O bonds made by joining 
six Ai04 tetrahedra.] 

11. Complete the following reactions: 

+ OHCl 

(i) BCl3+(C2H5)4NCr -4? 

(ii) NH4Cl + Na2B407 ) ? 

(iii) BCI3 + NH4CI > ? 

C5H5CI 



Boro salicylic acid 
(Optically active) 


[Aiis.-(i) BCl3 + (C2H5)4NGr [(C2H5)4N]BCl4- 

(ii) NH4CI + Na2B407 2 BN + B2O3 + 2 NaCl + 2H2O 

(iii) 3Eici3 + 3NH4CI eg, > B3N3H3CI3 

— > B3N3H6 (Borazihe) ] 



The answer to each of the following questions is a single 
digit integer, ranging from 0 to 9. 

1. How many orbitals of boron are involve in hybridisation in 
diborane? 

2. How many moles of methane are obtained by hydrolysis of 
one mole of aluminium carbide? 

3. Colemanite is an important mineral of boron. It is represented 
Ca2B^0n’6H20. What is the value of ;c? 




3 

1. ( 4 ) Each boron atom in B2H5 is in sp -hybridised state. Thus, four 

orbitals are involved in hybridisation. 

2 . (3) AI4C3+I2H2O - ^ 4 A 1 ( 0 H )3 + 3 CH 4 

1 mole 3 moles 

3 . (6) Ca 2 B 60 H' 5 H 20 

4. (2) Borax has two tetrahedral and two triangular units joined 

together. 


4. Borax is represented as Na 2 [B 405 ( 0 H) 4 ]' 8 H 20 . How many 
tetrahedral boron atoms are present in the structure of borax? 

5. How many isomers of disubstituted borazine are possible? 

6 . How much nitrogen is evolved when one gram of ammonium 
chloride is heated with borax strongly? 

7. The mass of carbon anode consumed (giving only CO 2 ) in 
the production of 27 kg of aluminium metal from bauxite by 
electrolytic method is: 


5 . ( 4 ) Four isomers are possible, 

[See Q. No. 15 on page 404 ] 

6. ( 0 ) No nitrogen is evolved in this leaction. 

2NH4CI + Na2B4O7T0H2O-> 2 NaCl + 2 BN + B2O3 

+ I4H2O 

7 . ( 9 ) 2AI2O3 + 3 C -> 4 A 1 +3CO2 

3x12 4x27 
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Elements of Group IVA or 14 

(Elements of Carbon Family, ns^ n^) 
POSITION IN PERIODIC TABLE 

Group IVA or 14 of long fonu of periodic table consists of six elements^—carbon 
(C), ^aiGOri (Si), germanium (Ge), tin (Sn), lead (Pb) and ununquadium"^. These^ 
six elements constitute a family known as carbon family. These are p-block 
elements as the last differentiating electron is accommodated in np shell. These 
elements have four electrons in their valency shell and thus placed in the IVth 
group. The elements of this group show similarities as well as gradation in 
properties with rise of atomic number and thus their inclusion in the same group 
is justified on the basis of electronic configuration and physical and chemical 
properties which are described below : 


Group 

MA 

WA 

VA 


13 

14 

15 


B 

C 

N 

2 

( 5 ) 

( 6 ) 

( 7 ) 


Al 

Si 

P 

3 

( 13 ) 

( 14 ) 

( 15 ) 


Ga 

Ge 

As 

4 

( 31 ) 

( 32 ) 

( 33 ) 


In 

Sn 

Sb 

5 

( 49 ) 

( 50 ) 

( 51 ) 


T 1 

Pb 

Bi 

6 

( 81 ) 

( 82 ) 

. ( 83 ) 

7 

Out 

Uuq 

Uup 

/ 

( 113 ) 

( 114 ) 

( 115 ) 


The electronic configuration of the members of this group are: 



At No. 

Electronic configuration 

Inert gas core 



2, 4 2s^ Ip^ 

[He] 2s^ 2/ 



2, 8, 4 ls^ 2 / Ip^, 3 / 3p^ 

[Ne] 3/ 3p^ 

Germanium 

32 

2, 8, 18, 4 1 /, 7 / 2p^, 3s^ 3 / 3d*° 4s^ 4/ 

[At] 3d‘° 4s^ 4p'^ 

Tin 

50 

2, 8, 18, 18, 4 l5^ 2? 2p^, 3s^ 3p® 3rf“, 4s'^ 4p* 4d‘°, 

[Kr] 4e/‘° 5s^ 5p^ 

Lead 

82 

2, 8, 18, 32, 18, 4 2s^ 2p^, 3s^ 3p^ 3d“, 4s^ 4/ 4d‘° 4/ 5s^ s/ 6s^ 6p^ 

[Xe] 4/\ 6s^ 6p^ 

Ununquadium 

114 

2, 8, 18, 32. 32, 18, 4 Is^. 2s^ 2/, 3i^ 3p^ 3d‘°. 45^ 4/ 4d‘° 4/ 5s^ 5p* 5d‘° 5/ 

[Rn] 5/'^ 7s^ 7p^ 



6s^ 6/ 6rf‘° 7s^ 7p^ 



^Recently a new element of tte group with atomic number 114 (lUPAC name Lmxmquadium) has been discovered. 
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The configurations show that these elements have same 
number of electrons in the valency shell, le., 4 electrons in the 
valency shell, two of which are in ^-orbital while remaining 
two in p“Orbitals. Thus, they have ns^ np^ configuration, Le,, 
^-orbital is paired while two p-orbitals are unpaired. 

ns np 


The penultimate shell of carbon contains 2 electrons 
(saturated), of silicon contains 8 electrons (saturated), of 
germanium contmns 18 electrons (saturated) while Sn and Pb 
contain 18 electrons (unsaturated) each. This shows why 
carbon differs from silicon in some respects and these two 
differ from rest of the members of this group. The close re¬ 
semblance between the elements is quite striking in the case of 
elements of the first and second groups, but this becomes less 
evident in the elements of third group and st|lj. less evident in 
the fourth group. It shall be clear from the following discussion. 

2. Occurrence of the eleicenis : Carbon is extremely 
wide spread in nature. It is an essential constituent of all living 
matter as proteins, carbohydrates and fats. Carbon is the 
seventeenth and silicon the second most abundant element by 
mass in the earth’s crust Carbon is found both in native and 
combined states. Silicon occurs very widely as silica and a wide 
variety of silicate minerals and clays. Germanium is only found 
in traces in some silver and zinc ores, and in some types of coal. 
No doubt that the abundance of tin and lead is comparatively 
low, but they occur as concentrated ores. Tin is mined as 
cassiterite, Sn02 and lead is found as galena ore, PbS. In the 
fusion reactions occurring on stars and sun, carbon acts as 
catalyst. The energy released in the process is called stellar energy. 

The last member, ununquadium (114) is recently discovered 
element. It is synthetic, radioactive and unstable element. Not 
much is known about its properties. 

3. Non-metallic and metallic character : The change 
from non-metallic to metallic character with the increase of 
atomic number is best illustrated by this group. Carbon, the 
first element, is a non-metal, silicon, the second element has 
most of the properties of a non-metal but its electrical properties 
and some of the physical properties are those of a 
semi-metal (metalloid). Germanium is a metalloid (properties 
are mixed, Le,, of a metal and a non-metal) while last two 
members Sn and Pb are distinctly metals. 

C Si Ge Sn Pb 

Non-metafs Metalloid Metals 

The change from non-metallic to metallic character is due ' 
to less effective nuclear charge and increased number of 
available orbitals with increase in the size of the atom. 

4. Atomic radii and atomic volume: Atomic radii 
and atomic volume increase gradually on moving down the 
group. The size increases due to the effect of extra shell being 
added from member to member. 



c 

Si Ge 

Sn 

Pb 

Atomic radius (pm) 

77 

118 122 

140 

146 

At. volume (mL) 

3.4 

11.4 13.6 

16.3 

18.27 

It is observed that there is large increase in 

atomic 

radius 


from carbon to silicon but from silicon onwards, the increase 
is comparatively small from member to member. This is due 
to the fact that shielding effect of s^p^ electrons of the 
penultimate shell in silicon is large while the shielding effect of 
electrons in Ge and Sn and electrons in Pb is less. 

In the same period, the atomic radii of group 14 elements 
are smaller than the corresponding elements of group 13. This 
is due to fact that effective nuclear charge increases when we 
move from group 13 to group 14, This brings contraction in 
size. 

C < B ; Si < Al ; Ge < Ga 
(77 pm) (85 pm) (118 pm) (143 pm) (122 pm) (135 pm) 

5. Ionisation potential : The ionisation potentials 
d^rease gradually from carbon to lead but not systematically 
as in groups I and II. The value of lead is slightly higher than 
expected, due to lanthanide contraction. 




c 

Si 

Ge 

Sn 

Pb 

Ionisation 

A,//, 

1086 

786 

761 

708 

715 

enthalpy 

A,Ha 

2352 

1577 

1537 

1411 

1450 

(kJ raol"^) 

A;H3 

4620 

3228 

3300 

2942 

3081 


A,H4 

6220 

4354 

4409 

3929 

4082 


Large decrease in ionisation potential from C to Si is due to 
increase in size of the atom. Decrease in ionisation potential 
from silicon onwards is comparatively smaller due to less 

screening effect of electrons in Ge and Sn and due to 
^10^14 in Pb. 

The slight increase in the ionisation energy from Sn to Pb 
is due to lanthanide contraction and increase of 32 units of 
nuclear charge in Pb over Sn, Le. valency electrons are more 
tightly held in Pb. 

The first ionisation energies of group 14 are higher than the 
corresponding elements of group 13 in the same period. 

C > B ; Si > Al 

(1086 kJ morb (8(X) kJ moC) (786 kJ nmC) (577 kJ mor‘) 

The increase is due to decrease in size and increase in charge 
on nucleus of group 14 elements in the same period. 

6. Melting and boiling points : Carbon has an extre¬ 
mely high melting point (4100°C). Silicon melts appreciably lower 
than carbon but the values of silicon and germanium are still 
high. (Si = 1420°C; Ge = 945^C), They have the very stable dia¬ 
mond like structure in which smaller atoms are closely packed. 
Tin and lead are metallic and have much lower melting points (Sn 
= 232'"C; Pb = 327'"C) because the M—M bonds are weaker. 
They do not use all the four outer electrons for metallic bonding. 

The boiling point of carbon is exceedingly high. It decreases 
in silicon and then increases in germanium. However, the boiling 
point decreases from germanium to lead. 
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7. Electronegativity : The electronegativity values do 
not decrease in a regular manner. Carbon is the most 
electronegative element while Si, Ge, Sn and Pb possess nearly 
the same values. This is due to filling of <i-orbitals in Sn and 
Ge and also /-orbitals in lead. 


C Si Ge Sn Pb 
Electronegativity 2.5 1.8 1.8 1.8 1.9 


8. Allotropy : Except lead, all other elements of this 
group show allotropy. For example, carbon exists as diamond, 
graphite, coal, charcoal and lampblack; silicon exists in two 
forms, crystalline and amorphous; germanium exists ; in 
two crystalline forms and tin exists in three foms; grey tin, 
white tin and rhombic tin. 

9. Valency : All these elements show a covalency of 4. 
The tetravalency is explained on the basis of the shifting of one 
of the paired ns electrons to the vacant np orbital in the same 
shell. 


Ground state 
Excited state 


S] 

sp^ hybridization 


np 


t 

t' 



■t 

t 



'1 

These four half filled orbitals mix together to give four sp 
hybrid orbitals resulting in a tetrahedral structure and each 
having one unpaired electron. 

When ns electrons of outermost shell do not participate in 
bonding it is called inert pair and the effect is called inert pair 
effect. The last three elements have a tendency to form 
ions as well as ions. Since, the inert pair effect increases 
from Ge to Pb, the stability of ions decreases and that 
of M ions increases. Thus, the stability of these ions follows 
the following order: 


Ge^'^ < Sn^'' < Pb^'' 


The compounds of Ge^''' are unstable while compounds of 
Ge'^''^ are stable. Thus,the compounds of Ge^'*’ get oxidised into 
Ge'^''’ easily and act as reducing agents. 


Ge2+ Ge^^ 

Less stable More stable 

(Reducing agent) 

The compounds of Sn^"*” are less stable than Sn'^"''. Thus, 
Sn^'*' compounds also act as reducing agents. In the case of 
lead, Pb^'*' compounds are more stable than Pb'^"'' compounds. 
The Pb^ compounds, thus, act as oxidising agents. 

Pb"^ + 2e—^ Pb^"" 

Less stable More stable 

(Oxidising agent) 

Since ions are smaller than ions, in general, M^'^' 
compounds behave as covalent due to high polarisation 
(small size and high charge) and compounds are ionic. 


10. Multiple bonding : Carbon, the first member of group 
14, possesses a pronounced ability to form stable pn-pn multiple 
bonds (double and triple bonds) with itself and with other first 
row elements such as nitrogen and oxygen. The compounds 

containing ^C=C<^, —C=C——C=N, ^C=0, and 

^C=S bonds are common. Graphite, an allotropic form of 
carbon, is also an example of pK~pK bonding. Silicon and other 
elements of this group show their reluctance in forming 
pn-pK multiple bonding due to their large atomic sizes. However,, 
silicon and other elements of this group have vacant fi?-orbitals 
in their valence shell. These elements can fonri dn-pK double 
bonds with nitrogen and oxygen. This bond is formed by the 
donation of an electron pair from filled 2p-orbitals of N or O 
to the vacant 3<i-orbitals of silicon or other elements of group 
14. The existence of dn-pn bonding explains the structures of 
trimethylamine, (CH 3 ) 3 N, and trisilylamine N(SiH 3)3 and their 
basic hatiife." ". - —- ^ ^ 

In trimethylamine, the N atom undergoes sp -hybridisation 
giving tetrahedral configuration. The geometry of the ipolecule 
is pyramidal as one of the tetrahedral positions is occupied by 
a lone pair, pn-dn bonding cannot occur in this molecule as 
carbon does not have ^/-orbitals. This lone pair, N(CH 3 ) 3 , can 
be donated to Lewis acids and thus it shows a basic nature. In 
trisilylamine, sp -hybridisation occurs giving trigonal planar 
geometry to the molecule. The lone pair of electrons is present 
in unhybiidised /^-orbital. This overlaps with empty <i-orbital of 
any one of the silicon atoms forming pn-dn back bonding. Due 
to non-availability of lone pair, this molecule does not show 
basic nature. 

11. Catenation : The linking of identical atoms with 
each other to form long chains is called catenation. All the 
elements of this group have the property of catenation. However, 
this property decreases from carbon to lead. Thus, carbon has 
the maximum property of catenation, silicon has much lesser 
tendency, germanium has still lesser tendency whereas tin and 
lead hardly show this property. The decrease of this property 
is associated with M —M bond energy which decreases from 
carbon to lead. 


C—C 83 kcal/mol 

Si—Si 54 kcal/mol 

Ge—Ge 40 kcal/mol 

Sn—Sn 37 kcal/mol 

The reason for greater tendency of carbon for catenation 
than other elements may further be explained by the fact that 
C—C bond energy is approximately of the same value as the 
energies of bonds between carbon and other elements. On the 
other hand Si—Si bond is weaker than the bonds between 
silicon and other elements. 


c—c 

83 kcal/mol 

Si— Si 

54 kcal/mol 

C—0 

86 kcal/mol 

Si—0 

88 kcal/mol 

c—a 

81 kcal/mol 

Si—C 

186 kcal/mol 
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Thus, carbon forms a number of compounds in which a 
large number of carbon atoms are linked together in the form 
of straight chains, branched chains or closed rings. The 
property of catenation is responsible for a very large number 
of compounds of carbon. 

12. Maximum covalency : Carbon has only two energy 
shells, K and Li L shell (outermost shell) has four orbitals 2s, 
2pj^, 2py aiid 2pr. These four orbitals can accommodate a 
maximum of 8 elections forming four covalent bonds. Thus, 
maximum covalency of carbon is four because it has no 
J-orbitals or vacant orbitals which can be used to accommodate 
more electrons. 

The remaining elements, however, have vacant <i-orbita]s. 
These permit the formation of coordinate bonds with other 
aton^ or ions having lone pairs of electrons. For example, SiF 4 
can combine with 2E“ ions. 

SiF4 + 2F'-—> [SiFfif- 

Thus, the maximum covalency of silicon can be 6. Similarly, 
other members can show maximum covalency of six involving 
sp^d^ hybridization. 

Since all these elements except carbon satisfy the following 
three conditions for the formation of complexes, they have the 
tendency to form complexes using d-orbitals. 

(i) small size of the atom or ion 

(ii) high charge 

(iii) availability of vacant orbitals of appropriate energy. 

13. Reactivity : The elements of this group are relatively 
less reactive but reactivity increases down the group. Lead 
often appears more unreactive than expected. This is partly 
due to surface coating of the oxide and partly due to the high 
overpotential for the reduction of H'*' to H 2 at a lead surface. 

(i) Reactivity towards air ; These elements react with 
the oxygen of the air on strong heating when their oxides are 
formed. 

C + O 2 -—> CO 2 ; Si + O 2 -> Si02 

Ge + O 2 -^ Ge02; 2Pb + O 2 -> 2PbO 

Mono-oxides CO, SiO, GeO are also known. SiO is unstable. 

(ii) Reactivity towards water: C, Si and Ge are unaffected 
by water. However, on ted heating, these elements except lead 
decompose steam. 

C-HH20 ->CO-i-H2 

Si + 2H20->Si02 + 2H2 

Sn - 1 - 2 H 2 O-> Sn02 + 2 H 2 

Lead is unaffected by water, probably, because of a protective 
oxide film. 

(iii) Reactivity towards acids : Non-oxidising acids do 
not attack carbon and silicon. Germanium is not attacked by 
dilute HCl. However, when metal is heated in a stream of HCl 
gas, germanium chloroform is formed. 

Ge + 3HC1-> GeHCls - 1 - H 2 
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Tin dissolves slowly in dilute HCl but readily in concentrated 
HQ. 

Sn + 2 HC 1 -—> SnCl2 + H2 

Lead also dissolves in dilute HCl. 

Lead dissolves in concentrated HCl forming chloroplumbous 
acid, but the reaction stops after sometime due to deposition 
of PbCl2. 

Pb + 2HC1->PbCl2 + H2 

PbCl2 + 2 HCl->H2PbCl4 

Tin dissolves in dilute H2SO4, cone. H2SO4, dil. HNO3 and 
cone. HNO3. 

Sn + H2SO4 (dO.)-> SnS04 + 

Sn + 4H2SO4 (cone.)-> Sn(S04)2 + 2SO2 + ffljO 

4 Sn + 1 OHNO3 (dil.)-> 4Sn(N03)2+NH4NO3 -i- SHaO 

Sn + 4HNO3 (cone.)-> H^SnOj + 4NO2 + H2O 

Metastannic 

. acid "— 

Lead is not affected by dil. H2SO4, Hot cone. H2SO4 
dissolves lead but the reaction becomes slower due to formation 
of insoluble PbS04. 

Pb + 2H2SO4 —^ PbS 04 + SO2 + 2H2O 

HNO3 is the best solvent for lead. 

3 Pb + 8HNO3 (dil.)-> 3 Pb(N 03)2 + 2 NO + 4H2O 

Pb + 4HNO3 (cone.)-> Pb(N03)2 + 2NO2 + 2H2O 

Organic acids dissolve lead in presence of oxygen. 

Pb + 2CH3COOH + i/2 O2-> Pb(CH3COO)2 + H2O 

(iv) Reactivity towards alkalies: Carbon is unaffected 
by alkalies. Silicon reacts slowly with cold aqueous NaOH md 
readily with hot solution giving solution of silicate. 

Si + 2 NaOH + H2O-^ Na2Si03 + 2H2 

Sn and Pb are slowly attacked by cold alkali but readily by 
hot alkali giving stannates and plumbates. Thus, Sn and Pb are 
somewhat amphoteric. 

Sn + 2 NaOH + H2O —^—> Na2Sn03 4 - 2H2 
Pb + 2 NaOH + H2O-> Na2Pb03 + 2H2 

14. Compounds: 

(i) Hydrides : All the members of this group form covalent 
hydrides directly or indirectly. The number of hydrides, their 
stability and the case of formation decreases as we move 
down from carbon to lead. However, all the members form 
hydrides of the type M H4. Besides MH4, carbon forms a large 
number of hydrides, saturated as well as unsaturated. Silicon 
forms only limited number of saturated hydrides. Germanium 
gives a still smaller number of hydrides while Sn and Pb give 
only one hydride each. 

The hydrides of MH4 type are gaseous and their thermal 
stability decreases and consequently the reducing nature 
increases from top to bottom. However, among the hydrides, 
silicon hydrides are least stable to hydrolysis. 
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Hydrides CH4 SiH^ GeH4 SnH4 PbH4 

Decomposition temp.(“C) 800 450 285 150 0 

[The hydrides of silicon (silanes) are much more reactive 
than the alkanes. The difference in behaviour is attributed to 
various factors; 

(a) Electronegativity values are: C = 2 . 5 , Si = 1.8 and 
H = 2 . 1 . Thus, the bonding electrons between C and H or Si 
and H are not equally shared and silicon is vulnerable to attack 
by nucleophilic reagents. 

r t 8 ^ 5- 

C—H Si—H 

(b) The larger size of Si is easier, to be attacked. 

(c) Si has low energy d-orbitals which may be used to form 
an intermediate compound and thus lower the activation 
energy of the process. 

SiH4 + 2 NaOH + H2O —Na2Si03 + 4H2 

SiH 4 + 3H2O-> H2Si03 + 4H2 

SiH4 + 4AgN03-> Si + 4 Ag + 4HNO3 

SiH4 + 2CI2-> Si + 4 HC 1 ] 

The low stability of GeH4, SnH4 and PbH4 is due to weak 
M— H bond. It is due to large difference in the am of M and 
hydrogen atom leading to poor overlapping and weak covalent 
bond. 

[Note ; Extremely pure silicon can be obtained by pyrolysis of 
monosilane, SiH 4 , in absence of air. The pure silicon is used as 
a semiconductor. 


SiCL 


LiAlH, 


^SiH. 


Heal in 


absence of air 


-^SifPure) ] 


(ii)HaUdes: The members of this group form tetrahalides 
of the type MX 4 except PbBr 4 and Pbl 4 . The halides are 
covalent and formed by sp^ hybridization. The thermal stability 
of halides of different elements with a common halogen 
decreases with increasing atomic number. The thermal stability 
of tetrahalides of the same element decreases with increase in 
molecular mass of the tetrahalide. 

CX 4 > 81 X 4 > GCX 4 > SnZ 4 > PbX 4 
CF 4 > CCI 4 > CBr 4 > CI 4 


Cl 


Cl—Si—Cl+ 2 H 20 -^ Cl—Si 
I H—O I 

Cl I I 

[hjQ 1 

H OH 


Cl HI 

I ,^ 0 —H 

Cl 


f fH-li 

Cl— Si—a2f!ii^:ci-I- ■ 


I 


+H 2 O, 


OH 


^p4h; 


HO H 


OH 

I. 

HO—Si—OH 

I 

OH 


[Non-existence of PbBr4 and Pbl4 can be explained on the 
basis of strong oxidising nature of Pb^^. The ions Br~ and F 
are reducing agents, Le., in presence of these ions, Pb^ ions 
are reduced to Pb^"^ ions. 

Pb'^ -I- 2 Br"-> Pb^”" -t- Br2 

Pb'^ + 21"-> Pb^+ + I 2 ] 

Except carbon halides, other halides are readily hydrolysed 
by water. The trend towards hydrolysis, however, decreases 
down the group. The hydrolysis is due to utilisation of 
d-orbitals to which water molecules can get attached. 

The tetrahalides of Si, Ge, Sn and Pb can form hexahalo 
complexes like [SiFg]^”, [GeFg]^" [GeClg]^", [SnClg]^" and 
[PbClg]^" with the coiresponding halide ions. Thus, tetrahalides 
of Si, Ge, Sn and Pb act as strong Lewis acids. 

Carbon does not form dihalides. All thd other elements do 
form dihalides. There is a steady increase in the stability of 
dihalides. —- 

SiX2 < GeX2 < SnX2 < PbX2 
(Hi) Oxides : All the elements of this group form oxides 
of the type MO2. 

CO2 Si02 Ge02 Sn02 Pb02 
The acidic nature decreases with increase of atomic number. 
CO2 and Si02 are acidic while Ge02, Sn02 and Pb02 are 
amphoteric. All these dissolve in alkalies giving carbonates, 
silicates, germanates, stannates and plumbates, respectively. 

MO2 + 2 NaOH-^ Na2M03 -t- H2O 

The dioxides of Ge, Sn and Pb also dissolve in acids. 

Ge 02 + 4 HC 1 -> GeCl4 -H 2H2O 

Sn02 + 4 HC 1 -^ SnCU -1- 2H2O 

Pb 02 + 4 HC 1 -^ PbCl2 + CI2 + 2H2O 

They also form oxides of the type MO. SiO is unstable. CO 
is neutral while SnO and PbO are amphoteric. Basic character 
of both mono and dioxide increases down the group. 

COMPARISON OF CARBON AND 
SILICON 

Carbon and silicon, the first two elements of group 14 have a 
number of similarities in their properties as both have same 
number of electrons in the outermost shell. They show many 
dissimilarities in properties also because the number of 
electrons in the penultimate shells are different. 

Points of Similarities 

(a) Electronic configuration: Both the elements have 4 
electrons, Le., grouping in their valence shell. 

C; 2 , 4 Si; 2 , 8, 4 

(b) Occurrence: Both are widely distributed in nature. 
Carbon is the essential constituent of vegetable and animal 
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kingdom while silicon is an essential constituent of mineral 
kingdom. 

(c) Non-metallic : Both are typical non-metals. They form 
oxides of type MO2 which are acidic in nature. Their monoxides 
CO and SiO are neutral, SiO is comparatively unstable. 

(d) Valency : Both show tetravalency. Both form covalent 
compounds by sharing of electrons. Both show tetravalency 
on account of sp^ hybridization. 

(e) Allotropy : Both show allotropy. 

(f) Catenation : Both carbon and silicon possess the 
property of catenation. Their atoms join with one another in 
large numbers forming the long chains and rings. 

(g) Similar compounds: 

(i) Formation of oxides : Both bum in oxygen to form 
acidic oxides. 

(X)2 -I- 2 NaOH -> NaaCOs -t- H2O 

Si02 + 2 NaOH-> Na2Si03 + H2O 

(il) Formation of hydrides : Both form a number of 
similar hydrides. 

m Points of Difference (Dissimilarities) 


CH4 C2Hg C3Hg * C4H]() 

SiH4 Si2H6 SijHg Si4Hio 

(Silane) (Disilane) (Trisilane) (Tetrasilane) 

These are all colourless gases and bum in air to form oxides. 

CH4 -I- 2O2 -> CO2 + 2H2O 

SiH 4 -t- 2O2-> Si 02 + 2H2O 

(iii) Formation of halides : Both form covalent halides 
of same formula. 

CCI4 CHa3 CF4 

SiCl4 SiHCl3 SiF4 

(iv) Formation of acids : Both form similar types of 
acids. 

H2CO3 H2Si03 

Carbonic acid Silicic acid 

C(X)H SiOOH 

I I 

COOH ..SiOOH __ 

Oxalic acid Silico-oxalic acid 


Carbon 

1. It has 2 elections in the penultimate shell 

em, 4 

2 . It is black solid. It does not melt. 

3. Some allotropic forms of carbon, e.g., grapiute are good conductors 
of electricity. 

4. Caustic alkalis have no action on carbon. 

5. The dioxide, carbon dioxide, is a gas. It has a linear structure. Carbon 
atom is linked to two oxygen atoms by double covalent bonds. 
Carbon is sp hybridized. These hybrid orbitals overlap with the p- 
orbital of each oxygen atom. The remaining 2p~orbital of each 
oxygen atom form E-bonds with p-orbitals of carbon atom. 


CO 2 molecules are held together by weak van der Waals' forces 
hence it exists as a gas at ordinary temperatures. 

Carbon dioxide dissolves in water and behaves as weak acid. 

CO2 + H2O H2CO3 
Carbonic acid 

2NaOH + CO 2 -^ Na 2 C 03 + H 2 O 

6 . The lower oxide, carbon monoxide, is known. It is stable and 
neutral in nature, 

7. It forms a large number of hydrides known as hydrocarbons which 
are stable. These are not hydrolysed by water. 

8 . It does not directly react with CI 2 or Br 2 . 

9. CCI 4 is a stable compound and it is not hydrolysed by water. TTie 
hydrolysis does not occur because water molecules cannot be 
coordinated to carbon as its maximum covalency is four. 

10. The oxyacid, H 2 CO 3 , is unstable. It is best known in the form of 
salts, carbonates. 

11. It does not form complex ions as ^-orbitals are not present and 

maximum covalency is four. [ 


Silicon 

It has 8 electrons in the penultimate shell 
Si: 2, [1,4 

It is reddish brown solid. It melts at 1410°C. 

It is bad conductor of heat and electricity. 

It reacts with alkalies to evolve hydrogen. 

Si + 2NaOH + H 2 O ^ Na 2 Si 03 + 2 H 2 
TTie dioxide, silica, is a solid. It has a giant structure. The silicon atom is 
linked with oxygen atoms by single covalent bonds. 


O O 

I I 



Silica has a three dimensional infinite structure in which silicon is tetra- 
hedraily bonded to four oxygen atoms and each oxygen atom is bonded to 
two silicon atoms by covalent bonds. Hence, silica has high melting point 
and is a solid. 

Silica is insoluble in water and acts as a very weak acid. 

2Na0H-i:Si02-^ Na 2 Si 03 + H 2 O 

The SiO is unstable. 

It forms lesser number of hydrides which are not very stable. These act 
as reducing agents. These are hydrolysed by water with evolution of 
hydrogen. 

It reacts with CI 2 or Br 2 at 5(K)°C. 

Si + 2Cl2804 

SiClj. is less stable and it is hydrolysed by water. The hydrolysis is due to 
the fact that water molecules can be coordinated to Si as its maximum 
covalency is six. 

The oxyacid, H 2 Si 03 , is stable. It is also known in the form of salts, 
silicates. 

It forms a number of complex ions as ^/-orbitels are present and maximum 
I covaiency is six. 
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(v) Structure of trimethyl ammonia and trisilyl 
ammonia : Trimethyl ammonia is pyramidal whereas trisilyl 
ammonia is a planar molecule. In silicon atom, there is vacant 
d-orbital hence electron pair of nitrogen is donated to silicon 
by pii-dn overlapping in trisilyl ammonia. Thus, trisilyl ammonia 


has planar structure. 



SiHj 

SiH3 

SiH3 

It <-> 

1 ^ 

^ 1 

A 

HjSi/ ^SiH3 HjSi 

A 

K ^ SiHj 

H3Si^ 


SiH3 

Trimethyl ammonia h^ pyramidal shape due to presence of. 
lone pair of electron at nitrogen. 


(Pyramidal Shape) 



om COMPARISON OF TIN AND LEAD 


Tin and lead are the last two members of group 14. Both 
resemble each other in many respects but lead being the last 
member having higher atomic mass differs in some respects 
with tin. 


£3 Points of Similarities 

1. Electronic configuration : Both have same electronic 
configuration having 4 electrons in the outermost shell and 18 
electrons in the penultimate shell. 

Sn (50) 2, 8, 18, 18, 4 

Pb (82) 2, 8, 18, 32, 18, 4 

2. Metallic nature ; Both of them are metals.They have 
low melting and boiling points. 

Element m.pt. (°C) b.pt. (°C) 

Sn , 232 2275 

Pb 327 1620 

Both are malleable in nature. 

3. Valency : Both show valency of 4 and 2 in their 
compounds. It is based on the fact that either 4 or 2 electrons 
from the outermost shell act as valency electrons. The lower 
valency, i.e., 2 is shown on account of the inertness of ns pair 
of electrons. The compounds having divalency are electrovalent 
while compounds having tetravalency show covalent nature. 
Both are electropositive metals but also exhibit an electronegative 
character in some of their compounds. Similar to silicates, the 
stannates and plumbates are known. 

4. Action of alkalies : Both react with hot alkali solutions 
and liberate hydrogen. 

Sn + 2 NaOH + H2O-> NaiSnOs + 2H2 

Pb + 2NaOH + H2O-> Na2Pb03 + 2H2 

5. Both form amphoteric oxides of the type MO and MO2. 


SnO + 2NaOH- > Na2Sn02 + H2O 

(Sodium stannite) 

SnO + H2SO4-> SnS04 + H2O 

PbO + 2NaOH-> Na2Pb02 + H2O 

(Sodium piumbite) 

PhO + H2SO4-> PbS04 + H2O 

6 . Both form tetrachlorides of the type MCI4. These are 
hydrolysed by water. 

SnCl4 + 4H2O --> Sn(OH)4 + 4HC1 

PbCl4 + 2H2O-> Pb02 + 4HC1 

These tetrachlorides combine with HCl to form chloro acids. 
HiSnCle H2PbCl6 

Chlorostannic acid Chlotpplumbic acid 

Tetrachlorides decompose on heating. 

SnCl4-^ SnCl2 + CI 2 

PbCl4-» PbCl2 + CI2 . 

7. Sulphides of both are precipitated by passing H2S through 
their salt solutions. 

PbCl2 + H2S-> PbS + 2HC1 

Black ppt. 

SnCl2 + H2S-> SnS + 2Ha 

Yellow ppt. 

8. Both form tetrahydrides which are unstable. 

9. Both form organometallic compounds. 

Sn(C2H5)4 Pb(C2H5)4 

Tin tetraethyl Lead tetraethyl 


1 . 

2 . 

3. 

4. 

5. 


Points of Difference (Dissimilarities) 


Tin 


Lead 


Tin shows allotropy. 

Tin does not leave any mark 
on paper. 

Ductile. 

Tin is a metalloid. 

SnO does not combine with 
silica. 


Lead does not show allotropy. 
Lead leaves a mark on paper. 

Not very ductile. 

Ixad is a metal. 

FbO combines with silica showing 
PbO is more basic than SnO, 


6. SnCb is soluble in both dil. and 
coric. HCl. 

7. SnS is soluble in yellow ammo*- 
niura sulphide showing its acidic 
nature. 

8. Stannic compounds are stable. 
Stannous compounds act as 
reducing agents. 

9. Tin is not attacked by organic 
acids. The reaction is not 
retaided with sulphuric acid as 
sulphates of tin are soluble. Sn 
forms metastannic acid with 
concentrated nitric acid. 

10. Tin combines with sulphur to 
form stannic sulphide. 

Sn -H 2S-> SnS 2 


PbO + Si02-> PbSi03 

PbCl 2 is insoluble in dil. HCl but 
soluble in cone. HCl forming 
complex H[PbCl 3 ], H^IPbClJ. 

FbS is insoluble in yellow ammo¬ 
nium sulphide showing its basic 
nature. 

Plumbous compounds are stable. 
Plumbic compounds act as oxidis¬ 
ing agents. 

Lead dissolves in organic acids. 
The reaction with sulphuric acid is 
retarded by the formation of 
insoluble PbSO^. Pb forms lead ni~ 
trate with concentrated nitric acid. 

Lead combines with sulphur to 
form lead sulphide. 

Pb + S PbS 
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CARBON 

ii 1. Unique properties of carbon in the group 

1. Carbon has the smallest atomic radius and lowest atomic 
volume amongst all the elements of group 14. 

2. It is most compact. It is the hardest and has highest 
melting and boiling points amongst the elements of group 14. 

3. It has the highest ionisation energy and is most 
electronegative element of group 14. 

4. Its maximum covalency is 4 as d electrons are absent in 
the valency shell. 

5. It has maximum property of catenation. It can form 
multiple bonds. As a result, carbon forms a large number of 
compounds. 

6 . Carbon dioxide, CO 2 , is a gas while the dioxides of other 
elements are solids. 

7. CCI 4 does not undergo hydrolysis while the tetrahalides,, 

of other elements undergo hydrolysis. 

2. Occurrence 

Carbon is one of the most widely distributed elements in 
nature. It occurs free as well as in the combined state. It 
occurs free in crystalline form as diamond, graphite, and in the 
amorphous form as coal. It is present in all living organisms, 
plants and animals, in the combined state in the form of 
proteins, carbohydrates, fats and other complicated compounds. 
It is present as hydrocarbons in natural gas and petroleum. It 
occurs as carbon dioxide and carbon monoxide in atmosphere. 
In mineral world, it occurs in the form of carbonates such as 
limestone, CaC 03 ; magnesite, MgC 03 ; calamine, ZriC 03 ; 
dolomite, MgC 03 CaC 03 ; siderite, FeC 03 ; cerussite, PbC 03 ; 
etc. 

is 3. Allotropic forms of carbon 

The property due to which an element exists in two or more 
forms which differ in their physical and some of the chemical 
properties is known as allotropy and the various forms are 
called allotroi^s or allotropic modifications. This phenomenon 
is due to the difference either in the number of atoms in the 
molecules [as in the case of oxygen (O 2 ) and ozone (O 3 )] or 
arrangement of atoms in the molecules (as in the case of 
various forms of carbon). 

Carbon exists in two allotropic forms: 

(a) Crystalline and (b) amorphous. The crystalline forms 
are diamond and graphite while the amorphous forms are coal, 
charcoal, lampblack, etc. 

Carbon 


Crystalline Amorphous (micro crystalline) 


Diamond Graphite Coal Charcoal Lampblack 
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(a) Diamond : (i) It is the purest form of carbon, 

(ii) It is found naturally as well as obtained artificially. 

(iii) It is the hardest natural substance known. 

(iv) It is transparent and has a specific gravity 3.52. 

(v) It is a bad conductor of heat and electricity. It is 
transparent to X-rays and glows in ultraviolet rays with bluish 
green colour. 

(vi) Its refractive index is high (2.45) and when properly 
cut, it produces maximum total internal reflection which is 
responsible for its brilliance. 

(vii) It is chemically inert. It is not attacked by acids, 
alkalies and salts. It bums in air on heating at 900®C to form 
CO 2 . It reacts with fluorine at lOO^'C to form CF 4 . 


C + O 2 CO 2 

(Diamond) 



Fig. 9.1 Structure of diamond 


^ or. *^ 00^0 

C + 2 F 2 —->CF 4 

The important properties of diamond are relatol to its struc¬ 
ture. In diamond, each carbon atom is in sp^ hybridized state 
and linked to four other carbon atoms tetrahedrally by covalent 
bonds. This gives a giant three dimensional polymeric structure 
in which C—C distance is 1.54 A and bond angle is 109.5'^. 

As the atoms are held firmly by strong covalent bonds, 
diamond is the hardest substance^ possesses very high melting 
point (3600°C) and chemically inert. Since there is no mobile 
electron present, diamond is non-conductor of electricity. 

Uses : Diamond is used as a gem stone on account of 
reflection and refraction of light. Impure diamonds (black) are 
used in knives for cutting glass, “Diamond studded saws’" in 
drill bits, as rock borers and is also used as polishers. 

(b) Graphite : (i) It is found in nature and also 
manufactured by Acheson process. Anthracite is heated with 
sand in an electric furnace of the resistance type. It is fitted 
with two carbon electrodes joined by a thin carbon rod through 
which an alternating current is passed (Fig. 9.2). 

The charge is heated at 3000^C for 24-30 hours. Silicon 
carbide is formed first which decomposes at high temperature 
into graphite and silicon. Silicon volatilizes away leaving behind 
graphite. 
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SiOs + 3C-> SiC + 2CO 

i 

C + Si 

(Graphite) 

(ii) It is a soft, greasy, dark greyish coloured crystalline 
solid. 

(Hi) Its density is 2.5 g mL“^ 

(iv) It is good conductor of electricity and its conductivity 
increases widi temperature. 

(v) It leaves a black mark on paper and is called black lead 
or plumbago. 

(vi) It is chemically more active than diamond. It ignites in 
air or oxygen at 700^C to form CO 2 . It is not attacked by 
alkalies and dilute acids. However, when treated with 
doncentrated HNO 3 or concentrated H 2 SO 4 , it is oxidised to 
insoluble yellowish green substance known as graphitic acid, 
CUH 4 O 5 . With alkaline potassium permanganate, it is oxidised 
to mellitic acid [C 5 (COOH) 5 ] and oxalic acid. It forms CO 2 
with chromic acid. 



Fig. 9.3 Structure of graphite 

It has a two dimensional sheet structure. Each carbon atom 
is in sp hybridized state and is linked to three other carbon 
atoms in a hexagonal planar structure. As there are four 
valence electrons in each carbon atom, after forming three 
C—C bonds, each carbon atom is left with one spare electron 
in its p-orbital. This electron then overlaps with each other to 
form a lE-bond. Hence, the C—C distance in graphite is shorter 
(1.42 A) than that of diamond (1.54 A). The ic-electrons are 


free to move throughout the entire layers, graphite is good 
conductor of electricity. The adjacent layers are held by weak 
van der Wa^s’ forces and the distance between two layers is 
sufficiently large (3.4 A). Thus, two adjacent layers can easily 
slide over each other and hence graphite is soft and possesses 
low density. The more reactivity of graphite is due to the 
presence of mobile electrons. Graphite is of two forms: a 
and p. 

In a-graphite layers are arranged in sequence ABAB, with 
the third layer exactly above first layer. In p-graphite, the 

layers are arranged as ABCABC .. The two forms 

are interconvertible. 

Graphite is thermodynamically more stable than diamond 
and its free energy of formation is 1.9 kJ less than diamond. 

. Diamond 

When graphite is heated with vapours of K, Rb, Cs at 
300®C, it forms CgM Graphite is diamagnetic but 
paramagnetic. 

Uses : Graphite is used: 

(i) for lining and making electrodes of electric furnaces. 

(H) in making refractory crucibles. 

(Hi) in making lead pencils. 

(iv) as a moderator in nuclear reactor 

(v) as a lubricant in machinery. 

(c) Coal : It is the crude form of carbon. It has been 
formed in nature as a result of slow decomposition of vegetable 
matter under the influence of heat, pressure and limited supply 
of air It is found in various forms which represent the different 
stages of transformation of vegetable matter. The successive 
stages of transformation are: peat, lignite,bituminous, steam 
coal and anthracite. The carbon contents of these fonns along 
with calorific values are given below: 

Peat Lignite Bituminous Steam Anthracite 

coal 

Carbon content %. 60 67 88 93 95 

Calorific value .9900 11,700 14,950 15,720 16,200 

(B.Th.U. per lb) . ^ 

[1 B.Th.U. = 252 calories or 397 B.Th,U. = 1 kcal] 

The common variety of coal is bituminous. It is hard like 
stone and bums with smoky flame. The superior quality is 
anthracite which bums with non~smoky flame. 

When coal is subjected to destmctive distillation by heating 
in the absence of air, it loses volatile constituents such as coal 
gas, ammonia, benzene, phenol and taf, the residue left behind 
is coke. Thus, coke is an artificial product. It is coal minus 
volatile matter. 

Uses : Coal is mainly used: (i) as a fuel. (H) for the manu¬ 
facture of coal gas, coal tar and coke, (iii) in the manufacture 
of synthetic petrol. 

Coke is used : (i) as a reducing agent in iron and steel 
industry, (ii) as a fuel (It bums without smoke) (iii) for making 
fuel gases and graphite. 
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(d) Charcoal : This form of carbon is obtained by burning 
wood, cellulose or any other carbonous matter in a limited 
supply of air. Charcoal is of various forms such as wood 
charcoal, sugar charcoal, coconut charcoal, animal charcoal, 
etc. These forms contain varying amounts of carbon content. 
A very pure form of carbon is obtained from sugar. Wood 
charcoal is porous and has a very large surface area per unit 
weight. It is, therefore, used as an adsorbent. When charcoal 
is given a special treatment in order to increase its absorption 
capacity, the resulting material is known as activated charcoal 
and the process of treatment is called activation. Activation is 
carried out by heating the charcoal in retorts at 800- in 
a current of superheated steam. This removes the impurities 
sticking on the surface and blocking the capillary pores. 

Charcoal is the most active form of carbon. It easily bums 
in air to form CO 2 . It reacts with many oxidising agente. It is 
affected by cone. HNO 3 and cone. H 2 SO 4 . 

C + 4HN03-->- C02 + 4 NO 2 -i- 2 H 2 O 

C + 2 H 2 SO 4 -> CO 2 4- 2 SO 2 4- 2 H 2 O 

Uses : Charcoal is used : 

(i) in removing offensive odour from air in the air- 
conditioning processes. 

(ii) in making filters in cigarettes as to remove vapours of 
nicotine. 

(iii) in removing fused oil from crade spirit. 

(iv) in decolourising sugar syrup and refining oils, fats, 
glycerine, etc, 

(v) in treatment of drinking water after chlorination as it 
adsorbs excess of chlorine, 

(vi) in gas masks as it adsorbs poisonous gases. 

(e) Lampblack or carbon black or soot : It is 
obtained by burning substances rich in carbon content such as 
kerosene, petroleum, turpentine oil, acetylene, etc., in a limited 
supply of air. These substances yield a large amount of smoke 
which is passed into chambers having wet blankets. The soot 
collected on these blankets is called lampblack. 

It is almost pure carbon. The carbon content is as high as 
98-99% with a small impurity of hydrocarbon. Lampblack is 
a soft black powder. It is used for making printing inks, black 
paints, Indian ink, boot polishes and ribbons of typewriters. The 
main application, at present, is as a filler in making rubber tyres. 

» 4 . Fullerenes or Bucky balls 

Chemistry is full of surprises and the discovery of a new 
series of allotropes of carbon must raink as one of the most 
unexpected findings of all 

Fullerenes constitute a family of structures in which carbon 
atoms are arranged in a spherical or elliptical structure. To 
make such a structure, the carbon atoms form five or six- 
membered rings, similar to the pattern of lines on a soccer ball. 
One of the most interesting carbon molecules, made in 1985, 
as a result of action of a laser beam on a sample of graphite 
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is C^o- It was given the name of buckminster fullerene. It 
is made from interlocking hexagonal and pentagonal rings of 
carbon atoms. The C 60 molecule structure is shown in Fig. 
9,4. Such molecules are now thought to exist even in chimney 
soot or candle soot. Each carbon is sp^ hybridised. The average 
C—C distance is 144 pm. 



(a) (b) 

Fig. 9.4 (a) Structure of Cgo, buckminsterfullerene a “buckyball’’ 
(b) The buckminsterfullerene molecule Is often called 
‘‘buckyball” because of its football appearance 

Another molecule C 70 has been recently discovered. These 
and similar large carbon molecules are sometimes referred as 
bucky balls. This allotrope family was named after R. Buck¬ 
minster Fuller, a genius architect of the twentieth century. 

One method of manufacturing the fullerenes is to use an 
intense laser beam to heat graphite to temperatures of over 
10,(K)(FC. At these temperatures, sections of the hexagonal 
planes of carbon atoms peel off the surface and wrap 
themselves into balls. 

Diamond and graphite are insoluble in all solvents but 
fullerenes are highly soluble in nonpolar solvents such as hexane 
and toluene. Although black in solid phase, fullerenes display 
a wide range of colours in solution. All the fullerenes sublime 
when heated. The Cgo molecules pack together in the same 
way as metal atoms do, forming a face centred cubic arrange¬ 
ment. The fiiUerenes have low densities (about 1.5 g cm"”^) 
and they are non-conductors of electricity. All the carbon atoms 
in buckminster fullerene are sp^ hybridized because all carbon 
atoms are equivalent, the strain caused by distortion of the 
bonds from coplanarity is equally distributed among all the 
carbon atoms. Thus, this molecule is quite stable. 

The fullerenes are easily reduced to anions by reaction with 
alkali and alkaline earth metals. For example, rubid ium fits within 
the interstices in the C^o lattice to give Rb 3 C 6 o* This compound 
is a super conductor at temperatures below 28K. Chemical 
reaction with the surface of the fullerenes is also possible; thus 
reaction with fluorine results in the formation of C^qF^. 

Besides and C70, even-numbered fullerenes from C70 to 
Cjoo are known. Only recently, a fullerene C 35 has been estab¬ 
lished. It is a black solid and gives a golden-yellow solution. 
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Fig. 9.5 The American Pavilion at the Montreal Expo in 1967 
was geodesic dome designed by R. Buckminster Fuller. The 
dome is a three-quarter sphere, 200 feet high and 250 feet 
In diameter. 


^ 5. Chemical properties of carbon 

Charcoal has the enormous surface area and hence, it is the 
most reactive form of carbon. The other forms such as diamond, 
graphite, coal, etc., which are denser, are less reactive in 
nature. 

(a) Combustion : All the allotropic forms of carbon bum 
in air or oxygen forming carbon dioxide (when oxygen supply 
is sufficient) and carbon monoxide (when oxygen supply is 
insufficient). 

C + O 2 -> CO 2 (Carbon dioxide) 

2C + O 2 - > 2CO (Carbon monoxide) 

This property shows that all the allotropic forms are chemically 
identical. 

(b) Reducing agent : Carbon is a strong reducing agent. 
It reduces many metallic oxides to corresponding metals, 
sulphates into sulphides and water to hydrogen. These 
reactions occur at high temperatures. 

ZnO -h C-> Zn + CO 

PbO + C-> Pb + CO 

PbS04 -h 4C-> PbS + 4CO 

BaS 04 + 4C-> BaS + 4CO 


C + H2O 


Red hot 
steam 


^ CO + H 2 


(c) Combination with other elements : It combines with 
sulphur when the vapours of sulphur are passed over red hot 
carbon forming carbon disulphide. 


C + 2S-^ ^^2 


When electric arc is stmck between carbon electrodes in 
presence of hydrogen, acetylene is formed. 

2C + H 2 -> C 2 H 2 


Beryllium when heated with caibon forms carbide 


2Be + C- > 
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Various carbides are formed when carbon is heated with 
certain oxides. 

CaO + 3C-^^^ CaC 2 + CO 
Calcium carbide 

Si 02 +3C-^522!^ SiC + 2CO 

Silica Carborundum 

2 AI 2 O 3 + 9C^252!^ AI 4 C 3 + 6 CO 

(d) Reactivity towards acids ; Charcoal dissolves slowly 
in hot dilute HNO 3 forming a brown coloured substance, 
artificial tannin. Cone. HNO 3 oxidises carbon to carbon 
dioxide. 

C + 4 HNO 3 -> CO 2 + 4 NO 2 + 2 H 2 O 

Hot and cone. H 2 SO 4 also oxidises it to carbon dioxide. A 
small quantity of mellitic acid (benzene hexacarboxylic acid) is 
also formed. 

C^ 2H2S04—^ CO2 + 2SO2 + 2H2O • 

12c + 9H2SO4-> C6(C00H)6 + 6H2O + 9SO2 

COMPOUNDS OF CARBON 
^ 1. Oxides of Carbon 

Two oxides of carbon, carbon monoxide and carbon dioxide 
are important and described below : 


(a) Carbon Monoxide, CO 


It is found in small amounts in volcanic gases, chimney 
gases, exhaust gases of internal combustion engines and coal 
gas. 

Pi^paration : The following methods can be applied for 
the preparation of carbon monoxide: 

( 1 ) By hating oxalic acid with com^ntra^ sulphuric 
acid : A mixture of CO and CO 2 is obtained. Sulphuric acid 
acts as a dehydrating agent. CO 2 is removed by passing the 
gaseous mixture through caustic soda or caustic potash 
solution. 


COOH 

I 

CCX)H 


H2SO4 

-H 2 O 


^ CO + CO, 


Similarly by heating formic acid with concentrated H 2 SO 4 , 
only CO is obtained. 


H^SOi 

HCOOH > C0 

(ii) By the reduction of o%ides of heavy metals with 
carbon : On heating oxides of heavy metals with carbon, 
CO is formed. 


Fe 203 + 3C-^ 2Pe + 3CO 

ZnO + C-> Zn + CO 
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(iii) By reduction of carbon dioxide : CO 2 can be reduced 
with carbon or zinc at high temperatures, CO 2 when passed 
over red hot zinc, a mixture of CO and CO 2 is obtained. 

Zn + CO 2 ZnO + CO 

Similarly, when CO 2 is passed over red hot charcoal, the 
reduction of CO 2 into CO occurs with the formation of a 
mixture of CO 2 and CO, The gaseous mixture is passed through 
NaOH or KOH solution as to remove CO 2 . 

(iv) By heating carbonates of calcium^ barium or 
magnesium with zinc, CO is obtained. 

MgC 03 + Zn-> ZnO + CO 

(v) By heating potai^ium ferrocyanide with cone* 
H2SO4: When potassium ferrocyanide in powdered state is 
heated with concentrated H 2 SO 4 , CO is evolved. Dilute H 2 SO 4 
should never be used because it shall evolve highly poisonous 
gas, HCN. 

K4Fe(CN)6 + 3H2SO4-> 2K2SO4 + FeS 04 + 6HCN 

6 HCN + I 2 H 2 O-> 6 HCOOH + 6 NH 3 

Formic acid 

6NH3 + 3H2SO4-> 3(NH4)2S04 

6 HCOOH . 6 CO + 6 H 2 O 

K4Fe(CN)6 + 6H2SO4 + 6H2O-> 2K2SO4 + FeS04 + 6CO 

+ 3(NH4)2S04 

Manufacture : Carbon monoxide is obtained in the form 
of water gas and producer gas when air (moist) is passed over 
a bed of white hot coke. The following reactions may occur. 

2C + O 2 -> 2CO 

C + O 2 -> CO 2 

C + H 2 O-> CO + H 2 

Water gas 

Carbon dioxide is reduced by passing the mixture over 
heated charcoal. 

CO 2 + C-> 2CO 

The CO produced, always consists of N 2 , H 2 , CO 2 , etc. 

Properties : (i) It is a colourless and odourless gas. 

(ii) It is slightly soluble in water. 

(iii) It is a combustible gas but does not support combustion. 

(iv) Its density is nearly equal to the density of air. 

(v) It is highly poisonous in nature. One part in 100 parts 
of air causes death in few minutes. The poisonous nature of 
CO is due to the fact that it combines with haemoglobin (a red 
colouring matter of blood which is absorber of oxygen) to 
form carboxy-haemoglobin which is not ^ ible to absorb 
oxygen and as a result of this, suffocaiioi. .ni js place. This 
phenomenon is known as ASPHYXIA. 

(vi) It is not decomposed by heat. 


(vii) It is neutral to litmus. 

(viii) It bums with blue flame to form CO 2 . This is an 
exothermic process. 

2CO + O 2 -> 2 CO 2 + Heat ' 

(ix) It is a good reducing agent as it takes up oxygen and 
converted into CO 2 . This property is utilised for the extraction 
of metals from their oxides. 

1^203 + 3CO-2Fe + 3 CO 2 

ZnO + CO-> Zn + CO 2 

PbO + CO-> Pb + CO 2 

It reduces Fehling’s solution also. 

2Cu(OH)2 + CO-> CU 2 O + 2 H 2 O + CO 2 

It reduces I 2 O 5 into iodine. 

I 2 O 5 + SCO --^ I 2 + 5 CO 2 __ 

(x) The bonding in carbon monoxide is represented as, 

:c:::o: or :c^o: 

Thus, all the four valencies of carbon are not satisfied. It 
behaves as unsaturated compound and forms addition products 
with a number of substances. 


CO + 2 H 2 - 


150--WC 

ZnO 


> CH 3 OH 

Methyl alcohol 


CO + CI 2 


Sunlight 
or camphor 


C0CI2 

Phosgene 



CuCi + CO .> CuCl CO 

(Ammon icul Addition 

soln.) product 

It combines with metals like Cr, Ni, Fe, etc. The 
compounds thus formed are called carbonyls. 

Ni + 4CO ..» Ni(CO )4 

Fe + SCO . — Fe(CO )5 

These reactions are used in the extraction and purification 
of metals. 

Uses : (i) It is used as a fuel in the form of water gas 
(CO + H 2 ) and producer gas (CO + N 2 ). 

(ii) CO is used in the manufacture of methanol, synthetic 
petrol, formic acid and phosgene gas (highly poisonous gas). 

(iii) It is used as a reducing agent in the extraction of iron. 

(iv) It is used in the extraction of nickel (Mond’s process). 
Structui^ : The electronic .structure of caibon monoxide 

may be represented as follows: 

:c:::o: :c=o: 


or 


:c^o: 



GR.B. Inorganic Chemistry for Competitions 


420 

Carbon atom is sp hybridized. One ^p-orbital is being used 
to form a single bond with oxygen atom while the other sp- 
orbital which points away from the C—O bond contains a lone 
pair of electrons. The remaining two unhybridized /7-orbitals 
form two 7 t-bonds with two /7-orbitals of oxygen atoms. The 
presence of a triple bond is evidenced by the following facts: 

(i) The bond length between carbon and oxygen is 1.13 A 
which corresponds to carbon-oxygen triple bond. 

(ii) The value of dipole moment is small. 

(iii) Due to presence of lone pair of electrons on carbon, 
carbon monoxide molecule acts as a ligand and can form a 
coordinate bond with certain metals (M^C = 0). 

(b) Carbon Dioxide, CO 2 

Occurrence : It is present in atmosphere to the extent 
of 0 . 03 - 0.05 per cent. It comes to the atmosphere from animal 
breathing, decay of vegetable matter, burning of carbon and 
carbonous matter, etc. It is also utilised by plants in photo¬ 
synthesis. Thus, a carbon dioxide cycle is operating in nature 
and the proportion of CO2 in the atmosphere remains about the 
same. It is found in combined state in the form of carbonates. 

Preparation : The following methods are used for its 
preparation : 

(i) By the complete combustion of carbon : Carbon is 
burnt in free supply of air. 

C + O2-^ CO2 

If CO is formed, it also bums with pale blue flame forming 
carbon dioxide. 

2 C -H O2 2 CO 
2 CO + O2-> 2CO2 

(ii) By the action of dil. mineral acids on carbonates 
and bicarbonates : Mineral acids react with carbonates and 
bicarbonates and evolve carbon dioxide. 

CaC 03 + 2 HC 1 -> CaCl2 + H2O + CO2 

Na2C03 + 2 HC 1 -> 2 NaCl + H2O + CO2 

NaHC03 + HCl-> NaCl + H2O + CO2 

This method is used in the laboratory for the formation of 
carbon dioxide. Marble pieces (CaC03) are taken in Woulfebottle 
which is fitted with a thistle funnel and a delivery tube. The 
other end of the delivery tube is kept into a dry cylinder through 
a card board disc. Pieces of marble are first covered with water 
and then concentrated HCl is added through the funnel. CO2 
is formed which is collected by upward displacement of air. 

Sulphuric acid is not used for the preparation because 
calcium sulphate formed gets deposited on the pieces of marble. 
This prevents the further action of H2SO4 on marble pieces. 

(iii) By heating carbonates and bicarbonates : The 
carbonates of less electropositive metals on heating decompose 
evolving carbon dioxide. 

ZnC03-> ZnO + CO2 

CUCO3-> CuO + CO2 


Bicarbonates of all the metals decompose on heating with 
evolution of CO2. 

2NaHC03-> Na2C03 + H2O + CO2 

Ca(HC03)2-> CaC 03 + H 2 O + CO 2 

Manufacture : (i) Fro^. fuel gases : The fuel gases 
produced during the combustion of coal or coke contain large 
amounts of carbon dioxide mixed with nitrogen, carbon 
monoxide, oxygen, etc. These gases are passed through K2CO3 
solution which absorbs CO2. 

K2CO3 + CO2 + H2O-> 2KHCO3 

This solution is then boiled when CO2 is liberated. 
2KHCO3-> K2CO3 + H2O + CO2 

(ii) From lime kilns : When lime is manufactured by the 
calcination of lime stone, (CaC03), carbon dioxide is obtained 
as a by-product. 

CaC03-^ CaO + CO2 

(iii) From fermentation: During fermentation,^ wherr 
molasses are changed into alcohol, a large amount of CO2 is 
obtained as a by-product. 

Sugar-> C6H12O6-> 2C2H5OH + 2CO2 

Glucose 

Properties : (i) It is a colourless, odourless and taste¬ 
less gas. 

(ii) It is slightly soluble in water under ordinary pressure 
but at high pressures, the solubility is high. 

(iii) It is heavier than air. 

(iv) It is easily liquefied under pressure into a colourless 
mobile liquid. If CO2 under pressure is allowed to escape 
through a nozzle, a white solid, Le., dry ice is obtained. Solid 
CO2 is a soft, white, snow like substance. It sublimes and 
leaves no residue. Solid CO2 is used as a refrigerant under the 
commercial name drikold. It is used in the transport of 
perishable food materials. It provides cold as well as the inert 
atmosphere which helps in killing the undesirable bacteria. 

(v) It is neither combustible nor a supporter of combustion. 
However, burning magnesium, sodium or potassium continues 
burning in the gas. 

CO2 + 2 Mg-> 2 MgO + C 

CO2 + 4 Na -> 2Na20 -h C 

CO 2 

T 

Na2C03 

[Note : CO 2 is used as fire extinguisher but it cannot be used in the case 
of active metal fu'es which have affinity for oxygen.] 

(vi) CO2 acts as an oxidising agent. When heated with Zn, 
iron or carbon, these are oxidised. 

Zn + CO2-> ZnO + CO 

CO2 + C-> 2 CO 

(vii) CO2 is. an acidic oxide. It dissolves in water forming 
unstable carbonic acid. 

H2O + CO2 ^ H2CO3 
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It combines with alkalies to form two series of salts, 
carbonates and bicarbonates. 

2 NaOH + CO2-> Na2C03 + H2O 

With excess of CO2, carbonate is converted into bicarbonate. 
Na 2 C 03 + H 2 O + CO 2 -> 2 NaHC 03 

Lime water, Ca(OH)2, is turned milky on passing CO2 with 
the formation of insoluble calcium carbonate. 

Ca(OH)2 + CO2-^ CaC03 + H2O 

Insoluble 

The milkiness disappears on passing more of CO2 with the 
convereion of calcium carbonate into soluble calcium 
bicarbonate. 

CaC 03 + H 2 O + CO 2 —^ Ca(HC 03)2 

Soluble 

(viii) CO2 reacts with basic oxides like Na20, K2O, etc.,to 
form corresponding carbonates, 

K2O + CO2 —^ K2CO3 

Na20 + CO2-> Na2C03 

(ix) CO2 is converted by plants in the presence of sunlight 
and chlorophyll into glucose and higher carbohydrates. This 
process is known as photosynthesis. 

6CO2 “b 6H2O-^ C 5 Hj^ 2^6 ~b 6O2 

US0S : (i) It is used in the manufacture of aerated water. 

(ii) Solid CO2 (dry ice) is used in refrigeration. It is superior 
refrigerant than common ice because it can produce very low 
temperatures and does not form liquid on melting. A mixture 
of solid CO2 and ether is used to produce low temperature of 
the order of - 80 ^C to --lOOT. 

(iii) Carbogen is a mixture of O2 and CO2 ( 5 - 10 %). It is 
used for artificial respiration in the case of pneumonia patients 
and victims of CO poisoning. 

(iv) It is used in the manufacture of white lead and sodium 
carbonate (Solvay process). 

(v) CO2 is used as fire extinguisher. The use of common 
fire extinguisher is based on the production of CO2. A soda 
acid fire extinguisher contains a concentrated solution of sodium 
bicarbonate and a bottle containing concentrated sulphuric acid. 
When the apparatus is turned upside down the acid flows out 
of the bottle and reacts with sodium bicarbonate to produce 
CO2, 

Aluminium sulphate in place of conc.H2Sb4 is used in foam 
type fire extinguishers. When solution of NaHCOa 
aluminium sulphate react, CO2 is liberated along with the 
hydrolysis of aluminium sulphate producing aluminium hydro¬ 
xide in the form of foam. 

Al2(S04)3 + 6NaHC03-> 2Al(OH)3 + 3Na2S04 + 6 CO 2 

Al2{S04)3 + 6 H 2 O-> 2A1(0H)3 + 3 H 2 SO 4 

A1(0H)3 deposits on the burning articles and thus cuts off 
their contact with the air. 


(vi) CO2 is used by plants in the form of food. 

Structm^: CO2 has a linear structure since its dipole 
moment is zero. Both the oxygen atoms are linked by double 
bonds. 

■ 0 =c =0 

The C—O bond length is 1.15 A which is less than 
calculated value of double bond C= 0 . Thus, it is believed 
that CO2 molecule is a resonance hybrid of the following 
structures : 

0 =c =0 <—^ o = c—o <-> o—c = o 


The formation of the molecule can be explained on the basis 
of hybridization. Carbon is sp- hybridized. The hybrid orbitals 
form sigma bonds with p-orbitals of each oxygen atoms. The 
unhybridized two p-orbitals of carbon atom form two 
7 C-bonds with two oxygen atoms. 


Oxygen atom 
Carbon atom 


Oxygen atom 


2 s 2 p^- 


X 


n 

i 

m 


F- - - “ ‘ 



Lil 

£] 


T 

[r] 

sp sp ^ 

^2^2p jir 

U\ 


n 

i 

i 


q 4 c=Q 


Carbon forms some less stable oxides, e.g., C3O2, C5O2 
and C12O9. Graphite oxides are C2O and C2O3 which are still 
less stable. Carbon suboxide is formed by dehydration of malonic 
acid. 


CH2 


/COOH 

/ P4O10, 

X 

^COOH 


0 =C=C=C =0 + 2H2O 


Some important reactions of carbon suboxide are: 


C3O2 + 2H2O-> 



COOH 

COOH 


Malonic acid 


C3O2 + 2HC1 


/coa 

CH2<^ 

^COCl 

Malonyl chloride 


C3O2 + 2NH3 



C0NH2 

C0NH2 


Malonyl amide 


^ 2. Carbonic Acid, Caibonates 
and Bicaibonataa 

Carbon dioxide is an acidic oxide. The solution of CO2 in 
water shows feeble acidic nature. This is believed due to the 
formation of carbonic acid. 
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CO2 + H2O ^ H2CO3 (CO2 is called carbonic anhydride.) 
Carbonic acid is known only in solution and has never been 
isolated in free state. 

The carbonic acid is a dibasic acid and it forms two series 
of salts by replacement of one or both the hydrogen atoms. 

H2CO3 ^ + HCOa" ^ 2 ir + COf" 

(a) Acid salts, are also called bicarbonates or hydrogen 
carbonates. These contain HCOs" ions. 

(b) Normal salts, are also called carbonates. These contain 
CO3" ions. 

The metallic carbonates or bicarbonates are prepared by 
following methods: 

(i) By passing CO 2 through the solution of base: 

2 NaOH 4- CO2-> Na2C03 + H2O 

CO2 + H2O 

▼ 

NaHC03 

Ca(OH)2 + CO2-> CaCOa + H2O 

CO2 + H2O 

Ca(HC 03)2 

(ii) By reacting basic oxides and CO 2 : 

K2O + CO2-> K2CO3 

Na20 + CO2-> Na 2 C 03 

(iil) By double decomposition, i.e., by using sodium 
carbonate: 

CaClz + Na2C03-> CaCOj + 2 NaCl 

Bad2 Na2C03-^ BaC03 + 2Nad 

Properties : (i) Solubility ; (a) Except alkali metals 
carbonates, all other carbonates are insoluble in water. 

(b) The bicarbonates are soluble in water. The bicarbonates 
of alkali metals are known in solid state while the bicarbonates 
of alkaline earth metals are only known in solutions. 

(ii) Action of heat : (a) All bicarbonates decompose on 

heating evolving carbon dioxide. The carbonate formed may 
further decompose except alkali metal carbonates. 

Ca(HC 03)2 -^ CaC 03 + H 2 O + CO 2 

2NaHC03-> NasCOa + H2O + CO2 

(b) Alkali metal carbonates except LiaCOa do not decom¬ 
pose on heating. 

(c) All other carbonates decompose on heating with 
evolution of carbon dioxide. 

ZnCOa-^ ZnO + CO2 

CaCOa-> CaO + CO2 

CuCOa-> CuO + CO2 

AgaCOa-> 2Ag + CO2 +5O2 

(iii) Action of acids : Both carbonates and bicarbonates 
are decomposed by the action of acids with evolution of CO2 
(effervescences). 


NajCOj + 2Hd-> 2Nad + H 2 O + CO 2 

NaHCOs + Hd-> Nad + H2O + CO2 

ZnCOa + H2SO4-> ZnS04 + H2O + CO2 

(iv) Action of MgS 04 : This is the reagent with which 
carbonates and bicarbonates can be distinguished and tested. 
Soluble carbonates form an insoluble white precipitate with 
magnesium sulphate in cold. 

Na 2 C 03 + MgS 04 -> MgCOs + Na 2 S 04 

White ppt. 

Bicarbonates do not form any white precipitate with 
magnesium sulphate in cold. However* when such solution is 
heated, a white precipitate appears. 

2 NaHC 03 + MgS04-> Mg(HC 03)2 + Na 2 S 04 

(Soluble) 

Heat 

_ MgC 03 + H2O + CO2 
White ppt. 

(v) Effect of phenolphthalein : Soluble carbonates 
produce pink colour with phenolphthalein showing higher pH 
value while bicarbonates do not give pink colour with 
phenolphthalein. 

^ 3 . Gaseous Fuels 

Fuels are the substances which undergo combustion. As a 
result of their burning, they prcxiuce heat energy. During com¬ 
bustion, no undesirable product should be formed. The heat 
energy production depends on the presence of combustible 
substances such as carbon, carbon monoxide, carbonous matter, 
hydrogen, etc., in the fuels. Most common fuels are: 

(a) Solid fuels : Wood, lignite, peat, coke, charcoal, etc. 

(b) Liquid ftiels: Petroleum products such as petrol, 
kerosene, spirits, etc. 

(c) Gaseous fuels: Water gas, producer gas, coal gas, 
oil gas, natural gas, etc. 

Characteristics of gcHid fuel t (i) It should have high 
calorific value. 

(ii) It should yield very little ash content. 

(iii) It should not give any offensive odour or any undesirable 
product during burning. 

(iv) It’s cost of production should be low and it should be 
easily available. 

(v) The combustion should be of moderate speed. 

Superiori^ of gaseous fuels : Gaseous fuels are the 

best fuels. The following are the advantages of gaseous fuels 
over solid and liquid fuels: 

(i) Gaseous fuels leave no ash and there is lesser loss of heat 
during their combustion. 

(ii) Gaseous fuels do not produce smoke. 

(iii) They have high calorific value. 

(iv) No special devices are required for their combustion. 
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(v) Gaseous fuels can flow through pipes and can be ignited 
at the moment's notice at any place where a burner is placed. 
Some of the important gaseous fuels are discussed below : 

(1) Producer Gas 

Producer gas is mainly a mixture of carton monoxide and 
nitrogen. It is prepared by the incomplete combustion of coal, 
coke or charcoal The combustion is done in restricted supply 
of air. 

C + O2-^ ^ 97.7 kcal 

CO2 4 - C-> 2 CQ - 38.3 kcal 

2 C 4- O2 -^ 2 CO + 59.4 kcal 

Initially, carbon dioxide is the main product but when it rises 
through the bed of coal, it combines with carbon, provided the 
temperature is lOOO^C, forming carbon monoxide. Thus, heat 
is generated during its. preparation. This heat can also be 
utilised if producer gas is generated on the spot and used while 
still hot. 

Producer gas is poisonous, heavier than air and insoluble in 
water. It has a low calorific value. The CO bums and converted 
into CO2 in air producing heat energy. The low calorific value 
(103 B.Th.U. per cubic ft) is due to the presence of large 
proportion of nitrogen in it. It is mainly used as a gaseous fuel 
in open hearth furnace in the manufacture of steel and glass. 
It is also used to heat coke ovens for the manufacture of coal 
gas. 

(if) Water Gas 

Water gas is mainly a mixture of CO and H2. It is made 
by blowing steam through the layers of incandescent (red hot) 
coal. The efficient working temperature is 10 (X>- 1400 '"C. 

C + H2O-> CO + H2- 28 kcal 

Due to endothermic nature of this reaction, the coal cools 
down after sometime and the formation of carbon dioxide 
starts at low temperature. To check this formation, the 
current of steam is replaced by a blast of ak. This raises the 
temperature of coal and steam is readmitted. In general, water 
gas consists of 40 volumes of CO, 50 volumes of H2, 5 
volumes of CO2 and 4-5 volumes of nitrogen. 

The calorific value of water gas is fairly high (310 B.Th.U. 
per cubic ft). The calorific value of water gas is increased by 
carburetting, i.e., adding gaseous hydrocarbons obtained by 
cracking of petroleum oils. 

Water gas is used as a fuel and for the manufacture of 
hydrogen. It is also used for lighting purposes and in the 
manufacture of methyl alcohol The flame of water gas is 
shoit and hot, it is thus used for welding purposes. 

(iii) Coal Gas 

Coal gas is a mixture of hydrogen, methane, carbon 
monoxide, ethylene, acetylene, carbon dioxide, nitrogen and 
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oxygen. It is a good gaseous fuel as it contains about 95 % 
combustible gases. The calorific value of coal gas is 450-650 
B.Th.U. per cubic ft. The average composition of coal gas by 
volume is: 


Hydrogen 

56% ; 

Ethylene, acetylene 

2.5% 

Methane 

22.8% ; 

Carbon dioxide 

1.3% 

Carbon monoxide 

10.9% ; 

Oxygen 

0.5% 

Nitrogen 

5.0% 




Hydrogen, methane and carbon monoxide are non-illumi- 
nating but heat producing constituents. The unsaturated hydro¬ 
carbons produce illumination. Nitrogen, carbon dioxide and 
oxygen are present as impurities. 

Coal gas is obtained by destructive distillation of coal 
at about lOOO^C. For this puipose, coal is heated at 1000 - 
llOC'C in a large fire-clay retorts. The products of decom¬ 
position are: (i) Goaigas (ii) coke (m)xoal.to (ivO anmonicaL 
liquor. One ton of bituminous coal gives about 13000 cubic ft 
of coal gas. 

Uses : It is used ; 

(i) as a fuel in the household and in metallurgical 
operations. 

(ii) in providing Jneit atmosphere in certain chemical 
processes. 

(iii) in smelting of metals and alloys. 

(iv) as a reducing agent. 

(v) as an illuminating gas. 

(iv) Oil Gas 

Oil gas is obtained by cracking of kerosene. It is a mixture 
of lower hydrocarbons, mainly CH4, C2H4, C2H2, etc, 

A thin stream of oil is allowed to drop on the red hot surface 
of an iron retort. The kerosene is broken down into gaseous 
hydrocarbons. 

C16H34-> 6CH4 + 2C2H4 + C2H2 + 4 C 

The gas mixture is passed through hydraulic main to 
remove tar and soluble impurities and then collected in 
gas holder. 

Oil gas is generally used in laboratories. 

Petrol gas is a mixture of petrol vapours and air. It is 
obtained by passing air through petrol (solvent oil). Nowadays, 
petrol gas is used in the laboratories instead of oil gas. 

(v) Natural Gas 

Natural gas is found in regions rich in petroleum. The gas 
consists of chiefly methane. The approximate composition of 
a sample of natural gas is given below: 

CH4 C2H6 C3H8 C4H10 N2 

85 % 9 % 3 % 1 % 2 % 

The composition may vary from place to place. Natural gas 
from certain regions has been found to have sufficient pro¬ 
portion of helium. 
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Chief use of natural gas is as a fuel. It is also used for the 
production of hydrogen, carbon black and various petro¬ 
chemicals, 

(vi) Liquefied Petroleum Gas (LPG) 

Liquid or liquefied petroleum gas (LPG) is a clean burning 
gaseous fuel which contains C3 and C4 hydrocarbons of the 
alkane and alkene series. LPG contains hydrocarbons of such 
volatility that can exist as gases under normal temperature and 
atmospheric pressure, but can be easily liquefied under high 
pressure, Le., the critical temperature of the gaseous mixture 
(LMP) is nearly equal to room temperature. The main con¬ 
stituents of LPG are n-butane, isobutane, butene and propane. 

LPG is generally isolated either from natural gas or fi^’om 
the cracking units of petroleum refineries. During fractional 
distillation of crude petroleum, the gases collected at the top of 
the fractionating tower which do not condense at all (hydro¬ 
carbons having low boiling points such as methane, ethane, 
propane, butanes, etc.) are used for making LPG The mixture 
of lower hydrocarbons is condensed under high pressure in 
refrigeration units. However, traces of sulphur containing 
compounds such as ethyl mercaptan (C2H5SH) or methyl 
mercaptan (CH3SH) are deliberately added in order to detect 
any dangerous leakage from the gas cylinder. 

The density of LPG is about 0 . 55 g mL“^ and is colourless, 
tasteless, odourless and non-toxic in nature. However, life is 
not possible in its gaseous atmosphere due to lack of oxygen, 
Le,, it is suffocating in nature. In gaseous state it is twice 
heavy as air. It is highly inflammable and produces heat energy 
on combustion in air. 

C3H8 + 5O2 —^ 3CO2 + 4H2O + Heat 

QHjo +(y] O2-^ 4CO2 + 5H2O + Heat 

The average calorific value of LPG is 55 kJg”^ or 29780 
kcal/m^. LPG is used as a domestic fuel, diiect motor fuel, 
laboratory gas and a source of petrochemicals. About 80 % 
LPG is used nowadays in India as a domestic fuel (Cooking 
gas). Domestic installation consists of a LPG cylinder, pressure 
regulator, rubber tubing and a hot plate. On opening the cylinder 
valve with the help of pressure regulator, the pressure inside 
the cylinder is reduced causing LPG liquid to vaporise into gas. 
The gas through rubber tube reaches the burner of the hot 
plate where it is mixed with air and burnt. 

LPG is the safest fuel but requires certain simple pre¬ 
cautions in day to day use. 

(i) As LPG is heavier than air and as such, it travels towards 
floor, so it is important that the flame should be at higher 
level than cylinder. Thus, it is recommended that hot plate 
level should be above cylinder height. 

(ii) There should be no electrical appliances like fridge in the 
kitchen which can cause electric spark during switch on 
or off. 


(iii) In case of smell of gas inside the kitchen, no flame should 
be produced and no electiic switch be touched. 

(iv) The LPG cylinder should never be stored in cupboard. 

(v) Kitchen should be airy. 

(vi) After cooking is over, the pressure regulator should be 
turned off. 

LPG is an ideal fuel in modem living. The main 
advantages of LPG are : 

(a) It gives instant flame by just lighting a match box or lighter. 

(b) It gives instant heat, there is no need to wait for appliances 
to warm up. 

(c) It gives correct amount of heat required, as the size of the 
flame can be adjusted. 

(d) It gives comfort because cooking is quicker and the kitchen 
does not get heated or get dirty like other fuels. 

(e) It is much cheaper than other fuels. 

(f) It is easy to store. The cylinder occupies very little space . LPG 
connections can be transferred from one place to another. 

(vii) Gobar Gas or Blo-gas 

The mixture of gases that can bum and produce heat energy, 
which is emitted from places where organic wastes (like animal 
dung, human excreta, vegetable waste, leaves, etc.) decay out 
of contact of air is called bio-gas or gobar gas. 

Its main constituent is methane ( 60 - 70 %). Other gases 
present are CO, H2, CO2, H2S, N2, etc. Bio-gas is combustible. 
It gives a blue flame with a lot of heat which may be used for 
cooking, lighting and as a fuel for petrol and diesel engines. 

Organic waste is made to decay out of contact of air when 
bio-gas is produced. This process is called anaerobic fermen¬ 
tation. The waste that remains after fermentation called slurry 
is a very good fertilizer as the bacteria add a lot of nitrogen to 
the waste during fermentation, thus improving the quality of 
the fertilizer. 

Bio-gas has become a very practical alternative energy 
resource in several rural areas of the country. 

4 . Carbides 

Carbides are binary compounds of carbon with elements of 
lower or about equal electronegativity. Carbides are classified 
into three types on the basis of chemical bonding. These are 
salt-like carbides, covalent carbides and interstitial or alloy 
like carbides. Carbides are generally prepared by heating the 
element or its oxide with carbon or hydrocarbon at very high 
temperatures. 

Ba + 2 C-> BaC2 

2 Li + 2 C-> Li2C2 

CaO + 3 C-> CaC2 + CO 

4 Li + C2H2-^ Li2C2 + 2 LiH 

l^t^like carbides: These carbides are formed by the 
metals of groups lA, IIA and IIIA (except boron), coinage 
metals, zinc, cadmium and some lanthanides. Depending on 
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the nature of the hydrocarbon formed during hydrolysis by 
water or dilute HCl, the ionic carbides can be further classified 
into the following types : 

(I) Acatylides : These are the ionic carbides which yield 
acetylene on hydrolysis. These are regarded as derivatives of 
acetylene and are thus called acetylides. The alkali metals and 
copper, silver and gold form M2C2 type compounds. The 
alkaline earth metals, zinc and cadmium give MC2 type carbides. 
These carbides are believed to contain groups. Two 

types of crystal structures characterise these carbides. Both 
are tetragonal and are derived from sodium chloride structure 
by replacement of Cl ions by C2 ions. 

(li) Methanidas: These carbides evolve methane on 
hydrolysis. These are regarded as derivatives of methane 
and are called methanides. AI4C3, Be2C, Mn3C,etc., are some 
examples of methanides. These contain groups. 

^ (lit) AUylides ; These ^ carbides evolve:. allylene«(methyl 
acetylene) on hydrolysis. The only example of this type is 

Mg2C3. It contains discrete groups. 

Mg2C3 + 4H2O-> 2 Mg(OH )2 + CH3--C=CH 

Propyne 

(iv) Mixed carbides t These carbides yield a mixture of 
hydrocarbons on hydrolysis. Carbides of iron group, UC2 and 
ThC2 belong to this class. 

Covalent carbide 5 The only true covalent carbides are 
those of silicon (SiC carborundum) and boron (B4C and B ] 3C2).' 
These are chemically inert and extremely hard materials.On 
account of hardness, these carbides are used as abrasives. 

Silicon carbide is produced by heating quartz or sand with 
an excess of coke in an electric arc furnace. 

Si02 + 3C— — + 2C0T 

Metallic or interstitial ^rbides: In these carbides, 
small carbon atoms occupy interstitial positions in the crystal 
lattices of the metals. These are of two types: MC (M = Ti, Zr, 
Hf, V, Nb, Ta, Mo, W) and M2C (M = V, Mo and W). These 
carbides possess metallic lustre, high electrical conductivity 
and are chemically inert. These are extremely hard like diamond 
and possess very high melting points. 

USOS I (i) Calcium carbide is used to prepare acetylene. 
Acetylene is the starting material for many organic compounds. 
It is also used for production of oxy^acetylene flame employed 
for welding purposes. 

(ii) SiC, being hard substance, is used as abrasive. Boron 
carbide is also used as abrasive and shield from radiations. It 
is used for the construction of atomic reactors. 

(iii) Carbides which can withstand high temperature are 
used widely in furnace lining. 

(iv) Tungsten carbide, WC, is used for the manufacture of 
high speed tools. 


9 ^ SILICON 

Silicon is the second most abundant element occurring in the 
earth’s crust (about 28 % by weight). Silicon and oxygen make 
up 75 % of the crust of the earth. Unlike carbon, it is never 
found in free state but always in combined state. It is an 
important constituent of igneous rocks which‘consists of 
silicates of magnesium, aluminium, potassium or iron. Silicon 
is widely present as silica (Si02) in various forms such as 
sand, quartz, flint, etc. Silicon dioxide, Si02 has a melting 
point of 1710 T. 

Silicon is obtained by the reduction of silica. It exists in two 
allotropic forms: (a) amorphous and (b) crystalline. The 
amorphous variety is obtained by heating dry powdered silica 
with magnesium. 

Si 02 + 2 Mg-> Si + 2 MgO 

The crystalline variety is obtained by heating a finely 
powdered sand or quartz with carbon in an electric furnace^ 
A small amount of iron is added to prevent the formation of 
carborundum (SiC). 

Si 02 + 2 C-> Si + 2 CO 

High purity silicon can be prepared by reducing SiCl4 with 
magnesium. 

SiCLi + 2 Mg-> Si + 2 MgGl 2 

The magnesium chloride, being water soluble, is then washed 
away from the silicon. The final purification of silicon takes 
place by zone-refining. 

Amorphous silicon is chemically more reactive than 
crystalline silicon. Amorphous silicon is a brownish powder. It 
bums brilliantly in oxygen and ignites spontaneously in fluorine. 

Si + O2-^ Si 02 

Si + 2F2-> SiF4 

It decomposes steam at red heat. It dissolves in the mixture 
of HNO3 and HCL However, it dissolves readily in alkalies. 

Si + 2H2O-> Si 02 + 2H2 

Si + 2 KOH + H2O -—> K 2 Si 03 + 2H2 

Na 2 C 03 + Si-> Na 2 Si 03 + C 

It combines with certain metals forming silicides. 

2 Mg + Si-> Mg2Si 

When amorphous silicon is strongly heated, it fuses and on 
cooling solidifies to the crystalline form. It is very hard 
crystalline silicon, does not bum in oxygen but it readily 
combines with fluorine. It dis^lves in mixture of HNO3 and 
HF. When fused with alkali, it gives a silicate. 

Na 2 C 03 + Si -- > Na 2 Si 03 + C 

Silicon is used in the manufacture of certain alloys such as 
ferrosilicon, silicon bronze, manganese silicon bronze, etc. 
These alloys possess high strength and hardness and resistant 
to the attack of acids. 

One outstanding property of silicon in a high state of purity 
is its electrical conductivity. It acts as a semiconductor, i.e-, 
it does not conduct electricity until a cartain electric voltage is 
applied, but beyond that it conducts moderately. Its conductivity 
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properties can be changed by a process known as doping, Le,, 
placing other atoms in a crystal of pure silicon. 

The excesses (n-type) and deficiencies (p-type) of electrons 
result from inserting arsenic and boron atoms respectively in 
the place of silicon atoms in the crystalline structure. In 1947 , 
an electrical device called the transistor invented. The 
simplest device used layers of n-p-n or p-n-p-doped silicon. 
The most revolutionary application of silicon’s semiconductor 
properties has been in the design of integrated circuits, 
computer memories and even whole computers called 
microprocessors on tiny chips of silicon. These are used in 
calculators, cameras, watches, toys, cardiac pacemakers and 
many other products. 

9^ COMPOUNDS OF SILICON 

li 1. Carborundum (Silicon Carbide), SIC 


It is obtained when a Mxtufe of sandrcarbon, common salt 
and saw dust is strongly heated in an electric ftimace. 

Si 02 + 3 C-> SiC + 2 CO 

Salt is added to act as flux and saw dust makes the mass 
porous. Two carbon rods connected by a thin carbon core act 
as electrodes in the furnace. Carbonindum is formed round the 
central core of carbon. It is crushed, washed with H2SO4, 
NaOH, H2O and then dried. 

Properties : (i) Pure carborundum is colourless but 
commercial samples possess yellow, green or blue colour. 

(ii) It is very hard mass. However, its hardness is less than 
diamond. 

(iii) It is chemically inert and resists the attack of almost all 
the reagents except fused caustic soda. The fused alkali 
dissolves it in presence of air. 

4 NaOH + SiC + 2O2-> NaaSiOa + Na2C03 + 2H2O 

Its structure is similar to diamond. 

Uses : It is used as an abrasive instead of emery. It is 
used to make grind-stones, knife sharj^ners, etc. 


^ 2 . Sodium Silicate, NaaSiOs (Water Glass) 

It is commercially called water glass. Chemically it is 
sodium metasilicate containing an excess of silica. Its com¬ 
position may vary from Na2Si03*Si02 to Na2Si03-3Si02. 

It is obtained by fusing soda ash (Na2C03) with pure sand 
at a high temperature. 

Na 2 C 03 + Si02-^ Na 2 Si 03 + C02t 

The resulting mass is extracted with water and the solution 
is evaporated to get a syrupy m^s known as water glass. 

Properties : It is soluble in water. The solution is alkaline 
due to hydrolysis, 

Na2Si03 + 2H2O 2 NaOH + H2Si03 
If in a solution of sodium silicate of density LI, some 
coloured salts like cobalt nitrate, nickel chloride, ferrous 


sulphate, copper sulphate, etc., are placed and whole solution 
is left as such for a night, beautiful hollow tubes of metallic 
silicate gels possessing different colours shoot up from these 
crystals and look like plants. This is called silica garden or 
chemical garden. 

Uses :. It is used : 

(a) in fire proofing of wood and textiles. 

(b) as a preservative for eggs. 

(c) as an adhesive cement for joining pieces of china clay. 

(d) in the soap industry as a filler for a cheaper variety of soap, 

(e) in paint industry and calico printing. 

(f) for making silica gel, Si02‘xH20. When a solution of 
Na2Si03 is acidified with HCl, a gelatinous precipitate of silicic 
(H2Si03) acid is slowly formed, 

NaaSiOs + 2 HC 1 2 NaCl + H2Si03 

If most of the water is carefully removed, the jelly like 
precipitate of H2Si03 is converted into a solid product whicfr^— 
is called silica gel. It possesses excellent absorption property 
of gases and vapours. 


» 3 . Silicones 


These are organosilicon polymers containing Si^—O—Si 
linkages. These are formed by the hydrolysis of alkyl or aryl 
substituted chlorosilanes and their subsequent polymerisation. 
The alkyl or aryl substituted chlorosilanes are prepared by the 
reaction of Grignard reagent and silicon tetrachloride. 

i?MgCl + SiCl4-> R-^iCh + MgCl2 

Grignard reagent 

2 i?MgCl + SiCl4-> /^2SiCl2 + 2 MgCl 2 

3 /^MgCl + SiCl4-> /?3SiCl + 3 MgCl 2 


R stands for —CH3, —C2HS or —C^5 groups. 

Hydrolysis of substituted chlorosilanes yield corresponding 
silanols which undergo polymerisation. 


R 

R 



a HIGH 

+ -’2HC1. 

a HIGH 



Dialkyl silandiol 


Polymerisation of dialkyl silandiol yields linear thermo¬ 
plastic polymer. 


R R 


R R 


HO-Si-£)H + h: 0 —Si—OH-> HO—Si—O—Si—OH 

I I I I 

R R R R 

Polymerisation continues on both the ends and thus chain 
increases in length. 

/fSiCl3 on hydrolysis gives a cross linked silicone.The 
formation can be explained in three steps: 
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OH 

I 

i?—Si—OH 
I 

OH 

R R R 

I _ I _ _ I 

(ii) HO-ASi—ipH + H; O—Si—|pH + Hi O—Si—OH-> 

I I I 

OH OH OH 

R R R 

I I I 

HO—Si—O—Si—O—Si—OH 

I I I 

OH OH OH 

R RR 

I I I 

(iii) - H0=^i^^=©^i=-AD^-4^^ .. 

I I I 

iOHj iOHi iOHj 

inlo inio inio 

... I I I 

HO-ASi—O-^i-O—Si—OH 

I I I 

R R R 

R R R 

I I I . 

—O—Si—O—Si—O—Si—O— 

O O O 

I I I 

_0—Si—O—Si—O—Si—O— 

I I I 

R R R 

Cross linked silicone 

Cyclic (ring) silicones are formed when water is eliminated 
from the terminal —OH groups of linear silicones. 


R R 



Cyclic silicone 

/?3SiCl on hydrolysis forms only a dimer 

R^Si O £[ + OHl Si/?3-> R^Si—O—SiR^ 


Properties : (i) The lower silicones are oily liquids but 
higher members containing long chains or ring structures are 
waxy and rubber like solids. 

(ii) Silicones are stable towards heat. 

(iii) Chemical reagents have no action on silicones. 

(iv) These are non-toxic, 

(v) Viscosity of silicone oils remains the same at different 
temperatures. 

(vi) Silicones are good electrical insulators. 

(vii) These are water repellants. 

Uses l (i) Silicone oils are used for high temperature oil 
baths, high vacuum pumps and low temperature lubrication. 

(ii) These are used in making water-proof cloth and paper 
by exposing cloth or paper to the silicone vapour. 

(iii) These are used as insulating materials for electric 
motors and other electrical appliances. 

(iv) These are mixed with paints and enamels to make them 
resistant to the effects of high temperature, sunlight, chemicals- 
and damp. 

(v) These are used in making vaseline like greases which 
are used as lubricants in aeroplanes. 

(vi) Silicone-rubbers are useful as they retain their elasticity 
over a range of temperatures. 

» 4. Silicates 

Silicates are metal derivatives of silicic acid, H4Si04 or 
Si(OH)4. Silicates are formed by heating metal oxide or metal 
carbonates with sand, e.g., 

Na2C03 with sand ^ ^^48104, Na2(Si03)„, etc. 



Silicates have basic unit of SiO^, each silicon atom is 
bonded with four oxide ions tetrahedrally. 


There are following types of silicates: 

(i) Orthosilicates : These silicates contain single discrete 
unit of SiO^ tetrahedra, 

e.g.. Zircon ZrSi04; Forsterite or Olivine Mg2Si04 
Phenacite Be2Si04; Willemite Zn2Si04 

(ii) Pyrosilicates : These silicates contain two units of 
SiO^ joined along a comer containing oxygen atom. These 
are also called as island silicates. 


Cl 

I 

(i) RSi—C\ 
Cl 


3H2O ^ 
-3HC1^ 
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e.g., Xhortveitite 802(81207); 

Hemimorphite Zn3(8i207)Zn(0H)2*H20 

(Ui) Cyclic structure s Cyclic or ring silicates have 
general .formiila (SiOa”)^ pr (Si03)«^^~ . . 


Structure and example of cyclic silicates containing 
Si30^ and SigOU™ ions are given below : 



e.g,, Beryl Be3Al2Si^Oig ; Benitoite BaTiSi309 
Wollastonite Ca3Si309; Catapleite Na2ZrSi309-2H20 
(iv) Chain silicates : Chain silicates are formed by sharing 
two oxygen atoms by each tetrahedra. Anions of chain silicate 
have two general formulae, 

(a) (SiOa)^”-- (b) (Si40n)fr 




e.g., Synthetic silicates Li2Si03, Na2Si03; 
Spodumene LiAl(Si03)2; 

Jadeite NaAl(Si03)2; 

Enstatite MgSi03 ; 

Diopside CaMg(Si03)2; 

Tremolite Ca2Mg5(Si40i 1 )2(OH)2 

(v) Two dimensional sheet silicates : In such silicates, 
three oxygen atoms of each tetrahedra are shared with adjacent 
SiO^ tetrahedra, such sharing forms two dimensional sheet 
structure with general formula (81205) 



Talc Mg(Si205)2Mg(0H)2 
Kaolin Al2(0H)4(Si205) 


(vi) TOrei dimensional sheet silicates : These silicat^ 
involve all four oxygen atoms in sharing with adjacent Si04 
tetrahedra. 

e.g., Quartz, Tridymite, Crystobalite, Feldspars, Zeolites 
and Ultramarines. 

Zeolites are a class of three dimensional aluminosilicates. 
They carry a negative charge on aluminosilicate framework 
which is compensated by neighbouring alkali-metal or alkaline- 
earth cations. .They possess open ^structures consisting of 
polyhedra cavities of uniform size and shape. Most zeolites 
(natural or synthetic) accommodate water molecules in their 
cavities, where they provide a mobile phase for the migration 
of the charge-compensating cations. This enables zeolites to 
serve as ion - exchange materials and is the key to their ability 
to soften water. 

When hard water is passed through a column packed with a 
zeolite, the calcium and magnesium ions exchange with the 
s(xiium ions, 

2 NaZ(s) + C&^*iaq.) ^ CaZ2(s) + 2 Na+(a^.) 

When the ion exchange capacity of the zeolite is exhausted, 
this reaction can be reversed by posing a concentrated solution 
of sodium chloride through the zeolite to regenerate it in the 
sodium form. 
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n 5. Glass 

Glass is a transparent or translucent amorphous supercooled 
solid solution of silicates and borates.The most common 
silicates present are those of potassium, calcium and lead. Its 
composition is variable as it is not a true compound. 

An approximate formula for ordinary glass may be given as, 
i?20M0‘6Si02 

where i? = Na or K and M = Ca, Ba, Zn or Pb. 

Si02 may be replaced by AI2O3, B2O3, P2O5. When glass 
is heated, it does not melt at a fixed temperature. However, it 
gradually softens and can be moulded into any desired shape. 
It is the property of glass which makes it a useful material for 
making articles of different shapes. Glass melts into a liquid at 
a very high temperature. 

Raw materials : Following are the main raw materials 
used in the manufacture of glass : 

(a) Acidic opdes i A number of acidic oxides are, iijsed.. The 
choice depends upon the quality of glass to be manufactured. 

(i) Silica: Sand of uniform size is used, Le,, neither too 
fine nor too coarse. Fine variety makes the reaction violent 
while coarse variety slows down the reaction. It should be free 
from iron oxide and organic matter. 

(ii) Boron trioxide, B 2 O 3 : This is introduced in the form 
of boric acid or borax. It is used when a glass of low 
coefficient of expansion is required. 

(lii) Phosphorus pentoxide, P 2 OS : It is introduced in 
the form of calcium phosphate. It is used when opalescent 
glass is requimd, 

(b) Basic oxides: One or more of the following basic 
oxides are used: 

Lithium, sodium, potassium, calcium, barium, magnesium, 
lead and zinc oxides. Sodium is introduced in the form of 
sodium carbonate (Na2C03), sodium nitrate (NaNOs) or sodium 
sulphate (Na2S04) and carbon mixture. Potassium is added as 
potassium carbonate (K2CO3) or potassium nitrate (KNO3). 
Calcium is added as CaCOa or CaO. Barium is put in as BaG03. 
Magnesium is added as MgG03. Lead oxides are put in as such. 
Zinc oxide is used when heat resistant glass is to be obtained. 

(c) Colouring materials : Coloumd glasses are obtained 
by adding certain metallic oxides or salts in the fused mass. 
The following is the list of various substances used for 
imparting a particular colour to the glass. 


Substance 

Colour imparted 

Ferric oxide 

Yellow 

Ghromic oxide 

Green 

Gobalt oxide 

Blue 

Selenium metal 

Red 

Manganese oxide 

Purple 

Guprous oxide 

Red 

Gadmium sulphide 
Nickel oxide, 1 

Yellow 

Gobalt oxide, r 

Manganese oxide j 

Black 
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Manufacturt: The raw materials used in the manufacture 
of glass depend on the variety of glass. For ordinary glass, the 
raw materials are sand, washing soda and limestone. These are 
ground separately and mixed in the proper proportion, Le., in 
the ratio of 100 : 35 : 15 . The mixture is known as '‘batch”. 
Broken glass pieces known as “cullet” are added to the mixture 
of raw materials. Gullet melts at low temperature and helps in 
melting the rest of charge at low temperature. 

The charge is fused now either in a pot or tank furnace at 
about This temperature is obtained by burning 

producer gas. Both the furnaces work on the regenerative 
system of heat economy. A tank furnace is used where the 
output expected is large but where the highest quality of 
glass is desired, the pot furnace is used. In tank furnace, the 
process is continuous while in pot furnace the process is 
discontinuous. 

Pot furnaca : A pot is a large monkey shaped crucible 

of the type given in Fig. 9 . 6 ; In a pot furnace a number of such- 

pots are arranged in a circle. These are heated by burning 
producer gas. 



Air + Fuel Fuel gases 

gases 


Fig. 9.6 Pot furnace 

Tank furnace : It is a large rectangular clay tank in 
which raw materials are fused. It is also heated by producer 
gas (Fig. 9 . 7 ). 



Rg. 9.7 Tank furnace 
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The fi^e silica decomposes the carbonates, setting the 
evolution of CO2. 

Na2C03 + Si02-^ Na2Si03 + CO2 

CaCOs + Si02-> CaSiOa + CO2 

At silica also dissolves in the silicates of sodium and 

calcium. 

Na 2 Si 03 + CaSiOs + 4Si02-> N^2^iOrCaSlOy4S\02 

Glass 

The heating is continued till bubbles of CO2 no longer rise 
and the mass melts to a clear liquid. The clear viscous liquid 
is then poured into moulds or stamped with dies to produce 
desired articles. 

Annealing : The glass if cooled rapidly becomes brittle 
and fragile. The articles of glass are cooled neither very slowly 
nor very rapidly. These are made to pass through a long tunnel 
like furnace which is very hot at the mouth end and very cold; 
at the tail end, Le,, the articles are cooled gradually during 
passage through the tunnel. This process is termed as 
annealing and takes several days for completion. 

The articles so cooled require some finishing such as 
cutting, grinding, polishing, etc. Only the finished products are 
sold in the market. 

Varieties of glass: 

By varying the composition of batch, several varieties of 
glass are obtained. Some of the varieties are the following: 

(I) Soda glass or soft pass : It is a mixture of sodium 
and calcium silicates. It is a cheap variety. It softens at a 
comparatively low temperature and can be easily shaped into 
different forms. It is used in making glass tubes, window 
panes, bottles, dishes, etc. 

(ii) Potash glass or hard glass : It is a mixture of 
potassium and calcium silicates. It fuses with difficulty. It is 
more resistant to the action of water and acids. It is used for 
making hard glass apparatus. 

(iii) Flint pass : It is a mixture of potassium and lead 
silicates. It has a very high refractive index and is used for 
making electric bulbs and optical instruments. 

(iv) Jena pass : It is a mixture of zinc and barium 
borosilicates. It is resistant to heat, shock and common 
reagents. It is used for making good quality of glasswares, 

(v) Pyrex pass : It is a mixture of zinc, barium 
borosilicates and alumino silicates. It is similar to jena glass in 
properties. It can withstand sudden changes in temperature 
and is highly suitable for laboratory glassware and oven 
glassware. Its approximate composition is : silica 80 %, Na20 
4 %, CaO 0 . 5 %, K2O 0 . 5 %, B2O3 12 %, AI2O3 3 %. 

(vi) Crwke’s glass : It is a special ty pe of glass containing 
cerium oxide. It does not allow the passage of ultraviolet rays. 
It is used for making lenses. 
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Etching of glass: 

Glass is attacked by hydrofluoric acid. This property is 
used in the etching of glass. 

The glass to be etched is coated with a thin layer of wax and 
the design to be produced is scratched with a needle or stylus. 
An aqueous solution of hydrofluoric acid is applied to the 
ex{X)sed part. After sometime it is placed in water and wax is 
removed from the surface. The marks are engraved on the 
exposed parts. 



Occurrence : Tin does not occur free in nature. The most 
important ore is cassiterite, Sn02, which is also known as tin 
stone. The ore is usually associated with siliceous matter, 
tungstates of iron (FeW04) and manganese (MnW04). It also 
exists along with the pyrites of copper, iron and zinc. 

Extraction : Tin is extracted from cassiterite oteT" 1 ^e' 
extraction involves the following steps: 

(a) Concentration : The ore is crushed and powdered. It 
is washed with running water which removes lighter siliceous 
matter. Iron tungstate is removed by electromagnetic separator. 
The ore is now roasted in a current of air to remove sulphur 
and arsenic as SO2 and AS2O3, respectively. 

(b) Smelting: The roasted ore is mixed with about one 
fifth its mass of powdered anthracite (carbon) and a little 
limestone (flux). The mixture is subjected to heat in a 
reverberatory furnace when tin oxide is reduced to tin metal. 
The liquid metal is drawn off from the furnace. 

Sn02 + 2 C-> Sn + 2 CO 

The crude tin metal contains a number of impurities. It is 
further purified by liquation and poling. The crude metal is 
heated gently on the sloping hearth of reverberatory furnace. 
The tin metal flows down leaving behind iron, copper, 
tungsten, etc. The molten metal is now stirred with a gr^n 
wood pole whereby impurities like S, As are oxidised, and any 
tin oxide formed is reduced by the hydrocarbons of wood. 

Properties : (i) Tin is a silvery white metal. It melts at 
232 ''C and boils at 2270 ''C. It is not affected by air. 

(ii) It is malleable and ductile but at 2 Dfr^C, it becomes brittle 
and can be powdered. 

(iii) It produces a peculiar sound whenever it is bent. The 
cracking sound is known as finery. 

(iv) It exists in three allotropic forms. White tin is the 
common and most stable. 

Grey v '' =.— White Rhombic 

Density 5.74 . 7.32 6.55 

The conversion of white tin to grey tin in cold countries is 
accompanied by decrease in density, te., increase in volume. 
It is very brittle and easily comes into powdered form. This is 
termed as tin disease or tin pest or tin plague. 
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(v) Tin is much less reactive than the metals of group lA, 
IIA and IIIA. When heated in presence of oxygen at 1500 “ 16 (WC, 
it bums with bright flame forming stannic oxide, SnOi^ 

Sn + O 2 Sn02 

It is not attacked by water. Molten tin decomposes steam 
with liberation of hydrogen. 

(vi) Tin is not attacked by organic acids. This property is 
utilised for tinning cooking utensils made of copper or brass. 
It dissolves slowly in dil. HCl but readily in cone. HCL 

Sn + 2 HC 1 -> SnCl2 + H2 

It dissolves in dil H2SOI as well as in cone. H2SO4. 

Sn + H2S04(diL)-> SnS04 + H2 

Sn + 4H2S04(conc.)-> Sn(S04)2 + 2SO2 ^ 4H2O 

Dilute HNO3 dissolves tin with the formation of ammonium 
nitrate. 

4 [Sn + 2HNO3 —^ Sn(N03)2 + 2 H] 

HNO3 + 8H-> NH3 + 3H2O 

NH3 + HNO3 —^ NH4NO3 

4 Sn+ IOHNO3-»4Sn(N03)2 + NH4NO3 + 3H2O 

Cone. HNO3 oxidises Sn into metastannic acid. 

2 [ 2 HN 03 -> H2O + 2NO2 + O] 

Sn + 20 + H2O-> H2Sn03 

Sn + 4HNO3-> H2Sn03 + 4NO2 + H2O 

(vii) Tin dissolves in hot alkali solutions forming stannates. 

Sn + 2 NaOH + H2O-> Na2Sn03 + 2H2 

(viii) Tin directly combines with halogens and sulphur. 

Sn + 2CI2-> SnCl4 (Stannic chloride) 

Sn + 2 S-> SnS2 (Stannic sulphide) 

Uses : (i) The metal is extensively used in tinning brass 
utensils. Organic acids present in the food stuff attack the 
utensils which are made of copper, brass, etc. This may cause 
food poisoning. The utensils are protected by tinning, i.e., 
depositing a thin layer of tin on the surface of utensils. The 
vessel to be tinned is perfectly cleaned and heated. A pinch of 
NH4CI is sprinkled to remove the oxide film. A little tin is now 
fused on the clean surface and then rubbed over with the help 
of cotton rag to have a uniform layer, 

(ii) It is largely used in forming a protective coating over 
iron. The process of depositing tin over the sheets of iron or 
steel is called tin plating. Tin plating is done either mechanically 
or electiieally. 

(iii) Tin in the form of tin foil is used for wrapping cigarettes, 
confectionary and for making the tooth-paste tubes. 

(iv) Tin amalgam is used in making minors. 

(v) It is used for making useful alloys. 


Name 

(i) Solder 

(ii) Rose metal 

(iii) Bronze 

(iv) Bell metal 

(v) Type metal 

(vi) Britannia metal 


Compositimi Uses 


Sn 67%, Pb 33% 

Sn 28%, Pb 22%, Bi 50% 
Cu 75-90%, Sn 25-10% 

Cu 80%, Sn 20% 

Sn 3%, Pb 82%, Sb 15% 
Sn 86%, Sb 12%, Cu 2% 


in soldering 
for electric fuses 
for utensils, statues 
and coils 
bells and gongs 
printing types 
cheap table ware 


9^ COMPOUNDS OF TIN 
^ 1. Stannous Oxide, SnO 


Preparation : (a) It is prepared from stannous chloride 
by following methods. 

(i) Sodium hydroxide is added to stannous chloride. The 
stannous hydroxide thus formed is heated in an atmosphere of 
CO2 when stannous oxide is formed. 

SnCl2 + 2 NaOH-> Sn(OH)2 + 2 NaCl — 

Sn(OH )2 .> SnO + H 2 O 

(ii) A mixture of solid stannous chloride and sodium 
carbonate is heated in atmosphere of CO2, when stannous 
oxide is formed. 

SnCl2 + NaaCOs-^ SnO + CO2 + 2 NaCl 

(b) It may also be prepared by heating stannous oxalate in 
absence of air. 

Sn(COO)2-> SnO + CO + CO2 

Properties : (i) It is a dark grey or black powder. It is 
insoluble in water. 

(ii) It bums in air with incandescence forming stannic 
oxide, Sn02. 

2 SnO + O2-> 2Sn02 

(iii) It is an amphoteric oxide. It dissolves both in acids and 
alkalies. 

SnO + 2 HC 1 -> SnCl2 + H2O 

Stannous 

chloride 

SnO + 2NaOH-» Na2Sn02 + H 2 O 

Sod, stannite 


Stannites are known only in aqueous solutions, Stannites 
absorb oxygen from air and oxidised to stannates which are 
stable in nature. 

2Na2Sn02 + O2-> 2Na2Sn03 

Sod, stannate 


2. Stannic Oxide, Sn02 

It is found in nature as cassiterite or tin stone. 
Preparation : It may be prepared by heating tin in air or 
by heating metastannic acid which is obtained hv ’-eacting tin 
with concentrated nitric acid. 

Sn + O2-^ Sn02 

Sn + 4HNO3-^ H2Sn03 + 4NO2 + H2O 
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H2Sn03-^ Sn02 + H2O 

Metastannic acid 

Properties : it is a white powder, insoluble in water. It 
is somewhat unreactive. However, it dissolves in cone. H2SO4 
forming stannic sulphate. 

Sn02 + 2H2SO4-> Sn(S 04)2 + 2H2O 

When the solution is diluted, stannic oxide is reprecipitated. 

Sn(S04)2 + 2H2O-> Sn02 + 2H2SO4 

It readily dissolves in alkalies forming stannates. 

Sn 02 + 2 KOH-> K 2 Sn 03 + H2O 

Stannates are used as mordants in dyeing. It is used in the 
manufacture of pottery and glass in the form of white glazes. 

^ 3. Stannous Chloride, SnCIa 

Preparation ; (i) Hydrated stannous chloride SnCl2-2H20 
is prepared by dissolving tin in hot concentrated hydrochloric 
acid and subjecting the solution to crystallisation. 

Sn + 2 HC 1 -> SnCl2 + H2 

Hydrated stannous chloride consists of two molecules of 
water as water of crystallisation, i.e., SnCl2-2H20. 

Anhydrous salt cannot be obtained by heating the hydrated 
salt as it undergoes hydrolysis and a white solid of tin hydroxy 
chloride is formed. 

SnCl2-2H20-> Sn(OH)Cl + HCl + H2O 

(ii) Anhydrous stannous chloride is formed when dry HCl 
gas is passed over hot tin. 

Sn + 2 HC 1 (gas)-> SnCl2 + H2 

It can also be obtained when a mixture of Sn and calculated 
quantity of mercuric chloride is heated. 

Sn + HgCl2-> SnCl2 + Hg 

Properties : (i) It is a white crystalline solid. It is soluble 
in water, alcohol and ether. 

(ii) In water, it is soon hydrolysed. However in presence of 
HCl (acid), hydrolysis is reversed. 

(iii) It forms a white precipitate with alkalies. The 
precipitate of stannous hydroxide, however, dissolves in 
excess of alkali. 

SnCl2 + 2 NaOH-> Sn(OH)2 + 2 NaCl 

Sn(OH)2 + 2 NaOH-> Na2Sn02 + 2H2O 

Sodium stannite 

(iv) It forms a dark brown precipitate of stannous sulphide 
on passing H2S through its solution. The precipitate dissolves 
in yellow ammonium sulphide. 

SnCl2 + H2S-> SnS + 2 HC 1 

SnS + (NH4)2S2-> (NH4)2SnS3 

Yellow ammonium Ammonium thio- 

sulphide slannate 
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(v) It is a strong reducing agent Few examples are given 
below: 

(a) It reduces mercuric chloride to mercurous chloride 
(white ppt.) and finally to metallic mercury (dark grey or black). 

2 HgCl 2 + SnCl2-> Hg2Cl2 + SnCk 

Mercurous cMoride 

Hg2Cl2 + SnCl2-^ 2 Hg + SnCl4 

(b) It reduces ferric salts to ferrous salts and cupric salts 
into cuprous salts. 

2FeCl3 + SnCl2-^ 2FeCl2 + SnCl4 

2CuCl2 + SnCl2-^ 2 CuCl + SnCl4 

(c) It decolourises iodine and thus can be titrated with it. 

SnCl2 + 2 HC 1 + I2-> SnCl4 + 2 HI 

(d) Organic nitro compounds are reduced to amino 
compounds. 

C6H5NO2 + 6 HC 1 + SSnCla-^ C6H5NH2 + 3SnCl4-f2H20 

Nitrobenzene Aniline 

(e) It reduces gold chloride to metallic gold. 

2 AUCI 3 + 3 SnCl 2 -^ 2Au + 3 SnCl 4 

Colloidal gold 

SnCl4 undergoes hydrolysis forming stannic acid which 
absorbs colloidal particles of gold and thus forms purple of 
Cassius, 

Uses : It is used: (i) as a reducing agent, 

(ii) for making purple of cassius. Purple of cassius is used 
for colouring glass and pottery, 

(iii) as a mordant in dyeing. 

» 4 . Stannic Chloride, SnC^ 

It is prepared by passing dry chlorine over fused tin in a 
retort. The vapours of stannic chloride are condensed in water 
cooled receiver. 

Sn + 2Cl2^-> SnCl4 

Properties : (i) It is a colourless fuming liquid having 
disagreeable smell. 

(ii) It is hygroscopic and forms crystalline hydrates 
containing 3 , 5 , 6 and 8 molecules of water as water of 
crystallisation. The pentahydrate SnCl4*5H20, is known as 
*%utter of tin’’ or “oxymuriate of tin”. 

(iii) It is soluble in water in which it undergoes hydrolysis. 

SnCl4 + 4H2O-> Sn(OH)4 + 4 HC 1 

It is also soluble in organic solvents showing that it is a 
covalent compound. 

(iv) It dissolves in cone. HCl forming chlorostannic acid. In 
presence of ammonium chloride, it forms ammonium salt of 
this acid. 

SnCl4 + 2 HC 1 -> H2SnCl6 

Chlorostannic acid 

SnCl4 + 2NH4Cl^-> (NH4)2SnCl6 

Ammonium chlorostannate 
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waste gases 


Air blast main 


Slag hole 


Tapping hole 


The slag and molten metal are drawn out from the furnace. 

(iii) Piirificatioil : The lead obtained by any of the above 
two processes contains Bi, Sb, Cu, Fe, Ag, etc., as impurities. 

The removal of these impurities is done by the following 
processes : \ 

(i) Softening pro- i . i \ 

cess: This process ^ Charging pipe 

removes the base 
metals. The impure 
metal is melted on the 
shallow hearth of the 
reverberatory furnace 
and a current of air is 
circulated. The base 
metals are oxidi^d and 
come on the surface 
of the molten mass as 
scum which is 
removed. 1^ 

(ii) Desilverisa- 

tion ; The removal 
of silver is done by 
Parke's process or 
Pattinson s process. » 

(iii) Electrolytic Pig 911 91331 furnace 

reBiiii^:Desilverised 

lead is further purified by BetPs electrolytic method. It consists 
of impure lead as anode and pure lead as cathode while lead 
silico fluoride, PbSiFg, acts as an electrolyte. This contains 
8 to 12% hydrofluosilicic acid (H2SiF^) and a little gelatin. 

On passing current, pure lead is deposited on the cathode, 
the less electropositive impurities like Ag, Au, Sb, etc., collect 
below anode as anodic mud while more electro|K)sitive 
impurities like Fe, Zn, Ni, etc., go into the solution. 

Properttes: (i) It is a bluish grey metal. It has bright 
metallic lustre when freshly cut. It is soft in nature and can be cut 
with knife. It is a heavy metal (sp. gr. 11 , 35 ). It melts at 327 °C, 

(ii) It leaves a black mark on paper. 

(iii) It is malleable but not ductile. 

(iv) It is poor conductor of electricity. 

(v) It is not attacked by dry air but affected by moist air 
with the formation of a thin film of basic carbonate on its 
surface which prevents the ftirther action. 

(vi) When heated in air or oxygen, it forms lead monoxide 
which changes to red lead. 

2 Pb + 02-^^ 2 PbO (Litharge) 

Hightemp- ^ 


Fig. 9.11 Blast furnace 


6PbO + O2 


‘ 2Pb304 (Red lead) 


(vii) It is not affected by pure water except at the boiling 
point. It dissolves slowly in water contaming dissolved oxygen. 

2 Pb + 2H2O + O2-> 2 Pb(OH )2 

The dissolution of lead in water is known as plumbo- 
solvency. The value of plumbosolvency increases if the water 
contains nitrates, organic acids and ammonium salts.The 
presence of soluble sulphates, phosphates, carbonates, etc., 
decrease the dissolution of lead due to formation of a protective 
thin layer of insoluble lead salts. Lead pipes are often used for 
conveying drinking water. In order to minimise the dissolution 
of lead in the form of lead salts which are poisonous, hard 
water is first passed through lead pipes as to deposit the 
protective film on the inner surface of the pipes. 

(vai) Reaction iwth acids ; Dilute HCl and H2SO4 have 
practically no action on lead. Lead dissolves in hot cone. HCl 
with evolution of hydrogen. 

3 [Pb + 2 HN 03 (diL)-> 2 Pb(N 03)2 + 2 H] 

2 [HN 03 + 3 H-> NO + 2H2O] 

3 Pb + 8 HN 03 (diL)—^ 3 Pb(N 03)2 + 2 NO + 4H2O 
Pb + 2HN03(conc.) ^ Pb(N03)2 + 2 H 
2[HN03 + H ^ NO2 + H2O] 

Pb + 4HN03(conc.) Pb(N03)2 + 2NO2 + 2H2O 
Organic acids dissolve lead in presence of oxygen. 

Pb + 2GH3COOH +i02 ^^PbCCHjCOOz + H2O 

Hot cone. H2SO4 dissolves lead with evolution of SO2 but tbe 
reaction becomes slower due to formation of insoluble PbS04. 

Pb + 2H2SO4 —4 PbS 04 + SO2 + 2H2O 

HNO3 is tbe best solvent for lead. With dil, HNO3, NO is 
evolved while with cone. HNO3, NO2 is liberated. 

(ix) Reaction with NaOH: Lead dissolves in NaOH 
forming sodium plumbite with evolution of hydrogen. 

Pb + 2 NaOH->Na2Pb02 + H2 

(x) Reaction with non-metals : Lead directly combines 
with sulphur and halogens. 

Pb + S-> PbS 

Pb + 2CI2 —4 PbCl4 

Uses: Lead is used : 

(i) for making chambers used in the manufacture of H2SO4. 

(ii) for making pipes for carrying water. 

(iii) for making telegraph and telephone wires which are to 
be buried in earth. 

(iv) in making bullets and lead accumulators. 

(v) in the preparation of lead pigments. 

(vi) in making useful alloys such as solder, type metal, 

pewter, etc. 
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FLOW SHEET FOR THE EXTRACTION OF LEAD AND FORMATION OF VARIOUS COMPOUNDS 

Galena ore 

^ Concentration by froth floatation process 
Reduction 


Air reduction process 

i 

Fmod in reverberatory furnace 

in presence of air 

PbS-> PbO and PbS04 

4 

Mixed with more of galena and 
heated at higher temperature 

' ^ 

PbO and PbS04 are reduced by 
PbS into lead metal 


Carbon reduction process 

The ore is mixed with lime and 
heated in Sinterer 
PbS-> PbO 

Mixed with C and CaO 
and smelted in blast furnace 

Crude lead 


Crude metal 


Pb 304 ^ 


High temp. 
400"~500X 


Heat in 
air or oxygen 


CH3COOH 


Qy(CH3COO)2Pb 


Purified 

Pure Lead Metal 


PbCr04 

(Chrome yellow) 


Pb + 2 HC 1 
PbCla + 2 HC 1 


PbCr 04 Pb 0 

Chrome red 

—> PbCl 2 + H2 

-> H 2 PbCl 4 

Chloroplumbous add 


\ 

\9 ■2' 


\ \o 

A 9 X 9 

^o\ 


9^9 COMPOUNDS OF LEAD 
a 1. Lead Monoxide, PbO 

It is known in two forms: 

(i) a yellow powder commonly known as massicot and 

(ii) a buff coloured crystalline form known as litharge. 
Preparation : It is obtained by heating lead or lead 

sulphide in air at 300 °C (massicot form). When the temperature 
of oxidation kept 900 , litharge is formed. 

2 Pb + 02 -> 2 PbO 

2 PbS + 3O2-> 2 PbO + 2SO2 

It is also formed by heating lead nitrate or lead carbonate. 

2 Pb(N 03)2 -> 2 PbO + 4NO2 + O2 

PbCOs-> PbO + CO2 


PbCl4 \ ^\ 

Pb(N 03 ) 2 \ 

Na 2 Pb 02 


2PbC03-Pb(0H)2 

White lead 


Properties : It is insoluble in water. It is an amphoteric 
oxide. It dissolves in acids and alkalies both. 


PbO + 2HNO3 
PbO + 2 NaOH 


Pb(N03)2 + H 2 O 
Na2Pb02 + H 2 O 


On heating in air at 470 °C, it forms red lead. 


6PbO + O7 


2Pb304 (red lead) 


Uses : It is used for making glass, paints and varnishes. 
The mixture of massicot and glycerine is used as a cement for 
glass and pottery, PbO is used for making other lead compounds. 

2. Red Lead (Minium or SIndhur), Pb 304 

Preparation : It is obtained by heating litharge at 470 °C 


6PbO + O2 2 Pb 304 
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Properties : It is a red powder, insoluble in water. When 
heated, it becomes almost black but it again becomes red on 
cooling. On heating above 470 °C, it decomposes into PbO and 

02. 

2 Pb 304 -> 6PbO + O2 

When treated with cone. HNO3, lead nitrate and brownish 
black insoluble oxide, PbOa, are formed. This indicates that 
Pb304 is a compound oxide containing both Pb02 and PbO in 
the ratio of 1 : 2. 

Pb304 + 4HNO3 —^ 2Pb(N03)2 + Pb02 + 2H2O 

With H2SO4, it evolves oxygen. 

2Pb304 + 6H2SO4-> 6PbS04 + 6H2O + O2 

It acts as an oxidising agent. 

Pb 304 + 8 HC 1 -> 3 PbCl 2 + 4H2O + CI2 

Pb 304 + 4 C-^ 3 Pb + 4 CO 

Pb 304 + 4 CO-> 3 Pb + 4CO2 

Uses : It is used : 

(i) as a red pigment. 

(ii) in glass industry. 

(iii) for making protective paint for iron and steel. 

(iv) in match industry as an oxidising agent. 

% 3. Lead Acetate (Sugar of Lead), 
(CH 3 COO) 2 Pb 

Preparation : it is prepared by dissolving lead oxide 
(litharge) or lead carbonate or basic lead carbonate in acetic 
acid ( 45 %) and crystallising the solution. 

PbO + 2GH3COOH-> (CH3COO)2Pb + H2O 

PbC03 + 2CH3COOH-^ (CH3COO)2Pb + CO2 + H2O 

2 PbC 03 Pb(0H)2 + 6CH3COOH -> 

3 (CH 3 COO) 2 Pb + 2CO2 + 4H2O 

Properties : (i) it is a white crystalline solid. It is soluble 
in water. Its solution has sweet taste and known as sugar of 
lead but it is poisonous in'nature. 

(ii) On heating, it decomposes to give acetone. 

(CH3COO)2Pb -> PbO + CO2 + CH3COCH3 

Acetone 

(iii) It forms a white precipitate of lead carbonate when 
treated with sodium bicarbonate. 

(CH3COO)2 Pb + 2NaHC03 -> PbC03 + 2CH3COONa 

+ CO2 + H2O 

(iv) It forms a white precipitate of basic lead carbonate 
when treated with a solution of sodium carbonate. 

3(CH3COO)2Pb + 3Na2C03 + H 2 O -> 

2 PbC 03 Pb( 0 H )2 + bCHsCOONa + CO 2 

Basic lead carbonate 
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(v) A black precipitate is obtained when H2S is passed 
through its solution. 

(CH3COO)2Pb + H2S -> PbS + 2CH3COOH 

Lead sulphide 
(black) 

(vi) A yellow precipitate of lead chromate is formed when 
potassium chromate solution is added. 

(CH3COO)2Pb + K2Cr04 -> PbCr04 + 2CH3COOK 

(vii) On addition of dil. HCl to a cold solution of lead 
acetate, a white precipitate of lead chloride appears.This 
precipitate is soluble in hot water. 

(CH3COO)2Pb + 2 HC 1 -> PbCl2 + 2CH3COOH 

(viii) The solution of lead acetate on boiling with litharge 
(PbO) forms basic lead acetate. 

(CH3COO)2Pb + PbO + H2O -—> Pb(OH)2Pb(CH3COO)2 

Basic lead acetate- 

Uses : It is used : 

(i) in the manufacture of chrome yellow and chrome red 
employed as lead pigments. 

(ii) as a mordant in dyeing and calicoprinting. 

(iii) for the manufacture of white lead. 

(iv) as a laboratory reagent for the test of sulphide and 
chloride ions. 

(v) in medicine for curing skin diseases. 

^ 4. Basic Lead Carbonate (White Lead) 
2PbC03Pb(0H)2 

White lead is manufactured by the application of the 
following three methods: 

(i) Dutch process, (ii) Carter’s process, (iii) Electrolytic 
process. 

1. Dutch process: This is the oldest method but 
it produces the best quality of white lead. It is a very slow 
method and takes about 6 to 8 weeks for the conversion of 
lead metal into white lead in the presence of acetic acid, carbon 
dioxide and moist air. 

Lead is melted and cast into the form of perforated discs, 
called buckles. A number of earthenware pots with shelves are 
taken in which vinegar or dilute acetic acid ( 3 %) is placed at 
their bottom. Buckles aie kept at the shelves of these earthenware 
pots. These pots are then arranged in rows. These are partly 
covered with wooden planks and the space in between the 
rows is fled by spent tanbark and horse dung (Fig. 9 . 12 ). 

The pots are allowed to remain in thiis position for about 6 
to 8 weeks. During this period, fermentation of tanbark and 
hoi^e dung occurs. This produces CO2 and heat energy which 
helps in the evaporation of acetic acid. The combined action 
of acetic acid vapours, carbon dioxide, air and moisture converts 
lead into white lead. The following chemical changes are 
supposed to take place. 



Elements of Group IVA or 14 {Elements of Carbon Family) 


Buckles 



2 Pb + 2H2O + O2-> 2 Pb(OH )2 

Pb(OH)2 + 2CH3COOH-> Pb(CH3COO)2 + 2H2O 

Pb(OH)2 + Pb(CH3COO)2 —^ Pb(CH3COO)2-Pb(OH)2 

Basic lead acetate 

3[Pb(CH3COO)2*Pb(OH)2] + 4C02 + 2 H 2 O-> 

2 [ 2 PbC 03 ’Pb( 0 H) 2 ] + 6CH3COOH 

White lead 

White lead is removed from unchanged lead and washed 
with water to remove soluble lead acetate. It is then dried. 

2 . Carter’s proc^: It is comparatively quicker process. 
This process is carried in wooden cylinders which are rotated. 
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Molten lead is first atomised by a jet of superheated steam or 
compressed air and brought in the wooden cylinders. A spray 
of acetic acid, carbon dioxide and air is blown into the cylinders 
(Fig. 9 . 13 ). 

The same chemical changes occur as in the Dutch process. 
The conversion takes place in 5-12 days. 

3, Electrolytic process : The electrolytic cell is divided 
into two compartments with the help of a porous diaphragm. 
The anodic compartment is filled with sodium acetate solution 
and contains anodes of lead plates, while cathodic compartment 
consists of cathodes of steel dipped into a solution of sodium 
carbonate. On passing electricity, lead of anode starts dissolving 
in the form of lead acetate, which meets with sodium carbonate 
to form white lead. 

CH3COONa CH3C00“ + Na^ 

Anode 

dissolves, Jead ... .. 

Pb(CH 3 COO )2 

3Pb(CH3COO)2 + 4Na2C03 + 2 H 2 O-> 

2 PbC 03 Pb(OH )2 + 2 NaHC 03 + 6CH3COONa 

White lead is washed with water and dried. 

Prop6rtl0S : It is white, heavy amorphous powder. It is 
insoluble in water. It is poisonous in nature. It is miscible with 
linseed oil. On heating to 430 ^^ 0 , it decomposes into red 
lead. 

2 PbC 03 Pb(OH)2-> Pb 304 + H2O + CO + CO2 

Red lead 

It is darkened in air due to formation of PbS. 

Uses: White lead mixed with linseed oil is used as a 
white paint. It has a large covering power. It is generally mixed 
with BaS04 which increases its property of brushing out without 
affecting its covering power. 

The main drawbacks to the use of white lead are that it 
becomes black if H2S is present in atmosphere and it is 
poisonous in nature. Vmous substitutes such as lithopone, 
titanium dioxide, sublimed white lead, etc., have been suggested. 
It is also used for the preparation of red lead and pottery glazes. 



' L A colourless solution contains a metal nitrate. 

A little solution of sodium chloride is added to it when a 
cloudy white precipitate appears. How you will ascertain about 
the metal ion? 

Solution: 

The chloride ions have combined with the metal ions to give 
the precipitate of a chloride as sodium nitrate is soluble. 

Metal nitrate + NaCl-> Metal chloride + NaN03 

(Insoluble) (Soluble) 


The metal chloride , may be PbCl2 or AgCl or Hg2Cl2.The 
following tests can be used to ascertain the metal chloride. 

(i) If the precipitate dissolves in hot water, it is PbCl2. 

(ii) If the precipitate dissolves in NH4OH, it is AgCL 

(iii) If the precipitate turns black with NH4OH, it is Hg2Cl2. 

2. (a) If you have to dissolve lead {IT) oxide., 
PbO, which acid you will choose? 

(b) Explain why the reactions with hydrochloric acid and 
sulphur dioxide show the oxidising nature of PbOi^ 
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, (c) Predict the result of reacting Pb204 with concentrated 
hydrochloric acid. [M.L.N.R. 1992] 

Solution: 

(a) Nitric acid. This is because lead nitrate formed is soluble • 
in water. If H2SO4 is used, an insoluble layer of PbS04 is 
deposited on the surface of powder and prevents the further 
reaction. Likewise, PbCl2 prevents the reaction with HCI. 

IV II 

(b) Pb 02 + 4 HCI —^ PbCla + CI2 + 2H2O 

IV II 

Pb02 + SO 2 -> PbS 04 

In above reactions, lead changes fiom lead (TV) to lead (II), 
Le., gain of electrons. 

Pb^^ + 2 e -> Pb^-" 

Thus, Pb02 acts as oxidising agent as it oxidises HCI and 

SO2. 

(c) Ph304 is considered to possess PbO and Pb02* Pb02 
acts Bs an oxidising agent. Thus, PbCl2 and CI2 are formed, 

Pb 304 -> 3 PbO + O 

2 HC 1 + 0 -> H2O + CI2 

[PbO + 2 HC 1 -—^ PbCl2 + H2O] X 3 

Pb 304 + 8 HC 1 3 PbCl 2 + CI2 + 4H2O 

f Exami^ X Explain the following: 

(i) The first ionisation energy of carbon atom is greater than 
that of boron atom whereas the reverse is true for second 
ionisation energy 

(ii) iSiHf)^N is a weaker base than (CHf)3N. [LLT. 1995] 

(ill) Diamond is very hard while graphite is soft, 

(LLX 1993] 

(iv) CO2 is a gas while silica is a solid. 

(v) Solid carbon dioxide is known as dry ice. 

Solution: 

(i) The first ionisation energy of carbon (l/, 2 s^ Ipjlpy) 
is higher than boron (l/, 2 s^ 2 px) as the nuclear charge in 
carbon is higher than boron (At. no. C = 6; B = 5 ). 

The second ionisation energy of carbon is less than that of 
boron because in carbon the second electron is to remove 
from 2/?-orbital while in boron the second electron is to be 
removed from paired 2s-orbital which requires higher energy 
in comparison to singly occupied p-orbital. 

(ii) In (SiH3)3 N»th^ lone pair of electrons on nitrogen is 
involved in pn — d% back bonding, while such bonding is not 
possible in (CH3)3 N. as d-orbitals are not present in carbon. 
Hence, die lone pair of electrons on nitrogen in (CH3)3 N is 
available for donation to Lewis acids, diereby acting as stronger 
base. 

(iii) Diamond has giant three dimensional polymeric structure 
in which each carbon is sp^ hybridized and linked to four 
carbon atoms. This structure makes diamond as hardest. On 


account of small radii of carbon atoms, the various atoms are 
closely packed in the crystal lattice. Graphite possesses layer 
structure in which each carbon atom is sp^ hybridized. There 
is wide separation between various layers. One layer can slide 
easily on the other. This makes graphite soft in nature. 

(iv) In carbon dioxide discrete molecules are present. In 
each molecule carbon is linked with two oxygen atoms by 
double bonds ( 0 =C= 0 ), while silica possesses a giant three 
dimensional structure in which each silicon is linked with four 
oxygen atoms tetrahedrally and each oxygen is linked with two 
silicon atoms. 

I 

O 

I I I 

——O—, 3 i—O—Si— 

I I I 

o 

1 

. Thk structure is extremely stable and considerable energy— 
is required to break Si—O bond. Thus, CO2 is a gas and silica 
is a solid. 

(v) When solid CO2 evaporates, it changes to the gaseous 
state without coming to the liquid state. It produces cooling 
during evaporation. It is, therefore, known as dry ice. 

} ^Ssample 4 * Write the formulae of the following 
compounds: 


(a) Butter of tin 

(b) White lead 

(c) Red lead 

(d) Sugar of lead 

(e) Litharge 

(/) Carborundum 

(g) Phosgene 

(h) Chrome yellow 

(i) Water glass 

Solution: 

(j) Drykold 

(a) SnCl 4 * 5 H 20 

(Stannic chloride) 

(b) 2PbC03 Pb( 0 H )2 

(Basic lead carbonate) 

(c) Pb304 

(Trilead tetra-oxide) 

(d) Pb(CH 3 COO )2 

(Lead acetote) 

(e) PbO 

(Lead monoxide) 

(f) SiC 

(Silicon carbide) 

(g) COCI2 

(Garbonyl chloride) 

(h) PbCr04 

(Lead chromate) 

(i) Na2Si03 

(Sodium silicate) 

(j) CO2 

(Carbon dioxide in solid state) 

Example 5 . An aqueous 

solution of a salt (A) gives a 


white precipitate (B) with sodium chloride solution. The 
filtrate gives a black precipitate (Q when H2S is passed into 
it. Compound (B) dissolves in hot water and the solution gives 
a yellow precipitate (D) on treatment with sodium iodide. The 
compound (A) does not give any gas with dilute HCI but 
liberates a reddish brown gas on heating. Identify the 
compounds (A) to iP). 

Solution: 

Since the crystalline compound {B) dissolves in hot water 
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and gives a yellow precipitate with Nal, it should be lead 
chloride, PbCl2 and the solution (A) consists a lead salt. 

PbCE + 2NaI-> Fhh + 2NaCl 

(B) m 

The compound (A) does not give any gas with dilute HQ 
but liberates a reddish brown gas on heating, it should be lead 
nitrate, Pb(N03)2. 

2Pb(N03)2 -> 2PbO + 2NO2 + O2 

(A) Reddish brown gas 

Lead chloride is sparingly soluble in water. When H2S is 
passed, it gives a black precipitate of lead sulphide, PbS. 
PbCl2 + H2S-^PbS + 2HCl 

Black 

(Q 

Thus, (A) is lead nitrate, Pb(N03)2, 

(B) is lead chloride, PbCl2, 

(C) is lead sulphide, PbS, 

and (D) is lead iodide, Pbl2. 

|;fExaiiiple 6. (i) Indicate the principal ingredients of the 
following: 

(a) Coal gas (b) Producer gas (c) Water gas. [M.L.N*R.1^1] 
(ii) Identify A and B {compound/reaction condition): 

PhS-J^ A + PbS ^ Pb + SO 2 [I.I.T. 1991] 

Solution: 

(i) Coal gas, H2 + CH4 + CO 

Producer gas, CO + N2 

Water gas, CO + H2 

(ii) A = PbO or PbS04 
B = high temperature 
Air supply is cut off. 

I^ExampIe 7. Write the balanced equation for reaction of 
Al^Cj and CaNCN with water. [I.I.T. 2002] 

Solution: 

AI4C3 + I2H2O-> 4A1(0H)3 + 3CH4. 

CaNCN + 3H2O-> CaC03 + 2NH3 

i| pmnip lg 8. Like CO why its analogue SiO is not stable? 
' ' [C.B.S.E. (P.M.T.) 2004] 

Solution: 

Carbon has a strong tendency to form pn-pn multiple bonds 
due to its small size and high electronegativity. Carbon combines 
with oxygen and forms stable CO forming pn-pn multiple 
bonds. CO is actually a resonance hybrid of the following two 
structures; 

:c = o: <- ):c = 6: 

Silicon, on the other hand, on account of its bigger size and 
lower electronegativity has no tendency to form pn-pti multiple 
bonds and thus does not combine with oxygen to form stable 
SiO. 
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^^^ple9. is known whereas [SiCl^f' not. Give 

possible reasons. 

Solution: 

2 _ 

The possible reasons for the non-existence of [SiCy are: 

(i) due to large size of Cl atoms. Six fluorine atoms can be 
easily accommodated around silicon atom due to smaller size 
while six larger chlorine atoms cannot be accommodated around 
silicon atom. 

(ii) due to the presence of lone pair of electrons in fluorine 
atom on a smaller 2/7-orbital, the interaction with ^/-orbital of 
silicon atom is stronger rather than the presence of lone pair 
of electrons in chlorine atom on a larger 2p-orbital, the 
interaction with ^-orbital of silicon atom is poor. 

10, (a) Why Sn(II) is a reducing agent whereas 
Pb{Il) is not? 

(b) Why does not silicon form an analogue of gra phite? 

(c) C and Si are always tetravalent but Ge, Sn and Pb show 
divalency. Why? 

Solution: 

(a) Both Sn and Pb exhibit +2 and +4 oxidation states due 
to inert pair effect. Inert pair effect is more effective in lead 
than in tin. Thus, +2 state is less stable in tin and thus, Sn(II) 
acts as a reducing agent and converted into more stable Sn(IV) 
state. For example, Fe^”^ is reduced by Sn(II). 

2Fe^‘" + Sn^'" -—> 2Fe^‘' + 

(b) On account of bigger size and smaller electronegativity 
of silicon atom in comparison to carbon atom, silicon atom 
does not undergo 5/7^-hybridization and does not form ptt-pTi 
double bonds. Thus, silicon does not form graphite like structure 
as it requires double bonds.* 

(c) Carbon and silicon have no d- oxf-doclmm in inner 
shells. Therefore, they do not show inert pair effect. 
Consequently, they show only tetravalency due to sp^ 
hybridization. In all other elements from Ge to Pb either d- or 
both d- and /-electrons are present. Due to poor shielding 
effect, inert pair eflFect is observed, Le., showing either divalency 
or tetravalency. The stability of divalency increases while that 
of tetravalency decreases as the inert pm effect becomes 
more and more prominent from Ge to Pb. 

11* (a) Silica is attacked by hydrofluoric acid 
with the formation of SiF^" anions. The analogous Cf'^ 
anion does not exist Account for this. 

(b) Diamond is covalent, yet it has d high melting point Why ? 

Solution: 

(a) Silicon has 3^i-orbitals in the valence shell and thus 
expands its octet giving sp d -hybridization while <i-orbitals 
are not present in the valence shell of carbon. It can undergo 
sp -hyteidization only. Thus, carbon is unable to fom CF5 
anion. 
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(b) Diamond has three dimensional network involving strong 
C—C bonds which are difficult to break. Hence, its a high 
melting point. 

' Example 12. (a) Discuss briefly why tin and lead 

compounds do not show pit-pn bonding? 

(b) What are the properties responsible for the anomalous 
behaviour of carbon? 

(c) Which silicon compound is used as a ; 

(i) dehydrating agent (ii) cation exchanger 

(Hi) lubricant (iv) thermal insulator. 
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Solution: 

(a) Tin and lead do not show pn-pn bonding because the 
d“Orbitals of Sn and Pb are of much higher energy than that 
of the element with which they form a bond in the compound. 

(b) Small size, high electronegativity, high ionisation energy 
and absence of d-orbitals in the valence shell are the main 
properties of carbon which lead to its anomalous behaviour. 

(c) (i) Silica gel (ii) Zeolites 

(iii) Silicones (iv) Asbestos 


SUMMARY AND IMPORTANT POINTS TO REMEMBER 


1. Group IVA or 14 of the periodic table consists of six ele- 
ments-carbon, silicon, germanium, tin, lead and ununquadium. 
These are p~block elements as the last differentiating ele¬ 
ctron is accommodated in np^shcW. These elements have four 
electrons in their valency shell, two of which are in ^-orbital 
while remaining two in p-orbitals, Le., ns np configuration. 



2. Carbon is seventeenth and silicon is second most abundant 
element by mass in earth’s crust. Carbon is found both in 
native and combined state. Carbon is an essential constituent 
of all living matter as proteins, carbohydrates and fats. Silicon 
occurs very widely as silica and a wide variety of silicate 
minerals and clays. Tin and lead are comparatively low but 
are found as concentrated ores. The important ore of tin is 
c^siterite (Sn 02 ) and that of lead is galena (PbS). Germanium 
is rare element. 

3. (a) Non-metallic nature decreases from carbon to lead. 

C Si Ge Sn Pb 

"-V-^ Metalloid ^^ 

Non-metal s Metals 

(b) Density increases from C to Pb. 

(c) Melting and boiling points decrease down the group. 

(d) Atomic radii increase on moving down the group. 

(e) Electronegativity decreases from C to Si. 

(f) Ionisation energy decreases regularly from C to Sn. Pb, 
however, shows a higher value than Sn due to poor 
shielding of/-orbitals. 

4. All the elements show tetravalency due to sp^ hybridization. 
Last three members show inert pair elfect and show the 
tendency to form ions. The stability of state 
increases as the atomic number increases. The compounds 
of Ge^"^ and Sn^'^ are less stable than state. Thus, Ge^"^ 
and Sn^'^ compounds act as reducing agents, 

Pb^*^ compounds are more stable than Pb^"^ compounds. 
Thus, Pb"^^ compounds act as oxidising agents. 

5. The tendency of formation of long open or closed chains by 
the combination of same atoms in themselves is known as 
catenation. This property is maximum in carbon and decre¬ 
ases down the group. Lead shows no catenation. 


Only carbon atoms do form double or triple bonds involving 
pK-pK bonding. Carbon has also the property to form closed 
chain compounds with O, S and N atoms as well as forming 
pn-pK multiple bonds with other elements" particularly N 7 S~ 
and O. Carbon can form chains containing as many as carbon 
atoms but Si and Ge cannot extend the chain beyond 6 atoms. 
The reason for greater tendency of carbon for catenation is 
due to high bond energy between carbon and carbon atoms. 
This bond energy is approximately of the same magnitode 
as the energies of the bond between carbon and atoms of 
other elements. 

C—C (83 kcal mor‘) ; C—O (86 kcal mor') ; 

C—Cl(81kcalmor*) 

6 , The maximum covalency of carbon is four because it has no 
d-orbitals which can be used to accommodate more than 8 
electrons. 

Remaining elements have vacant d-orbitals. Thus, they have 
the tendency to show maximum covalency of six involving 
5 :/?V-orbitals. 

7, The phenomenon of existence of a chemical element to exist 
in two or more forms differing in physical properties but 
having almost same chemical nature is known as allotropy. 
This phenomenon is due to the difference either in the number 
of atoms in the molecules or arrangement of atoms in the 
molecules in the crystal structure. Except lead, all other 
members of group 14 exhibit allotropy. 

Carbon exists as diamond, graphite, coal, charcoal, lampblack 
and fullerene. Silicon exists in two forms, crystalline and 
amorphous ; germanium exists in two crystalline forms and 
tin exists in three forms ; grey, white and rhombic form. 

8 , Diamond is the purest form of carbon. It is the crystalline 
form. It is the hardest natural substance known. It is bad con¬ 
ductor of electricity and heat. It is transparent to X-rays and 
glows in ultraviolet rays. It has high refractive index (2.45). It 
is chemically inert.lt reacts with fluorine at lQ(fC to form CF 4 . 
In diamond every carbon is in sp^ hybridized state and linked 
to four other carbon atoms tetrahedrally by covalent bonds. 
It is, thus, a giant three dimensional polymeric structure in 
which C—C distance is 1.54 A and bond angle 109.5"^. It is 
used as gem stone and in knifes for cutting glasses and rock 
borers. 
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9 . Graphite is another crystalline form of carbon. It is found in 
nature and is also manufactured by Ach^on process. It is 
soft, greasy, dark greyish coloured crystalline solid. It is 
good conductor of electricity. It leaves a black mark on paper 
and is called blkck lead or plumbago. It is chemically more 
active than diamond. With alkaline KMn04, it is oxidised to 
mellitic acid [C6(COOH)6] and oxalic acid. Cone. HNO3 or 
cone. H2SO4 oxidises it into insoluble yellowish green 
substance, known as graphitic acid C11H4O5. 

It has two dimensional sheet structure. Each carbon is sp^ 
hybridized and is linked to three carbon atoms in hexagonal 
planar structure. The C-—C bond distance is 1.42 A, The 
adjacent layers are held by van der Waals’ forces and 
distance between layers is 3.4A. Graphite is thermodyna¬ 
mically more stable form. 

It is used for lining and making electrodes, refractory 
crucibles, lead pencils. It acts as a moderator in nuclear 
reactor. It is also used as a lubricant in machinery. 

10. An allotropic form called fullerenes or Buckminster- 
fuUerenes or Bucky balls recently discovered is or C 70 . 
Such molecules are made from interlocking hexagonal and 
pentagonal rings of carbon atoms and exist in chimney soot 
or candle smoke, 

11. Carbon has three amorphous forms. These are coal, charcoal 
and lampblack. Coal is the crude form of carbon. It is found 
in various forms depending upon the carbon content (peat, 
lignite, bituminous, steam coal and anthracite). Anthracite is 
the superior quality of coal 

When coal is subjected to destructive distillation, it loses 
volatile constituents and the residue left is known as coke. 
Coal is used as a fuel, for making fuel gases and synthetic 
petrol and coke. 

Charcoal is formed when wood, cellulose or any other 
carboneous matter are burnt in limited supply of air. This is 
the most active form. It has number of applications. 
Lampblack, carbon black or soot is obtained by burning 
substances rich in carbon such as kerosene, turpentine oil, 
etc., in a limited supply of air. These substances yield a large 
amount of smoke which is passed into chambers having wet 
blankets. The soot collected on blankets is called lampblack. 
It is almost pure carbon. It is a soft black powder and is used 
as a pigment in black inks and paints. It is also used as a 
filler in making rubber tyres. 

12 . The elements of group 14 react with oxygen on strong heating 
to form oxides of the type MO2. The acidic nature decreases 
with increase in atomic number. CO2 and Si02 are acidic while 
Ge02, Sn02 and Pb02 are amphoteric in nature. They dissolve 
in alkalies forming carbonates, silicates, germanates, stanna- 
tes and plumbates of the type NaaMOa respectively. 

They also form oxides of the type MO.SiO is unstable. CO is 
neutral while SnO and PbO are amphoteric. 

13. Non-oxidising acids do not attack carbon and silicon. Tin 
dissolves slowly in dilute HCl but readily in cone. HCL Lead 
also dissolves in HCl forming insoluble PbCl2. Germanium is 
not attacked by dilute HCl but when metal is heated in a 
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stream of HCl gas, germanium chloroform (GeHCl3) is formed. 
Concentrated H2SO4 and HNO3 attack Ge, Sn and Pb. 

14. Except carbon, all other members of group 14 dissolve in 
aqueous NaOH solution evolved hydrogen. 

M -i- 2 NaOH + H2O-> Na2M03 4; 2H2 

15. All the members of group 14 form covalent hydrides of type 
MH4. Besides CH4, carbon forms a large number of hydrides, 
saturated and unsaturated. Silicon forms only limited number 
of saturated hydrides. Germanium gives a still smaller number 
while Sn and Pb form only one hydride each. Hydrides are 
gaseous and their thermal stability decreases and con¬ 
sequently reducing nature increases. 

16 . All the members of group 14 form tetrahalides of the type 
MX4 except PbBr4 and Pbl4, The halides are covalent and 
formed by sp^ hybridization. The thermal stability decreases. 

CX4 > SiZ4 > GeX4 > SnX4 > PhX4 
Except carbon halides, other halides are readily hydrolysed 
by water. The hydrolysis is due to utilization of d-orbitals. 
The tetrahalides of Si, Ge, Sn and Pb can form hexahalo 
complexes. The tetrahalides of Si, Ge, Sn and Pb act as strong 
Lewis acids. 

17. CO is a colourless, odourless, poisonous and neutral oxide. 
It is* slightly soluble in water. It is obtained by heating 
K4Fe(CN)5 with cone. H2SO4. It is absorbed by ammonical 
CU2CI2 solution. It is combustible but does not support 
combustion. Its poisonous nature is due to its reaction with 
haemoglobin to form carboxy-haemoglobin which is not 
capable of absorbing oxygen. It is a good reducing agent. 
The bonding in CO is represented as : CfcO. It acts as a 
7 C-acid ligand. It forms addition compound with a number of 
substances. It combines with metals like Ni, Cr, Fe, etc. The 
compounds formed are called carbonyls. 

It is used as a fuel in the form of water gas, producer gas, etc. It is 
used in the manufacture of methanol, synthetic petrol, formic 
acid, phosgene gas, etc. It is used as a reducing agent in 
extraction of iron and in Mond’s process for extraction of Ni. 

18. CO2 is a colourless, odourless and tasteless gas. It is present 
in atmosphere. It is slightly soluble in water but more soluble 
under pressure. It is heavier than air. It is easily liquefied 
under pressure into a colourless mobile liquid. If CO2 under 
pressure is allowed to escape through a nozzle, a white solid, 
ie., dry ice is obtained. Solid CO2 is soft, white, snow like 
substance. It sublimes and leaves no residue. Solid CO2 is 
used as a refrigerant under the commercial name drikold. 

It is neither combustible nor a supporter of combustion. 
However, burning magnesium, sodium or potassium conti¬ 
nues burning in the gas. CO2 is converted by plants into 
glucose and higher carbohydrates in the presence of sunlight 
and chlorophyll This process is known as photosynthesis. 
Carbogen is a mixture of O2 and CO2 (5 to 10 %). It is used 
for artificial respiration. 

A mixture of solid CO2 and ether is used to produce low 
temperature of the order of - 80 ®C to - KXfC. CO2 is used as 
a fire extinguisher. 
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(a) Dry powder extinguishers contain sand and baking soda 
(NaHC03). 

(b) Baking ^da and sulphuric acid type extinguishers. 

(c) Foamite extinguishers contain baking soda and 
alurainium sulphate, 

19 . Th^ carbides are binary compounds in which carton 
corallines with elements of lower or about equal electro¬ 
negativity. Carbides are divided into three catego 4 cs, 

(i) Salt-like or ionic or electrovalent carbides ; These 
are formed by strong electropositive elements of group 
1 , 2 and 13 (except boron), coinage metals, Zn, Cd and 
some lanthanides. These are further classified into three 
classes: 

(a) Methanldes : These give methane on hydrolysis. 
They contain ions, e.g., Be2C, AI4C3. 

(b) Acetylides : These give acetylene on hydrolysis. 
They contain cf” {C=C)^“ ions, eg., CaC2, BeC2, 
Li2C2,Na2C2,etc. 

(c) Allylides: These give pr^yne or allylene on 
hydrolysis. These contain C3 ion, e.g., Mg2C3. 

(ii) Covalent carbides : Boron carbide and carborundum 
(SiC) belong to this category. They are covalent, 
polymeric, thermally stable, extremely hard, high melting 
and inert solids. SiC has diamond like structure. 

(iii) Metallic or interstitial carbides : These are formed 
by transitional elements. Carbon atoms being small in 
size occupy interstitial positions of metal atoms. These 
carbides are hard and possess high melting points, used 
as refractory materials. 

20* Water gas, producer gas, coal gas, oil gas, natural gas, LPG, 
etc., are gaseous fuels. These have high calorific values. 

(i) Water gas or synthetic gas is a mixture of CO and H2. 
It is made by passing steam over red hot coal at lOCX) - 

imfc. 

(ii) Producer gas is a mixture of CO and.N2. It is nmde by 
passing air on hot coke. It has lower calorific value than 
water gas. 

(m) Coal gas is a mixture of hydrogen, methane, carbon 
monoxide, acetylene, etc. It is obtained by destructive 
distillation of coal at lOOO^C, It has high calorific value. 

(iv) Oil gas is obtained by cracking of kerosene. It is a 
mixture of lower hydrocarbons. 

(v) Natural gas mainly contains CH4. 

(vi) LPG is a mixture of butane and isobutane. 

(vii) Semiwater gas is a mixture of water gas and producer 
gas. 

21. Silicon is the second most abundant element in the earth’s 
crust (about 28 % by mass). Unlike carbon, it is never found 
in free state but always in combined state. Silicon is widely 
present as silica (Si02) in various forms such as sand, quartz, 
flint, etc. Silicon exists in two fonm (a) amorphous and (b) 
crystalline. The amorphous variety is obtained by heating dry 
powdered silica with magnesium. The crystaliine form is 
obtained by heating finely powdered sand or quartz with 
carbon in an electric furnace. 
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Amorphous silicon is chemically more active than crystalline 
silicon. 

22. Sodium silicate is commercially called water glass. It is 
chemically sodium metasilicate containing an excess of silica. 
Its composition varies from Na2Si03 Si02 to Na2Si03-3Si02* 

It is soluble in water and its solution is alkaline. 

Some coloured salts like cobalt nitrate, nickel chloride, ferrous 
sulphate, copper sulphate, etc., are placed in the solution of 
sodium silicate and whole solution is left as such for a night. 
A beautifiil hollow tubes of metallic silicate gels possessing 
colours shoot up from these crystals and look like plants. 
This is called silica garden. 

23. Silicones are organosilicon polymers containing Si—O—Si 
linkages. These are formed by the hydrolysis of alkyl or aryl 
substituted chlorosilanes and their subsequent polymeri¬ 
zation. The substituted chlorosilanes are formed by the 
reaction of Grignard reagents and silicon tetrachloride. 

mgCl + SiCl4^^]^ or R2SiCl2 or /^SOT”" 

^2SiCl2 ^^ ^2Si(OH)2->HO—Si(«2)-^0—Si(l?2)-^H 

Polymerization continues on both ends and thus chain 
. increases in length (linear thermoplastic polymer) 
RSiCl^ > /^Si(OH)3. This gives crossed linear silicone. 
Lower silicones are oily Squids while higher members 
containing long chains or ring structures are waxy and rubber 
like solids. These are stable towards heat and chemical 
reagents and are good electrical insulators. These are non- 
toxic and are water repellents. These have variety of industrial 
applications. 

24. Silicates are metal derivatives of silicic acid, H4Si04 or 
Si(OH)4. Silicates are formed by heating metal oxides or' 
carbonates with sand. Silicates have basic unit SiOl”. Each 
silicon atom is tetrahedrally bonded to four oxide ions. 

(i) Orthosilicates - Contain single discrete unit of SiO^ 
tefrahedra, zircon (ZrSi04). 

(ii) Pyrosilicates ~ Contain two units of SiOf” joined along 
a comer containing oxygen. Pyrosilicate ion, 81207”, 
e.g,, thorteveitite Sc2Si207. 

(iii) Cyclic or ring silicates General formula (SiOfO/?, 
beryl Be3Al2Si60i8. 

(iv) Chain silicates ^ By sharing two oxygen atoms of each 
tetrahedra, 

(v) Two dimensional sheet silicates - By sharing three 
oxygen atoms of each tetrahedra. General formula 
(SiiOs)^. 

(vi) Three dimensional sheet silicates - Involve all the four 
oxygen atoms of each tetrahedra - examples quartz, 
tridymite, feldspar, ultramarines, etc. 

25. Glass is a transparent or translucent super cooled solid solu¬ 
tion of silicates and borates. The most common silicates are 
those of stoium, potassium, calcium and lead. An approxi¬ 
mate formula is R 20 M 0 6 Si 02 i where ^ = Na or K and M = 
Ca, Ba, Zn or Pb. Si02 may be replaced by AI2O3, B2O3, P2O5. 

26. Glass is attacked by HF. This property is used in the etching 
of glass. 
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27, The most important ore of tin is cassiterite, Sn02. The ore is 
crushed and powdered* It is washed with running water to 
remove lighter siliceous matter. Iron tungstate is removed by 
electromagnetic separator The ore is now roasted to remove 
sulphur and arsenic. The roasted mass is mixed with about 
one fifth of its mass with anthracite (carbon) and subjected 
to heat in a reverberatoiy furnace. The liquid metal is drawn 
off from the furnace. It is further purified by liquation and 
poling. 

28, (a) Tin produces a peculiar sound whenever it is bent. The 

cracking sound is known as Tincry. 

(b) It exists in three allotropic forms. White tin is the 
common and most stable, 

loop litre 

Grey tin . White ^.-.. Rhombic 

The conversion of white tin to grey tin in cold countries 
is accompanied by decrease in density, comes into 
powdered form. This is termed tin disease or tin pest or 
tin plague. 

(c) Tin is not attacked by organic acids. This property is 
utilised for tinning cooking vessels made of copper or 
brass. 

(d) Tin is largely used in forming a protective coating over 
iron. The process of depositing tin over the sheets of 
iron or steel is called tin plating. 

(e) Tin foil is used for wrapping cigarettes, confectionary 
and for making the tooth-paste tubes. Tin amalgam is 
used in making mirrors, 

(f) It is used for making useful alloys, 

(i) Solder - Sn 67 %, Pb 33 % (ii) Bronze - Cu 75 » 90 %,. 
Sn 10 - 25 % (iii) Bell metal Cu 80 %, Sn 20 %, 

29, SnCl4 is hygroscopic and forms crystalline hydrates con¬ 
taining 3 , 5 , 6 and 8 molecules of water as water of 
crystallization. The pentahydrate, SnCl4*5H20 is known as 
butter of tin or ojrpnuriate of tin. It is used as a mordant, for 


443 

fire proofing cotton and for increasing weight of silk. 

30. SnCl2-2H20 is a crystalline sohd. It is soluble in water. It acts 
as a reducing agent. It is used for making purple of cassius 
and as a mordant, 

31. Lead is mainly extracted from galena (PbS) ore. The ore is 
concentrated by froth floatation process. It is extracted either 
by air reduction process or carbon reduction process. 

32. Pb is not affected by pure water. However, it dissolves slowly 
in water having dissolved oxygen. The dissolution of lead in 
water is known as plumbosolvency. Lead salts are poisonous 
in nature and lead pipes are often used in conveying water. 
In order to minimise dissolution, hard water is first conveyed 
which forms a protective layer on the inner walls. 

33. Lead forms three oxides PbO, Pb02 and Pb304. Pb02 is a strong 
oxidising agent. Pb304 is known as red lead (minium or 
sindhur). Pb02 is used in storage batteries and in match 
industry, PbO exists in two forms (a) a yellow powder commonly 
known as massicot Md (b) buff coloufed form known 
litharge. PbO is used for making glass, paints and varnishes. 

34. The solution of lead acetate is sweet in taste and is known 
as sugar of lead but it is poisonous in nature. 

35. Basic lead carbonate (white lead), 2PbC03 Pb(0H)2 in linseed 
oil is used as white paint.Jt has large covering power but is 
poisonous and affected by H2S in air, 

36. PbCr04, chrome yellow is used as a yellow pigment and basic 
lead chromate PbCr04*Pb0 known as chrome red, is also used 
as pigment. 

37. PbCl2 is more ionic than PbCl4. It is more stable. 

38. Lead blocks are us^ to protect harmful emissions from radio¬ 
active minerals. 

39 . Tetraethyl lead Pb(C2H5)4 is used as an antiknock agent to 
improve the quaMty of gasoline. 

40. The hardness order of some abrasives is : 

Boron nitride > Diamond > Boron carbide > Silicon carbide 


■ 


• • 


PRACTICE PROBLEMS 



■ Subjective Type Questions 

1. Answer the following: 

(a) Name three allotropic forms of carbon. Which one is a 
good conductor of electricity? 

(b) What is name of recently discovered allotrope of carbon, 

(c) Which isotope of carbon is radioactive? 

(d) Which allotrope of carbon is used as a moderator in 
atomic reactors? 

(e) Name the purest form of carbon. 

2. Amdiig gn)up 14 elements name: 

(a) The element having highest tendency to form pit-pn 
bonds. 

(b) The element which is most electropositive. 

(c) The element which is radioactive in nature. 


(d) Hie element which is most abundant in earth’s crust. 

(e) The element which is used as a semiconductor. 

(f) The element which is commonly found in +2 oxidation 
state, 

3. Give reason for each of the following: 

(j) Why Ge, Sh and Pb show divalency? 

(ii) Out of methane and silane which is more stable and why? 

(iii) Aqueous solutions of carbonates of alkali metals are 
alkaline in nature? 

(iv) Carbon tetrachloride cannot be hydrolysed with water. 

(v) SnCl2 is a solid while SnCl4 is a liquid at room temperature, 

4, Answer the Mlowing: 

(a) Which is the basic building unit of all silicates? 

(b) Why are carbon compounds relatively inert? 

(c) What is dry ice? Why is it so called? 
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(d) Why is diamond a bad conductor of electricity but a good 
conductor of heat? 

(e) Which halide of carbon is used as a refrigerant? 

5. Indicate the principal iagredients of the following; 

(a) Coal gas [MX.N.R. 1991 ] 

(b) Producer gas [M.L.N.R. 1991 ] 

(c) Water gas [M.L,N.R. 1991 ] 

(d) Natural gas 

(e) Soft glass 

(f) Hard glass 

6 . What happens when the following are heated? 

(a) Red lead (b) Lead nitrate (c) Lead acetate 

(d) Hydrated stannous chloride (e) White lead 

7. What happens when? 

(i) Dilute nitric acid is slowly reacted with tin. 

(ii) Carbon dioxide is passed through a suspension of 

limestone in water. [LLT, 1991 ] 

(iii) Carbon and steam are heated; . 

(iv) Red lead is treats with nitric acid. [M*L,N,R. 1992 ] 

(v) Iodine is added to stannous chloride. 

(vi) Carbon dioxide is passed through a concentrated 
aqueous solution of sodium chloride saturated with 
ammonia. 

(vii) Tin is treated with concentrated nitric acid. 

(viii) Lead is obtained from galena by air reduction. 

(ix) NaOH solution is added to SnCl2 solution. 

(x) Silica is heated with CaF2 and cone. H2SO4. 

(xi) Stannous chloride reacts with ferric chloride. 

(xii) Stannous chloride reacts with mercuric chloride. 

(xiii) SnS reacts with yellow ammonium sulphide. 

(xiv) Lead is reacted with acetic acid in presence of oxygen. 

(xv) Nitrobenzene is treated with acidified stannous 
chloride. 

(xvi) Methyl chloride is passed over powdered silicon in the 
presence of copper catalyst at 275 - 375 °C. 

(xvii) Potassium ferrqcyanide is heated with cone. H2SO4. 
(xviii) Carbon monoxide is passed over nickel at 80 °C. 

(xix) Silicon is fused with soda ash, 

(xx) Lead chloride is heated with cone. HCL 

8. How will you pr^are Hie following? 

(i) Tin metal from cassiterite. 

(ii) Litharge from red lead. 

(iii) Red lead from litharge. 

(iv) White lead from lead. 

(v) Stannous oxide from stannous chloride. 

(vi) Silanes from silicon. 

(vii) Crystalline silicon from silicon tetrachloride. 

(viii) Tetraethyl lead from sodium lead alloy. 

(ix) Chrome yellow from litharge. 

(x) Carbon monoxide from water gas. 

9. Answer Hie following: 

(i) Which elements have the electronic configuration 
ns^ np^l Give their names. 

(ii) What is chemical formula of soft glass? 

(iii) What is gas carbon? 
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(iv) What are carburetted water gas and semiwater gas? 

(v) What is a metal carbonyl? 

(vi) What is tin disease or tin plague? 

(vii) How does SiCl4 differ from CCI4? 

(viii) What is plumbosoivency? 

10. Write short notes on the following: 

(i) Structure of diamond (ii) Structure of graphite 
(iii) Alloys of tin (iv) Fuel gases 

(v) Silicones (vi) Various forms of coal 

(vii) Fire extinguisher (viii) Catenation 

11. Explain the following with proper reasoning. 

(i) Carbon dioxide does not support combustion but a 
burning magnesium ribbon continues to bum in it. 
[Hint : Mg reduces CO2 to carbon» 

2 Mg 4 - CO2-> 2 MgO + C 

and therefore continues to bum in CO2.] 

(ii) Graphite is a conductor but diamond is., not a 

conductor: - .= ^ ^ 

[Hint : Graphite has layer structure in which each carbon is 

sp hybridi^d. it-electrons are delocalised and 
conduct electricity. In diamond each carbon is 
sp^ hybridized and no mobile or delocalised electrons 
are available.] 

(iii) Carbon tetrachloride is not affected but silicon 
tetrachloride is hydrolysed by water. 

[Hint :In silicon d-orbitals are available, Le., it increases its 
coordination number to 6 . 



Cl 

i 

HO —Si—OH + 2 HC 1 
I 

Cl 

In carbon d-orbitals am not present.] 

(iv) Dilute HCl is preferred to dilute H2SO4 for the 
- preparation of carbon dioxide from marble. 

[Hint ; In case of dilute H2S04,CaS04 is fonned. This is 
deposited on the surface of marble and acts as a 
protective layer. This layer stops the further reaction 
to liberate CO2.] 

(v) Sn^^ and Fe^^ cannot ct^xist in the same solution. 
[IMnt : Redox reaction occurs. 

2Fe^ + Sn^+-> Sn‘^ + 2Fe^+] 

(vi) CCI4 is used as fire extinguisher but not CS2. 

[HM :CCl4 is heavy non-combustible liquid but CS2 is 
highly combustible liquid. 

2CS2 + 5O2-> 2 CO + 4SO2] 

(vii) - Sn is used in making ^ider. 

[Hint : It is easily fusible alloying metal] 

(viii) The le^ of lead pencils is not lead but graphite. 

[Hint ; Graphite has the property of marking paper.] 

(ix) PbO does not dissolve in H2SO4 while SnO is 
soluble in H2SO4. 

[Hint PbS04 is insoluble while SnS04 is soluble in water] 
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(x) Alkali cannot be stored in a Sn or Pb vessel. 

[Hint ; Sn and Pb dissolve in alkali.] 

(m) Alkanes are more stable than silanes. 

[Hint ; The C—C bond energy is higher than Si—Si bond 
energy.] 

(xii) CCI4 does not act as a Lewis acid while SiCU and SnG^ 
act as Lewis acids. 

[Hint : SiCL and SnCL act as Lewis acids as they can extend 
their coordination number beyond 4 due to the 
presence of i^-orbitals.] 

(xiii) Radioactive materials are shielded by lead blocks. 

[Hint : The penetration of radioactive rays is minimum 
through lead.] 

(xiv) SnCl2 has high melting point (is solid) while SnCl4 has 
low melting point (is a liquid). 

[Hint : SnCl2 has ionic nature while SnCL is a covalent 
compound involving sp^ hybridization.] 

(xv) Lead pollution is caused by car exhaust. 

[Hint : Lead tetraethyl is added to petiol as antiknock. It is 
evolved during ignition of petrol as lead tetrabromide 
which causes pollution.] 

(xvi) Carbon atom is tetravalent inspite of the fact that there 
are only two unpaired electrons in it. 

[Huit : One of the p-orbitals is empty. The ns electron pair 
is unpaired and the electron is shifted to np orbital, 
i.e., in excited state, the electronic configuration is 
2s^ 2pj 2py 2pl. There is sp^ hybridization and four 
hybrid orbitals each having one electron come into 
existence, showing tetravalency.] 

(xvii) PbCl4 exists while PbBr4 and Pbl4 do not exist. 

[Hint : Pb'^'*’ is an oxidising agent and readily changes into 
Pb^^. The Br“ and F ions are reducing agents. Thus, 
redox reaction occurs indicating that PbBi4 and PbL 
are unstable compounds. 

+ 4Br--) PbBr2 + Brj] 

(xviii) CO2 is an acidic anhydride while Pb02 is basic 
anhydride. 

[Hint :C is a non-metal. Its oxide, CO2, is thus acidic in 
nature while.lead is a metal and its oxide is basic in 
nature.] 

12- A substance (X) is dissolved in concentrated hydrochloric 
acid and on treating the solution with sodium hydroxide 
solution a white precipitate formed which dissolved in excess, 
giving a solution with strongly reducing properties. 

On heating (X) with sulphur, a brown powder (F) was formed 
which dissolved in yellow ammonium sulphide and on adding 
HCl, a yellow precipitate was formed. 

When (X) was strongly heated in air, a white powder (Z) was 
obtained. When (Z) was fused with sodium hydroxide and 
extracted with hot water, white crystals were obtained. 
Identify (X), (F) and (Z) and write the reactions. 

13- An inorganic compound (A) is a strong reducing agent. Its 
hydrolysis in water gives a white turbidity (B). Aqueous 
solution of (A) gives a white precipitate (C) with NaOH 
solution which is soluble in excess of NaOH. (A) reduces auric 
chloride to produce purple of cassius. (A) also reduces iodine 
and gives chromyl chloride test. What are (A) to (Q and give 
the chemical reactions. 


[Ans. (A) = SnCl2; (B) = Sn(OH)Cl; (C) = Sn(OH)2 

SnCl2 + H2O-> Sn(OH)Cl + HCl 

W (B) 

SnCl2 + NaOH Sn(OH)2 + 2 NaCl 
(O 

Sn(OH)2 + 2 NaOH-> Na2Sn02 + 2H2O 

3SnCl2 + 2AUCI3 -> 3SnCl4 + 2 Au 

. SnCl2 + 2 HC 1 + I2-> SnCl4 + 2 HI] 

14 . A colourless crystalline solid (BA) dissolves in water. When 
the solid is heated with concentrated H2SO4, a reddish brown 
gas (X) is liberated. A solution of the salt when treated with 
potassium chromate solution gives a yellow precipitate (F) 
insoluble in acetic acid. The same solution gives a white 
precipitate which dissolves in excess of NaOH to form a 
compound (Z). Identify (X), (F), (Z) and the salt (BA). 

[Ans. {BA) = Pb(N03)2; (X) = NO2; (F) = PbCr04; ( 2 ) = NaaPbOs] 

15 . A white solid (A) is not completely soluble in dilute HCl or 
dilute H2SO4 but dissolves in dilute HNO3 with effer¬ 
vescences. In the evolved gas, a burning magnesium ribbon^-- 
continues to bum. (A) when heated forms a yellow solid (B) 
which is an amphoteric oxide. (B) when heated in air forms a 

red coloured compound (C). (C) when dissolved in 
concentrated HNO3 gives a brown residue (D). Identify (A) 
to(I>). 

[Ans. (A) = PbCOs; (B) = PbO; (C) = Pb304; (D) = FbO^i 

16 . A white coloured inorganic salt (A) gives the following 
reactions: 

(i) It is soluble in water and the solution has sweet taste. 

The solution turns black in presence of H2S. 

(ii) The solution gives a white precipitate with dilute HCl 
which is soluble in hot water. 

(iii) The salt when heated gives acetone and a yellow 
coloured residue. 

Identify the salt (A) and give chemical reactions. 

[Ans. (A) is Pb(CH3COO)2 

Pb(CH3COO)2 4- H2S-> PbS + 2CH3COOH 

Black 

Pb(CH3COO)2 + 2 HC 1 -> PbCl2 + 2CH3COOH 

Soluble in 
hot water 

Pb(CH3COO)2 -> PbO + CO2 + CH3COCH3] 

17 . Starting from SiC^ prepare the following in steps not exceed¬ 
ing the number given in parentheses (give reactions only): 

(i) Silicon (I). 

(ii) Linear silicon containing methyl groups only ( 4 ). 

(iii) NaaSiOaO). [LLT. 2001 ) 

[Hint : (i) SiCU + 2 Mg-> Si + 2 MgCl 2 

(ii) (a) SiCL + 2 Mg-^ Si + 2MgCl2 

Cu Catalyst 

(b) Si + 2CH3CI .> (CH3)2 SiCl2 

CH3 CH3 

I I 

(c) Cl—Si—Cl + 2H2O-> HO—Si—OH + 2 HC 1 

I I 

CH3 CH3 
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CH3 

I 

(d) OH^Si-OH 

I 

CH3 


CH3 

I 

+ HO—Si—OH 

I 

CH3 

/OH 

<CH 3 ) 2 Si<Q 


CH3 


CH3 


HO—Si—O—Si—OH 


^OH 


CH3 

I 


I 

CH3 

CH3 


CH3 

CH3 

I 


^ HO—Si—O—Si—O—Si—OH 


CH3 CH3 CH3 

This chain increases finally a polymer is obtained. 

(iii) (a) SiCl4 + 4H2O-> Si(OH)4 + 4HC1 

Si(OH)4 SiOz + 2H2O 


(b) 

(c) Si02 + Na2CX)3 


Na2Si03 + CO2I 


■ Matching Type Questions 

Match the following: 

[A] (a) fed lead (i) Carbon 

(b) Litharge (ii) An ore of tin 

(c) Galena (iii) A white pigment 


(d) Cassiterite 

(e) Lignite 

(f) White lead 

(g) Chrome yellow 

(h) Chrome red 
IB] (a) Diamond 

(b) Graphite 

(c) Phosgene 

(d) Producer gas 

(e) Water glass 

(f) Carbon monoxide 

(g) Solid carbon dioxide 

(h) Carbon dioxide gas 

[q (a) SnCl 4 - 5 H 20 

(b) (CH 3 COO) 2 Pb 

(c) Pb02 

(d) SiC 

(e) SnCla 

(f) Solder 

(g) Silanes 

(h) NaaGCaO-bSiOa 


(iv) PbCr04 

(v) Lead monoxide 

(vi) PbCr04-Pb0 

(vii) Minium 

(viii) An ore of lead 

(i) A poisonous gas 

(ii) Metal carbonyls 

(iii) A fuel 

(iv) Fire extinguisher 

(v) Refrigerant 

(vi) Lead pencils 

(vii) Sodium silicate 
(viu) Abrasive 

(i) Carborundum 

(ii) An alloy of tin and lead 

(iii) Soda glass 

(iv) Hydrides of silicon 

(v) Butter of tin 

(vi) An oxidising agent 

(vii) Sugar of lead 
(viii) A reducing agent 



Answers : Subjective Type Questions 

1 . (a) Diamond, graphite and coal. Graphite is a good conductor of 

electricity. 

(b) Fullerene or Bucky ball 

(c) (used for carbon dating) 

(d) Diamond. 

2 . (a) Carbon 

(b) Lead 

(c) Ununquadium ( 114 ) 

(d) Silicon 

(e) Silicon and germanium (f) Lead 

3 . (i) Due to inert pair etfect. 

(ii) Methane. Silicon atom is bigger in size in comparison to 
hydrogen, thus, silane is unstable. 

(iii) Carbonates of alkali metals are salts of strong bases and weak 
acid and hence undergo hydrolysis. 

(iv) The maximum covalency of carbon is 4 due to absence of 
d-orbitals. It cannot expand its octet. 

(v) SnCl^ is an ionic compound while SnCL is covalent in nature. 

4 . (a) SiOt” is the basic building unit of all silicates. 

(b) Carbon-carbon bond dissociation energy is quite high. 

(c) Solid carbon dioxide, it does not wet surface when it melts. 

(d) Mobile electrons are not present in dimnond. Conduction of 
electricity requires movement of electrons. The conduction of 
heat does not require movement of electrons. 

(e) Freon, CF2CI2. 

5 . (a) Coal gas—H2, CH4, CO, N2 

(b) Producer gas—CO, N2 

(c) Water gas—CO, H2 

(d) Natural gas-CH4, C2H6, C3H8 


(e) Soft glass—Na20, CaO, Si02 

(f) Hard glass—K2O, CaO, Si02 

6. (a) On heating above 470°C, it decomposes into PbO and O2. 

2Pb304 -> 6PbO + O2 

(b) On heating, it breaks up into PbO, NO2 and O2. 

2Pb(N03)2 -> 2PbO + 4NO2 + O2 

(c) On heating, it decomposes giving acetone. 

(CH3C00)2Pb -> PbO + CO2 + CH3COCH3 

(d) Hydrolysis occurs with water of crystallisation. 

SnCl2‘2H20-> Sn(OH)Cl + HCl + H2O 

(e) On heating, it decomposes into red lead. 

2PbC03Tb(0H)2 -> Pb304 + CO + CO2 ->■ H2O 

7, (i) [2HNO3 + Sn-> Sn(N03)2 + 2H] x 4 

2HNO3 + 8H- > NH4NO3 + 3H2O 

. Sn + 10HNO3(dil.)-> 4Sn(N03)2 + NH4NO3 + 3H2O 

(ii) Limestone dissolves in the form calcium bicarbonate. 

CaC 03 + H 2 O + CO 2 -> Ca(HC03)2 

(iii) Water -gas is formed. 

C + H2O-> CO + H2 

'Water gas 

(iv) Pb304 —4 2PbO + PbOa 

[PbO + 2HNO3'-> Pb(N03)2 + H2O] X 2 

Pb304 + 4HNO3 —> ;2Pb(N03)2 + Pb02 + 2H2O 

(v) It decolourises iodine. 

2SriCl2 + 2 I 2 -> 2ShCi2l2-> SnCl4 + SnL 

(vi) NH4OH + CO2-> NH4HCO3 

NaCl + NH4HCO3-> NaHCOa + NH4CI 

NaCl + NH4OH + CO2 —>NaHC03 + NH4CI 
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(vii) [2HNO3 -> H2O + 2NO2 + 01 X 2 

Sn + 20 + H2O- >■ H2Sn03 

Sn + .4HNO3-> H2Sn03 + 4NO2 + H2O 

Metastannic acid 

(viii) 2 PbS + O2-> 2 PbO + SO2 

PbS + 2O2 —> PbS 04 

. Roasted in a limited supply of oxygen. Air supply is cut-off 
and fresh galena is added and the temperature is raised. Galena 
reduces both PbO and PbS04 to metallic lead, 

2PbO 4 - PbS-> 3Pb + SO2 

PbS04 + PbS-> 2Pb + 2SO2 

(ix) SnCl2 + 2 NaOH-> Sn(OH)2 + 2 NaCl 

Sn(0H)2 4 - 2 NaOH-> Na2Sn02 + 2H2O 

SnCl2 4 - 4 NaOH—^ J^SnOa + 2 NaCl 4- 2H2O . 

(x) [CaF2 + H2SO4-> CaS04 4- 2 HF] x 2 

Si 02 + 4 HF-> SiF4 + 2H2O 

2CaF2 4 - Si 02 4 " 2H2SO4- > 2CaS04 4 * SiF4 4- 2H2O 

(xi) ■ SnGl 2 + 2 Feei 3 SnCl^ + 2 FeCl 2 . ^ ' : 

(xii) HgCla + SnCl2-^ Hg 4- SnCl4 

(xiii) SnS + S-> SnS2 

SnS2 + (NH4)2S-^ (NH4)2SnS3 

(xiv) Pb + 2CH3COOH 4 - i O2-> (CH3COO)2Pb 4- H2O 

(XV) C6H5NO2 + 6Ha + 3SnCl2 —^ C6H5HH2 + BSnCU 4- 2H2O 
(xvi) 2CH3CI + Si (CH3)2SiCl2 

(xvii)K4Fe(CN)6 4 - 3H2SO4-> 2K2SO4 + FeS 04 4 - 6HCN 

[HCN 4 - 2H2O -> HCOOH + NH3] X 6 

[2NH3 4- H2SO4 -> (NH4)2S04] X 3 

[HCXX)H -> CO 4- H2O] X 6 

K4F^CN)7+6H2SO4 + 6H2O 2K2SO4 4- FeSQ4 + 

3 (NH 4 ) 2 S 04 4 - 6 C 0 


(xviii) 

Ni + 4 C 0 - 

—^ Ni(C 0)4 

Nickel carbonyl 

(xix) 

Si 4- NasCOa - 

—> NaaSiOs 4 - C 

(XX) 

PbCl 2 + 2 HC 1 - 

—> HaPbCU 

Chloroplumbous acid 
(Soluble) 


8. (i) The ore is first roasted to remove sulphur, arsenic as SO2 and 

AS2O3 respectively. The roasted mass is mixed with about one 
fifth its mass of powdered anthracite and a little lime. The mixture 
is heated in reva-beratory furnace when tin metal is formed. 

SnOa 4 - 2 C —^ Sn 4- 2 C 0 

(ii) On heating above 470 '"C, red lead decomposes into litharge. 

2 Pb 304 -> 6 PbO 4 * O2 

(iii) On heating litharge in air about 450 ®C. 

6 PbO 4 - O2-> 2 Pb 304 

(iv) Lead is converted into white lead by Dutch process or 
electrolytic process. See text on page 436 . 

(v) NaOH is added to stannous chloride; The stannous hydroxide 

i precipitated is heated in atmosphere of COa- 

SnCla 4 * 2 NaOH Sn(OH)2 4 - 2 Naa 
Sn(0H)2 » ,SnO + H2O- 


(vi) Silicon is fused with magnesium. Magnesiurn silicide is now 
treated with dilute HCl when a mixture of silicon hydrides is 
obtained. 

2Mg + Si- > MgaSi > A mixture of silico^ hydrides 

(Silanes) 

(vii) By passing a current of silicon tetrachloride over molten 
aluminium, 

3 SiCl4 + 4 A 1 -> 3 Si -h 4AICI3 

(viii) 4C2H5CI 4- 4 Pb--Na-> (C2H5)4Fb + 4 NaCl + 3 Fb 

(ix) PbO 4- 2CH3COOH —4 (CH3COO)2Pb + H2O 
(CH3COO)2Pb 4- K2C1O4 —^ PbCr04 + 2CH3COOK 

Chrome yellow 

(x) CO+ Ho > CO is absorbed. 

^ ^- 6 Amm.Cu2Cl2 

Water gas 

It is released when pressure is removed. 

9 * (i) Elements of IVA or 14 th group : 

Carbon, Silicon, Germanium, Tin and Lead. 

(ii) Na 2 Si 03 -CaSi 03 ’ 4 Si 02 

(iii) The ambiphous form of carbon obtained by scrapping the walls 
of a retort which has been used in destructive distillation of coal. 

(iv) The water gas mixed with volatile hydrocarbons is known as 
carburetted water gas. Semiwater gas is a mixture of water gas 
and producer gas. It is obtained by passing a mixture of steam 
and air over incandescent coke. 

(v) A coordination compound of inetal with carbon monoxide 
molecules as ligands is known as metal carbonyl. 

(vi) The crumbling of white tin into grey powder from a very low 
temperature is called tin disease or tin plague, 

(vii) CCI4 does not undergo hydrolysis while SiCL undergoes 
hydrolysis. 

(viii) The dissolution of lead in water in presence of dissolved oxygen 
is known as plumbosolvency. 

12 . X = Sn; Y = SnS; Z = Sn02 

Sn + 2 HC 1 -^SnCl2 4-H2 

(X) 

SnCl2 4- 2 NaOH-> Sn(OH)2 4- 2 NaCl 

Sn(0H)2 4- 2NaOH —^ Na2Sn02 + 2H2O 

Reducing agent 

Sn + S-> SnS 

(V) Brown 

■SnS 4- (NH4)2SnS2-> (NH4)2SnS3 

(NH4)2SnS3 4- 2HC1-> SnS2 + H2S 4- 2NH4CI 

Yellow 

Sn 4-02 -» Sn02 

(2) 

Sn02 + 2 NaOH- > Na2Sn03 + H2O 

White crystals 

Answers : Matching Type Questions 

[A] (a—^^vii); (b—^v); (c—viii); (d—ii); (e^—^i); (f—^iii); (g—iv); (h—vi) 

[B] (a—'viii); (b-—vi); (c—i); (d—iii); (e—vii); (f—ii); (g—^v); (h—iv) 

[C] (a—^v); (b—vii); (c—^vi); (d—i); (e—^viii); (f—ii), {g —^iv); (h—iii) 
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OF OBJECTIVE QUESTIONS 


1 . Graphite is not: 

(a) a good conductor of heat 

(b) an amorphous allotrope of carbon 

(c) softer than diamond^ 

(d) used for making lubricants 
Ai^. (b) 

[Hint : Graphite is crystalline allotrope of carbon,] 

2 . Carbon atoms in diamond are bonded with each other in a 
configuration : 

(a) linear (b) planar 

(c) tetrahedral (d) octahedral 

Ans* (c) 

3 * When heated with concentrated H2SO4, K4Fe(CN)5 gives : 

(a) CO (b) CO2 

(c) (CN)2 and CO ’ (d) {CN)2 and CO2 

Ans. (a) 

[Hint ; K4Fe(CN)6 + 6H2SO4 4- 6H2O-> 2K2SO4 + FeS04 

-f 3 (NH 4 ) 2 S 04 + 6CO ] 

4 . Carbon monoxide is absorbed by : 

(a) plants 

(b) alcohol 

(c) Ni(CO)4 

(d) ammonical solution of cuprous chloride 
Ai^. (d) 

[Hint : All the four valencies of carbon are not satisfi^. It behaves 
as an unsaturated compound and forms addition products. 

Mi oh 

CuCl + CO pgg^> CuCl‘CO] 

Ammonical 

solution 

5 . Which of the following is correct? 

(a) Silicones are organosilico polymers containing 
Si—O—Si linkage, 

(b) ^3SiCl on hydrolysis gives %Si—O— SiR^ 

(c) Both 

(d) None 
Ans. (c) 

6 . The general formula of cyclic or ring silicates is : 

(a) (Si205)2"' (b) (Si03t- 

(c) (Sio|')„ (d) both (b) and (c) 

Ai^. (d) 

7 . Which one of the following statements is wrong? 

(a) Ionic carbides are formed by highly electropositive 
metals. 

(b) Carborundum and boron carbide are trm covalent 
carbide. 

(c) Carborundum and boron carbide are used as abrasive. 

(d) Mg2C3 like CaC2 on hydrolysis evolves C2H2. 

Ans. (d) 

[Hint : Mg2C3 on hydrolysis evolves propyne. Mg2C3 + 4H2O 
-> 2Mg(OH)2 + CH3— C=CH (propyne)] 


8 . In (Si04)^ (tetrahedral structure), three oxygen atoms are 

shared in which of the following? [LLT. 2005 ] 

(a) Sheet silicates (b) Three dimensional silicates 

(c) Linear silicate (d) Pyrosilicate 

Ans. (a) 

[Hint : See page No. 427 ] 

9 , In silicon dioxide : [A.I.E.E.E. 2005 ] 

(a) each silicon atom is surrounded by four oxygen atoms 
and each oxygen atom is bonded to two silicon atoms 

(b) each silicon atom is surrounded by two oxygen atoms 
and each oxygen atom is bonded to two silicon atoms 

(c) silicon atom is bonded to two oxygen atoms 

(d) there are double bonds between silicon and oxygen atoms, 
Ans. (a) 

[Hint : Each silicon atom is surrounded tetrahedrally by™foiiii_ 
oxygen atoms. 

1 I 

O O 



I I 

o o 


10. Silica reacts with magnesium to form a magnesium compound 
(X). (X) reacts with dilute HCl and forms (Y). (Y) is : 

[E.A,M.C.E.T. 2004 ] 

(a) MgO (b) Mga2 

(c) MgSiO (d) SiCU 

Ans. (b) 

[Hint : Si02 + 2Mg —^ 2MgO + Si; MgO + 2HC1-> MgCl 2 

m iX) (K) 

+ H2O] 

11. Silica is reacted with sodium carbonate. What is the gas 

liberated ? [E.A.M.C.E.T. 2005 ] 

(a) CO (b) O2 

(C) OO2 (d) O3 

Ans. (c) 

[Hint : Si02 + Na 2 C 03 -> Na 2 Si 03 + CO 2 ] 

12. Pb and Sn are extracted from their chief ores by : 

[Li;n 2004 ] 

(a) carbon reduction and self reduction 

(b) self reduction and carbon reduction 

(c) electrolysis and self reduction 

(d) self reduction and electrolysis 
Ans. (b) 

[Hint : PbS + 2 PbO -^ 3 Pb + SO2 (self reduction) ; SnOa + C 

—Sn 4* CO2 (caibon reduction)] 

13. The soldiers of Napoleon army while at Alps during freezing 
winter suffered a serious problem as regards to tin buttons 
of their uniforms. White metallic buttons of tin got converted 
to grey powder. This transformation is related to : 

[A.LE.E.E. 20M1 
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(a) an interaction with nitrogen of the air with very low 
temperature 

(b) an interaction with water vapour present in humid air 

(c) a change in the partial pressure of oxygen present in the 
air 

(d) a change in the crystalline structure of tin 
Ans. (d) 

[Hint : White tin converts itself into grey tin at 18 °C.] 

14 . Ge (II) compounds are powerful reducing agents whereas Pb 
(IV) compounds are strong oxidants. It can be due to : 

(a) Pb is more electronegative than Ge 

(b) ionisation potential of lead is less than that of Ge 


(c) ionic radii of Pb^'*’ and Pb^"*" are larger than those of Ge^'*’ 
andGe'*"' 

(d) more pronounced inert pair effect in lead than in Ge. 
Ans. (d) 

15 . Buckminsterfullerene is : 

(a) graphite (b) diamond 

(c) C -60 (d) bone charcoal 

Ans. (c) 

[Hint : Fullerene, a carbon allotrope, consists of spherical C -60 
molecules with the extra ordinary shape of a soccer ball. It 
has 12 pentagonal and 20 hexagonal faces with each atom 

9 

5 /7“ hybridized and bonded to three other atoms.] 




OBJECTIVE QUESTIONS 



Set I : This set contains questions with single correct answer. 


2 . 


3. 


4. 


5. 


In the ground state the carbon atom has..unpaired 

electron/electrons: 

(a) 2 □ (b) 3 □ 

(c) 4 □ (d) no □ 

What is the general electronic configuration of group 14 or 
rVA elements: 


□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 


6 . 


7. 


8 . 


9. 


(a) ns^ np^ □ (b) ns^ np^ 

(c) np^ □ (d) 

The element which forms only one hydride is : 

(a) C □ (b) Si 

(c) Pb □ (d) none of these 

Carbon shows tetravalency due to: 

(a) s p hybridization □ fo) d p hybridization 

(c) dsi? hybridization □ (d) sp^ hybridization 

In group IVA or 14 of the extended form of the periodic table 
with increase in atomic number, the metallic character: 

(a) increases 

(b) decreases 

(c) remains the same 

(d) first increases then decreases 
The species present in solution when CO2 is dissolved in 
water: 

□ 
□ 

(c) C02,H2C03 □ 

(d) CO2, H2CO3, HCOJ, € 01 “ □ 

[Hint : CO2 + H2O H2CO3 H"" + HCOi ;?=i: 

2H'" + COj"] 

Diamond and graphite are: 

(a) isomers □ (b) allotropes □ 

(c) isotopes □ (d) polymers □ 

Carbon has valency four in CH4. Its valency in acetylene is: 
(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

Which of the following is a good conductor of electricity? 
(a) diamond □ (b) graphite □ 

(c) coal □ (d) none of these □ 


(a) H2C03,C0f 

(b) HCOj.COl" 


10 . 


11 . 


12 . 


13. 


14. 


15. 


Which of the following is the chemically inactive allotropic 
form of carbon? 

(a) diamond □ (b) coal 

(c) charcoal □ (d) animal charcoal 

The use of diamond as a gem depends on its: 

(a) hardness □ (b) high refractive index 

(c) purest form of carbon □ (d) chemical inertness 

CO forms a volatile compound with: 

(a) nickel □ (b) copper 

(c) sodium □ (d) aluminium 

A colourless gas which bums with blue flame and reduces 
CuO to Cu is: 

(a) N2 □ (b) CO 

(c) CO2 □ (d) NO2 

Fire extinguishers contain a bottle of H2SO4 and: 

(a) CaC03 □ (b) MgC03 

(c) NaHC03 □ (d) any carbonate 

H2SO4 is not used for the preparation of CO2 from marble 
chips because: 


,□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 


16. 


17. 


18. 


19. 


(a) it does not react 


□ 

(b) huge amount of heat is evolved 

□ 

(c) the reaction is vigorous 

□ 

(d) calcium sulphate is 

sparingly soluble and get deposited 

on marble chips and stops the reaction 

Producer gas is the mixture of: 

□ 

(a) CO and N2 

□ (b)COandH2 

□ 

(c) N2 and NH3 

□ (d) CO, H2and N2 

□ 

A dry ice piece is composed of: 


(a) solid He 

□ (b) solid CO2 

□ 

(c) solid SO2 

□ (d) solid C6H6 

□ 

In laboratory burners, 

we use: 


(a) producer gas 

□ (b) coal gas 

□ 

(c) oil gas 

□ (d) gobar gas 

□ 

Maximum ability of catenation is shown by: 


(a) carbon 

□ (b) nitrogen 

□ 

(c) oxygen 

□ (d) sulphur 

□ 
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20 . Graphite is a good conductor of electricity because it 


contains: 

(a) bondal electrons □ (b) mobile electrons □ 

(c) strong C^—C bonds □ (d) strong C=C bonds □ 

21 . Which form of the carbon has a two dimensional sheet like 
structure? 

(a) Diamond □ (b) Coal □ 

(c) Graphite □ (d) Coke □ 

22 . If CO2 is passed in excess into lime water, the milkiness first 
formed disappears due to: 

(a) reversal of the original reaction □ 

. (b) formation of volatile calcium derivative □ 

(c) formation of water soluble calcium bicarbonate □ 

(d) the solution getting heated by exothermic reaction □ 

23 . When steam is passed through red hot coke: 

(a) CO2 and H2 are obtained □ 

(b) CO and N2 are formed □ 

(c) CO and H2 are obtained □ 

(d) petrol gas is obtained □ 


24 . Glass could be considered as: 

(a) amoiphous solid □ (b) 

(c) crystalline solid □ (d) 

25 . An important ore of lead is: 

(a) magnesite □ (b) 

(c) bauxite □ (d) 

26 . Glass is soluble in: 

(a) HF □ (b) 

(c) Ha04 □ (d) 

27 . An alloy which does not contain 

(a) bell metal □ (b) 

(c) brass □ (d) 

28 . Coal gas is a mixture of: 


(a) COand H2 □ 

(b) H2, saturated and unsaturated hydrocarbons, CO, CO2, 

N2 and O2 □ 

(c) satumted and unsaturated hydrocarbons □ 

(d) C0,C02andCH4 □ 

29 . [8104]^“ has tetrahedral structure, the silicate formed by using 
three oxygen has a : 

(a) linear polymeric structure □ 

(b) three dimensional structure □ 

(c) pyrosilicate sixuctum □ 

(d) two dimensional sheet structure □ 

30 . Coal gas: 

(a) bums with a smoky flame □ 

(b) bums with non-smoky flame □ 

(c) is not used for lighting purposes □ 

(d) is not a good fuel □ 

31 . Mark the correct statement: 

(a) Water gas is used in the manufacture of methyl alcohol 

□ 

(b) Water gas has the highest calorific value □ 

(c) Water gas bums with luminous flame □ 


(d) The production of water gas is exothemaic process □ 


32 . The stmcture and hybridization of Si(CH3)4 is: 

(a) bent, sp □ (b) trigonal, sp^ □ 

(c) octahedral, sp^cf □ (d) tetrahedral, sp^ □ 

33 . Among the following substituted silanes, the one which will 

give rise to cross linked silicone polymer on hydrolysis is : 
(a) RSiCh □ (b) /?4Si □ 

(c) ^SiQa □ (d) i?3SiCl □ 

34 . Stmctural units of ice and dry ice are respectively: 

(a) H20,C0 □ (b) C02,H20 □ 

(c) H20,C02 □ (d)CO,C02 □ 

35 . Which of the following is a semiconductor? 

(a) C □ (b) Pb □ 

(c) Ge □ (d) Sn D 

36 . Carbon atoms in diamond are bonded with each other in a 
configuration: 

(a) linear □ (b) planar □ 

(c) octahedral □ (d) tetrahedral □ 

37 . Carbon dioxide is used for extinguishing fire because: 

(a) it has a relatively high critical temperature "“B“ 

(b) in solid state, it is called dry ice □ 

(c) it is neither combustible nor a supporter of combustion 

□ 

(d) it is a colourless gas □ 

38 . The glass having the smallest coefficient of thermal 
expansion is : 

(a) soft glass □ (b) hard glass □ 

(c) sodalime glass □ (d) pyrex glass □ 

39 . ^TOen the destructive distillation of coal is done, the 
non-volatile residue left in the retort is: 

(a) gas carbon □ (b) coke □ 

(c) coal-tar □ (d) lampblack □ 

40 . A fuel will have a large fuel value if one gram of it on burning 
gives more of: 

(a) carbon dioxide □ (b) water vapours □ 

(c) ash □ (d) calories □ 

41 . For complete combustion of a fuel we shall need : 

(a) high temperature □ 

(b) an excess of air □ 

(c) high air pressure O 

(d) an excess of air and high temperature □ 

42 . Annealing of glass is done to: 

(a) prevent it from becoming brittle and fragile □ 

(b) make it opaque □ 

(c) make it transparent □ 

(d) make it brittle □ 

43 . Colour is imparted to glass by mixing: 

(a) synthetic dyes □ (b) metal oxides □ 

(c) non-metal oxides □ (d) colour^ salts □ 

44 . Which of the following is not hydrolysed? 

IJ.E.E. (Orissa) 2 (rt 0 ] 
(a) CCI4 □ (b) SiCl4 □ 

(c) SnCU □ (d) PbCl4 □ 

45 . The poisonous gas present in the exhaust fumes of car is: 

(a) methane □ (b) acetylene □ 

(c) carbon monoxide □ (d) ethane □ 


an organic polymer □ 
super cooled liquid □ 


caraallite □ 

galena □ 

H2SO4 □ 

aqua-regia □ 

copper is: 

bronze □ 

solder □ 
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46 . Phosgene is the common name given to: 

(a) carbonyl chloride □ (b) phosphine □ 

(c) phosphorus oxychloride □ 

(d) phosphorus trichloride □ 

47 . Red lead is: 

(a) PbO □ (b) Pb02 □ 

(c) Pb304 □ (d) PbaOs □ 

48 . Which of the following halides is least stable and has 
doubtful existence? 

(a) 04 □ (b) Snl4 . □ 

(c) Gel4 □ (d) Pbl4 □ 

49 . Which one of the oxides is neutral? 

(a) CO □ (b) Sn02 □ 

(c) 2^0 □ (d) SiOa □ 

50 . An example of major air pollutant is: 

(a) O2 □ (b) CDs n 

(c) CO □ (d) He □ 

51 . Identify the correct stateniept with respect to CO: 

(a) it combines with water to give carbonic acid □ 

(b) it combines with haemoglobin of the blood □ 

(c) it is a powerful oxidising agent □ 

(d) it is used to prepare aerated water . □ 

52 . Which of the following compounds is used as a reducing 
agent? 

(a) SnOs □ (b) SnSs □ 

(c) SnCl4 □ (d) SnCls □ 

53 . Which of the following statements is not cori^t? 

(a) Lead salts are slow poisons □ 

(b) Lead metal is used in accumulators □ 

(c) Plumbosolvency increases by the presence of carbo- 

nates, sulphates, phosphates, etc. □ 

(d) Lead is a soft metal □ 

54 . Chrome yellow is chemically called: 

(a) lead chromate □ (b) lead sulphate □ 

(c) lead iodide □ (d) basic lead acetate □ 

55 . The formula of white lead is: 

(a) Pb(0H)2 PbC03 □ (b) 2PbC03 Pb(0H)2 □ 

(c) Pb(OH)2Pb(CH3COO)2n (d) PbC03 Pb0 □ 

56 . Which of the following is a covalent carbide? 

(a) CaC2 □ (b) AI4C3 □ 

(c) WC □ (d) SiC □ 

57 . The anhydride of carbonic acid is: 

(a) CO □ (b) CO2 □ 

(c) C3O2 □ (d) none of these □ 

58 . The hydroxide of which metal ion is soluble in excess of 
sodium hydroxide solution: 

(a) Fe^-" □ (b) Cr^ □ 

(c) □ (d) □ 

59 . Which one of the oxides is most acidic? 

(a) Na20 O (b) NiO □ 

(c) CaO □ (d) SnO □ 

60 . The number of carbon compounds is very large because: 

(a) carbon is tetra-valent □ 

(b) it has nommetallic character □ 

(c) it shows allotropy O 


(d) it has strong catenation property □ 

61 . The heat of combustion of carbon is 94 kcal. The calorific 
value of carbon is about: 

(a) 7.8 kcal □ (b) 15.6 kcal □ 

(c) 47.0 kcal □ (d) 94 kcal □ 

62 . Which compound is called sugar of lead? 

(a) PbCl2 □ (b) Pb(N03)2 □ 

(c) PbS04 □ (d) Pb(CH3COO)2 □ 

63 . The number and type of bonds between two carbon atoms 
in CaC2 are: 

(a) one sigma and one pi bond □ 

(b) one sigma and two pi bonds □ 

(c) one sigma and one and a half pi bond □ 

(d) one sigma bond □ 

64 . When a mixture of air and steam is passed over red hot coke, 
the outgoing gas contains: 

(a) producer gas □ (b) water gas □ 

(c) coal gas □ (d) none of these □ 

65 . Tin reacts with cone. HNO3 and gives: 

(a) stannic nitrate □ (b) stannous nitrate □ 

(c) metastannic acid □ (d) none of these □ 

66. Which substance is used as lubricant? 

(a) SnCl2 □ (b) Si02 □ 

(c) graphite □ (d) quartz □ 

67 . The colour imparted by Co(II) compounds to glass is : 

[A. 1 XMS. 2006 ] 

(a) deep blue □ (b) green □ 

(c) yellow □ (d) red □ 

68. The principal constituent of pyrex glass is: 

(a) Zn □ (b) B □ 

(c) Pb □ (d) Fe' □ 

69 . The difference in properties of €H4 and SiH4 is due to: 

(a) large difference in the electronegativity of carbon and 

silicon □ 

(b) large difference in size of carbon and silicon atoms □ 

(c) the inability of carbon to expand its octet □ 

(d) the inability of silicon to form double bonds □ 

70 . CCI4 is inert towards hydrolysis but SiCl4 is readily hydro* 
lysed because: 

(a) carbon cannot expand its octet but silicon can expand 

its octet □ 

(b) ionisation potential of carbon is higher than silicon □ 

(c) carbon forms double and triple bonds □ 


(d) electronegativity of carbon is higher than that of silicon 

□ 

71 . Which of the following oxides has thr^ dimensional 


structure? 

(a) CO □ (b) CO2 n 

(c) SiOa □ (d) SO2 □ 

72 . When carbon bums in air it forms two oxides CO and CO2. 
This shows that carbon has:' 

(a) two allotropic forms □ 

(b) two oxidation states □ 

(c) two isotopes □ 

(d) four electrons in valency shells □ 
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73 . In silicon dioxide : 

(a) there are double bonds between silicon and oxygen 

atoms □ 

(b) each silicon atom is surounded by four oxygen atoms 
and each oxygen atom is bonded to two silicon atoms 

□ 

(c) silicon is bonded to two silicon atoms □ 

(d) each silicon atom is surrounded by two oxygen atoms 
and each oxygen atom is bonded to two silicon atoms 

□ 


74 . In the manufacture of glass the addition of Mn02 gives: 

(a) yellow colour □ (b) red colour □ 

(c) violet colour □ (d) pink colour □ 

75 . Which is not used as pigment in paints? 

(a) PbCi04 □ (b) Pb02 □ 

(c) White lead □ (d) Pb304 □ 

76 . Lead dissolves most readily in: 

(a) acetic acid □ (b) sulphuric acid □ 

(c) nitric acid □ (d) hydrochloric acid □ 

77 . Which of the following metals is an important ingredient of 
transistors? 

(a) Osmium □ (b) Germanium □ 

(c) Gold □ (d) Senium □ 

78 . The gas which is present both in producer gas and in water 
gas is: 

(a) N2 □ (b) H2 □ 

(c) CO □ (d) CO2 □ 

79 . Which glass has the highest percentage of lead? 

(a) Soda glass □ (b) Flint glass □ 

(c) Jena glass □ (d) Pyrex glass □ 

80 . Which does not exist? 

(a) [COd^- □ (b) [Sicy^- □ 

(c) [GeFgf- □ (d) [SnClfif- □ 

81 . The material used in solar cells contains: 

(a) Si □ (b) Sn □ 

(c) Ti □ (d) Cs □ 

82 . 'Softening of lead’ means: 

(a) conversion of lead to PbO □ 

(b) conversion of lead to Pb304 □ 

(c) removal of impurities (metallic) from lead □ 

(d) washing lead with HNO3 followed by a dil. alkali 

solution □ 

83 . 'Lead pencil’ contains: 

(a) graphite □ (b) lead □ 

(c) charcoal . □ (d) lead sulphide □ 

84 . Electrolytic bath in electrolytic refining of lead contains: 

(a) H2SiF6 0nly □ 

(b) PbSiF6only □ 

(c) H2SiF6 in presence of gelatin □ 

(d) H2SiF6 and PbSiF^ in presence of gelatin □ 

85 . Which of the following oxides is amphoteric in character? 

IA.LE.E.K. 2 () 05 ) 

(a) CaO □ (b) CO2 □ 

(c) Si02 □ (d) Sn02 □ 


86. Solder is an alloy of: [A.F.M.C- 2005 ] 

(a) 70 % Pb, 30 % Sn □ (b) 33 % Pb, 67 % Sn □ 

(c) 80 % Pb, 20 % Sn □ (d) 90 % Cu, 10 % Sn □ 

87 . Solid carbon dioxide is used as : 

(a) poison □ (b) five extinguisher O 

(c) refrigerant □ (d) artificial respirant □ 

88. When Pb02 reacts with cone, HNO3, the gas evolved is: 

IA,LE.E.E* 2005 ] 

(a) NO2 □ (b) O2 □ 

(c) N2 □ (d) N2O □ 

When steam reacts with red hot coke to form CO2 and 
hydrogen: 

(a) water acts as oxidising agent □ 

(b) water acts as reducing agent □ 

(c) carbon acts as oxidising agent □ 

(d) there is no oxidation or reduction . □ 

90 . Synthesis gas is a mixture of: 

(a) CO + steam □ (b) CO + N2 □ 

(c)CO + H2 □ (d)C 02 + CHi:'^' 

91 . Bond energy is highest for: 

(a) Sn^Sn □ (b) C—C □ 

(c) Si^-Si □ (d) Ge~-Ge □ 


92 . Graphite is soft and lubricant, extremely difficult to melt. The 
reason for this anomalous behaviour is that graphite: 

[A. 1 *E.E,E. 2003 ] 

(a) has carbon atoms arranged in large plates of rings of 
strongly bound carbon atoms with weak interplate 


bonds □ 

(b) is a non-crystalline substance □ 

(c) is an allotrope form of carbon □ 

(d) has molecules of variable molecular masses like 

polymers . □ 

93 . Which of die following is conectteomposition of water gas? 

(a) CO + CI2 □ (b)CO + N2 □ 

{c)CO + H2 □ (d)CO + H 24 -N 2 □ 

94 . What is the formula of carbon suboxide? 

(a) CO □ (b) CO2 □ 

(c) C2O4 □ (d)C302 □ 

95 . Which of the following halide of carbon is used as 
refrigerant? 

(a) CCI4 □ (b) CF4 □ 

(c) CH2a2 □ (d) CH2F2 □ 

96 . The carbide which giyes propyne on hydrolysis: 

(a) AI4C3 □ (b) CaC2 □ 

(c) Fe3C □ (d) Mg2C3 □ 

97 . Which among the following carbides is methanide? 

(a) AI4C3 □ (b) CaC2 □ 

(c) Be2C □ (d) SiC □ 

98 . Percentage of lead in lead pencil is: 

(a) zero □ (b) 20 □ 

(c) 80 □ (d) 70 □ 

99 . CCI4 is used as fire extinguisher because: 

(a) its m.pt. is high □ (b) it fonns covalent bond □ 

(c) its b.pt. is low □ 

(d) it gives incombustible vapoui^ □ 
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100, The correct order of increasing C—O bond length of CO, 
COa^.COiis: [C.B.S.E. 2007] 


(a) COf < CO 2 < CO □ (b) CO 2 < CO 3 < CO 
(c) CO < CO^- < CO 2 □ (d) CO < C 02 .< col" 


□ 
□ 

101. FbF 4 , PbCl 4 exists but PbBr 4 and Pbl 4 not exist 

because of: (Haryana) 2000] 

(a) large si^ of Br“ and 1“ □ 

(b) strong oxidising character of Pb^*^ □ 

(c) strong reducing character of Pb'^'*' □ 

(d) low electronegativity of Br” and F □ 

102. Marsh gas contains: [A.FJVI.C. 2001] 

{a)CH4 □ (b)C02 □ 

(c) C 2 H 6 □ (d) N 2 □ 

103. Which of the following is most stable? [C.P.M.T. 2001] 


□ (b) □ 

□ (d) □ 

[B.V. (Pune) 2002] 

□ (b) SnCl 2 - 2 H 20 □ 

□ (d) SnCU-SHaO □ 


(a) 

(c) 

104. Butter of tin is: 

(a) Sna 2 * 5 H 20 
(c) SnCl 44 H 20 

105. Biogas and producer gas are made up of: 

[B.V. (Fwne) 2002] 

(a) biogas contains CO 2 but producer gas does not □ 

(b) producer gas contains CO but not CO 2 □ 

(c) both biogas-and producer gas have N 2 □ 

(d) all the three above □ 

106. Me 2 SiCl 2 on hydrolysis will produce: [LLT. (S) 2003] 

(a) Me 2 Si(OH )2 □ 

(b) Me2Si = 0 □ 

(c) □ 

(d) Me 2 SiC 10 H □ 

107. Carborundum is: [B^ELU. 20031 

(a) AI 2 O 3 □ (b) SiC □ 

(c) BF 3 □ (d) B 4 C □ 

108. Which of the following is the composition of solder? 

[A.FJ^LC 2003] 

(a) Cu + Zn □ (b) Pb + Sb □ 

(c)Cu + Sn □ (d)Pb + Sn □ 

109. For making good quality mirrors, plates of float glass are 

used. These are obtained by floating molten glass over a 
liquid metal, which does not solidify before the glass. The 
metal used is: [AJ.FXE. 20031 

(a) Hg □ (b) Sn □ 

(c) Na □ '(d) Mg □ 

110 . ‘A’ when added to silica will give ‘A' and ‘B’ are: 

tDJP.M.T. 2W7] 

(a)HF,H 2 SiF 4 □ (b) HF,H 2 SiF 6 □ 

(c) HCi,H2SiCl6 □ (d)ffl,H2Sil6 □ 

111. In SiF|" arid SiCl|“ which one is known and why? 

[D,C JL (Ei^,) 2007] 
□ 
□ 
□ 
□ 


(a) SiF 6 because of small size of F 

(b) SiF^” because of large size of F 

(c) SiClg because of small size of Cl 

(d) SiCI^ because of large size of Cl 
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1 12. Which is likely to show inert pair effect? 

[D.C.E, (En^) 2007] 
(a) K □ (b) Mg □ 

(c) A] □ (d) Pb □ 

113. The stability of dihalides of Si, Ge, Sn and Pb increases 

steadily in the sequence: 1A.LE.E.E.2067] 

(a) PbX 2 < SnXa <, GeXa < SiXj □ 

(b) GeXj < SiXa < SnXj < PbXj □ 

(c) SiXa < GeXa < PbX 2 < SnXj □ 

(d) SiX 2 < GeX 2 < SnX 2 < PbX 2 □ 

114. Which of the following oxidation states are the most charac¬ 

teristic for lead and tin respectively? [C.B.S.E, 2007] 
(a) +2,+4 □ (b) 44,44 □ 

(c) 4-2,4-2 □ (d) 44,4-2 □ 

115. Which one of the following is present in the chain structure 

of silicates? [C.B,S.E. 2007] 

(aXSijOfl^ .□ (b)(SiC^l„ 


(c) (Si 04 )‘^ □ (d) SijOf” □ 

116. Which of the following has the highest calorific value? 

[B.H.U, 2007] 

(a) Coal gas □ (b) Water gas □ 

(c) Producer gas □ (d) Carbon dioxide gas □ 

117. The hybrid state of carbon atoms in C^o molecule is: 


□ (b) sp 


□ (d) sp 


□ 
□ 

IA.LLMJS, 2007] 

□ (b) Pb02 □ 

□ (d) Pb(CH 3 COO )2 □ 


(a) sp 
(c) dsp^ 

118 . Litharge is chemically: 

(a) PbO 
(c) Pb304 

119. SiCU-^X-l^F 

In the above reaction, X and Y respectively are: 

IE.AJVI.C.E.T. (Med.) 2007] 
(a) Si02 and Si □ (b) H4Si04 and Si02 □ 

(c) H2SiCl6andSi02 □ (d) H4Si04 and Si □ 

120 . AI4C3 on hydrolysis gives.gas. 

[J-E.E. (Orissa) 2007] 
(a) CH4 □ (b) C2H6 □ 

(c) C2H4 □ (d) C2H2 □ 

121 . Diamond is hard because: {VXXE,E^.* 2008 ] 

(a) all the four valence electrons are bonded to each carbon 

atoms by covalent bonds □ 

(b) it is a giant molecule □ 

(c) it is made up of carbon atoms □ 

(d) it cannot be burnt □ 

122 . Among the following substituted silanes the one which will 
give rise to cross-linked silicone polymer on hydrolysis is: 

[AJ.E.E.E.2008J 

(a) BsSiCl □ (b) R4Si □ 

(c) BSiCls □ (d) B2SiCl2 □ 

123 . The incorrect statement/s among the following is/are: 

[P.EX (Kerala) 2008] 
1 . NCI5 does not exist while PCI5 does, 
n. Lead prefers to form tetravalent compounds. 
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in. The three C^D bonds are not equal in the carbonate 
ion. 

Both O 2 and NO are paramagnetic. 

(a) I, mandIV □ (b) land IV □ 

(c) n and in □ (d) 1 and m . □ 

(e)IVonly □ 

[Hint : Lead prefers to form divalent compounds due to inert pair 
effect. In carbonate ion, all the three C—O bonds are equal 
due to resonance.] 

124. In silica, Si 02 , each silicon atom is bonded to: 

[U.P^.E,E. (En^.) 2CM18) 

(a) two oxygen atoms □ 

(b) four oxygen atoms □ 

(c) one silicon and two oxygen atoms □ 

(d) one silicon and four oxygen atoms □ 

125. C—C bond length is maximum in: [U.P.S.E.E, (Engg*) 2008] 

(a) diamond □ (b) graphite □ 

(c) naphthalene □ (d) fuUerene □ 

126. Silica is reacted with sodium carbonate. What is the gas 

liberated? [C.P.MX imB] 

(a) CO O (b )02 □ 

(c) CO 2 □ (d) O 3 □ 

127. The straight chain polymer is formed : 

[C3S.E. (RM,T.) imn 

(a) hydrolysis of CH 3 SiCl 3 followed by condensation poly¬ 
merisation □ 

(b) hydrolysis of (CH 3 ) 4 Si followed by addition poly¬ 
merisation □ 


(c) hydrolysis of (CH 3 ) 2 SiQ 2 followed by condensation 

polymerisation □ 

(d) hydrolysis of (CH 3 ) 3 SiCl followed by condensation 

polymerisation □ 

128. Which of the following statements is not correct? 

[J.E.E. (W.B.) 2009] 

(a) Silicon is used extensively as a semiconductor □ 

(b) Carborundum is SiC □ 

(c) Silicon occurs in free state in nature □ 

(d) Mica contains the element silicon □ 

129. On heating K 4 Fe(CN )5 with Cone. H 2 SO 4 gives the gas : 

P.E.E. (Orissa) 2009] 

(a)S02 □ (b)C02 □ 

(c) CO □ (d) NO 2 □ 

130. Products formed, when Pb(N 03)2 is heated, are : 

[J,E.E. (Orissa) 2009] 

(a)Pb0,N2,02 □ (b)Pb(N02)2.02 □ 

(c)PbO,.N 02,02 r □ (d) Pb,N 2 v 02 - - •-Q~ 

13L The products of the following reaction are : 

Si 02 -f C .—L> Products 

[,LK.E. (Orissa) 2010] 

(a) SiC and CO 2 □ 0) SiO and CO □ 

(c) SiC and CO □ (d) Si and CO □ 

132. Which of the following has least tendency to undergo 
catenation ? IA.M.U. (Engg.) 2010] 

(a) C □ (b) Si □ 

(c) Ge □ (d) Sn □ 


Set n: This set contains questions with two or mom correct answers. 


133. Carbon dioxide is isostructural with: 

(a) Hga 2 □ (b) SnCl 2 □ 

(c)C 2H2 □ (d)N02 O 

134. CO is isostructural with: [LLT. (S) 19921 

(a)SnCl 2 □ (b)HgCl 2 □ 

(c)Sa 2 □ (d)Znl 2 □ 

135. Which of the given is/are amphoteric? 

[LS.M.(Dhanbad) 19941 
(a)BeO □ (b)Ag 20 □ 

(c) CO 2 d (d) Sn 02 D 

136. Decomposition of oxalic acid in presence of cx)nc. H 2 SO 4 
gives: 

(a) CO □ (b)(X )2 □ 

(c) formic acid □ (d) H 2 O □ 

137. Which of the following are tme about silicones? 

(a) They are formed by hydrolysis of i ?2 SiCl 2 □ 

(b) They are polymer, made up of R 2 Si 02 units □ 

(c) They are made up of SiOf" units □ 

(d) They are macromolecules □ 

138. Which among the following statements are correct? 

(a) Aqua dag and oil dag are made up of graphite □ 

(b) Graphite reacts with cone, HNO 3 to form mellitic acid 

C6(C00H)6 □ 


(c) C 3 O 2 is also toxic like CO □ 

(d) Zircon, ZrSi 04 is a gemstone □ 

139. The non-existence of Pbl 4 is due to: 

(a) highly oxidising nature of Pb'^'^ □ 

(b) highly reducing nature of Pb^"^ □ 

(c) sufficiently large covalent character □ 

(d) highly reducing nature of V ions □ 

140. Which is not correct? 

(a) Ge(OH )2 is amphoteric □ 

(b) SnCl 4 is more stable than SnCla □ 

(c) Trisilylamine is pyramidal □ 

(d) GeCU in HCl forms H 2 [GeCy □ 

141. Carbon differs from the rest of the family members because 
of: 

(a) number of unpaired electrons in valence shell □ 

(b) small size □ 

(c) non-availability of vacant orbitals in valence shell □ 

(d) non-availability of ^/-orbitals in valence shell □ 

142. Which of the following carbides on treatment with water 

give methane? [B.H.U. 20071 

(a) CaC 2 □ (b) Be^ □ 

(c)Al4C3 □ (d)Mg2C3 □ 
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143. Which of the metal oxides are reduced by CO? 
(a) ZnO □ (b) Fe 203 

(c) CaO □ (d) Na20 


144. Which of the following are the ores of lead? 

□ (a) Galena □ (b) Anglesite 

□ (c) Cerussite □ (d) Plumbago 
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GR.B. Inorganic Chemistry for Competitions 


Objective Questions for IIT ASPIRANTS 



1. A red coloured mixed oxide (X) on treatment with cone. HNO 3 
gives a compound (T). (F) with HCl produces a chloride (Z) 
which is insoluble in cold water but soluble in hot water.(Z) 
can also be formed by treating (X) with cone. HCl. Com¬ 
pounds (X), (F) and (Z) am: 

(a) Pb 304 , Pb 02 , PbCl 2 (b) Mn 304 , Mn 02 , MnCl 2 
(c) Fe 304 , Fe 203 , FeCl 3 (d) Fe 304 , FeO, FeC^ 

[Hint : Pb304 (X) is red coloured mixed oxide consisting PbO and 
Pb02. 

Pb304 4- 4HNO3-> 2 Pb (N03)2 + Pb02 + 2H2O; 

(Y) 

PW)2 + 4 HC]-> PbCl2 + 2H2O + CI2 

(K) m 

PbCl2 is insoluble in cold water but soluble in hot water. 

Pb 304 + 8 HC 1 -> 3 PbCl 2 + 4H2O + CI2 ] 

(^) 

2. An inorganic compound (A) made of two most occurring 
elements in the earth’s crust and used in building construc¬ 
tion when made to react with carlx>n, forms a poisonous gas 
(B) which is most stable diatomic molecule. Compounds (A) 
and (B) are: 

(a) Si 02 ,C 02 (b) Si 02 ,C 0 

(c) Si 02 ,N 2 (d) Ca 0 ,C 02 

[Hint ; Si02 is a compound of oxygen and silicon, the two most 
abundant elements of earth’s crust and is used in building 
construction. 

Si02 + 2 C-> Si + 2 CO (poisonous gas and a stable 

diatomic molecule) ] 

3. SnCl 2 + HCl + l 2 ->(A) + (B) 

The compounds (A) and (B) are: 

(a) Snl 2 ,Cl 2 (b) H 2 SnCl 4 ,HI 

(c) SnCl 4 ,HI (d)HSnCl 3 ,HI 

[Hint ; SnCh decolourises iodine forming colourless HI. 

SnCli + 2 HCI + I2-^ SnCl4 + 2 HI ] 

4. Bucky ball or buckminsterfullerene: 

(a) is an allotrope of carbon 

(b) is referred as C-60 

(c) has sp hybridized nature and resembles with soccer 
ball 

(d) all of the above 

5. When concentrated H 2 SO 4 is added to K 4 Fe(CN) 6 , CO is 
evolved. If in place of concentrated H 2 SO 4 , dilute H 2 SO 4 is 
used, what gas will be evolved? 

(a) CO (b) HCN 

(c) N 2 (d) CO 2 

[Hillt! K4Fe(CN)6 + 3H2SO4 (dil.) 2K2SO4 + FeS 04 + 6HCN] 

6 . Which tetrahalide does not act as Lewis acid ? 

(a) CCI 4 (b) SiF 4 

(c) GeCl 4 (d) SnCl 4 

[Hint ICC14 does not form heXachloro complex as d-orbitals are 
not present in carbon but rest of the tetrahalides can form 
hexahalo complexes.] 


A mixture of two gases is formed when an organic acid is 
heated with cone. H 2 SO 4 , When the gaseous mixture is 
passed through KOH solution, one gas is absorbed. The 
unabsorbed gas combines with chlorine and forms a 
poisonous gas. The organic acid and the two gases evolved 
with cone. H 2 SO 4 are respectively: 


(a) GH 3 C 00 H,C 02 ,C 0 
(c) HCOOH,CO,H?0 
[Hiiit:COOH 


(b) oxalic acid, CO 2 , CO 
(d) none of these 


COOH 


Cone. H 3804^ 
-HjO ^ 


CO + CO, 


CO2 is 
absorbed 


CO ^ 
id 

COC12 

Poisonous gas ] 


2BC1 + Si 


Cu powder 


570 K 

(A). (A) is: 

(a) cyclic silicone 
(c) linear silicone 
[Hint : See page no. 426 ] 

SiCU ) (ri) - 

compound (Q is; 

(a) SiOa (b) Si 

[Hint : SiCL + H.O-- 


/?,SiClo 


/?2Si(OH)2 


Polymerisation 


(b) cross linked silicone 
(d) none of these 


HhNa^CO^t 


(O. The 


(c) SiC 


Si(OH)4 


(d) Na 2 Si 03 

Na2CO_^ 


Na 2 Si 03 ] 
iQ 

When a mixture of air and steam is passed over red hot coke, 
the outgoing gas contains: 

(a) producer gas (b) water gas 

(c) coal gas (d) mixture of (a) and (b) 


CO-i-Hd 

Water gas 


[Hint ; Coke + air- > CO + N2 ; Coke + H2O -> CO+Hsl 

Producer gas Steam Water gas 

11 . Lead oxide (PbO) can be dissolved in; 

(a) HNO 3 (b) HCl 

(c) H 2 SO 4 (d)H 20 

[Hint : PbO dissolves in HNO3 as it forms lead nitrate which is 
soluble. 

PbO + 2HNO3-> Pb(N03)2 + H2O 

HCl forms insoluble PbCl2 and H2SO4 forms insoluble 
PbS04. PbO is insoluble in water also.] 

12* Which silicon compound is used as lubricant ? 

(a) Asbestos (b) Silicone 

(c) Oolite (d) Mica 

13. A colourless solution (X) gives black precipitate on passing 
H 2 S, (X) also gives a white precipitate with stannous chloride 
which gradually changes to grey. What may be (X)? 


(a) PbCl 2 
(c) HgCl 2 

[Hint :HgCl 2 + H 2 S — 
HgCl2 + SnCl2- 


(b) CdBr 2 
(d) Cu(N 03)2 
HgS + 2 HC 1 ; 

Black 

SnCb 

-4 Hg2Cl2 -^ 21 

White Grc 
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14. CaC 03 (s)-Jl 2 L 4 (A)( 5 ) + (B){g) 

4 -Carbon 

_!!!!!_(C)W + (D)(g) 

(O(i) + H 20 ->(£)(g). 

The compound {E)(g) is : 

(a) CO (b) CO 2 

(c) CH 4 (d) C 2 H 2 

[Hint : CaCOj > CaO + CO2 

(A) (B) 

CaO + C CaC2 + CO 

(Q (D) 

CaC2 + 2H2O-> Ca(OH)2 + C2H2 ] 

. (£) 

15. A white coloured inorganic salt gives the following reactions: 

® It is soluble in water and the solution has sweet t^te. 
The solution turns black in presence of H 2 S. 

(ii) The salt when heated gives acetone and a yellow 
coloured residue which is used in paints. 

(iii) The solution of the salt gives a white precipitate with 
dilute HCl which is soluble in hot water. 

The inorganic salt is: 

(a) Ca(CH 3 COO )2 (b) Zn(CH 3 COO )2 

(c) Pb(CH 3 COO )2 (d) Ba(CH 3 COO )2 


[Hint : The solution of lead acetate is sweet in taste, when HCl is 
added to its solution, it forms PbCl2 which is soluble in 
hot water. 

Lead acetate on heating gives acetone and lead oxide (yellow 
residue). 

Pb(CH3COO)2-^ CH3COCH3 + PbO + CO2 ] 

16. Which of the following bonds 1s the weakest? 

(a) Si—Si (b) Si—O 

id) Si-^a (d) Si—H 

17. Which metal does not form nitrate when heated with cone. 
HNO3? 

(a) Zn (b) Mg 

(c) Sn (d) Pb 

[Hint : Sn + 4HNO3-> H2Sn03 + 4NO2 + H2O] 

18. Germanium (II) compounds are powerful reducing agents 
whereas lead (IV) compounds are strong oxidising agents. It 
is due to: 

(a) Pb is more electronegative than Ge, 

(b) the ionisation energy of Pb is less than that of Ge. 

(c) the ionic radii of Pb^^ and Pb"^*^ are less than those of 

and 

(d) more pronounced inert pair effect in Pb than in Ge. 
[Hint : Inert pair effect increases in 1 Vth group as the atomic number 

increases, Le,, the stability of divalent state increases from 
to Pb^^.] 


. ' .'. .......... '' ... . ' ... ...' .. .. ''.. .'''''. 

1. (a) 2. (b) 3. (c) 4. (d) 5. (b) 6 . (a) 7. (b) 8 . (c) 9. (d) 10. (d) 11. (a) 12. (b) 

13. (c) 14. (d) 15. (c) : 16. (a) 17; (c) 18. (d) * 


Assertion-Reason Type Questions 


In each of the following questions two statements are given 
as Assertion (A) and Reason (R). Examine the statements and 
answer the questions according to the instructions given below: 
Mark (a) if both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

Mark (b) if both (A) and (R) are correct but (R) is not the correct 
explanation of (A). 

Mark (c) if (A) is correct but (R) is wrong. 

Mark (d) if (A) is wrong but (R) is correct. 

Mark (e) if both (A) but (R) are wrong. 

1. (A) Graphite is a good conductor of heat and electricity. 

(R) Free electrons are spread out in the structure of graphite. 

2. (A) Carbon dioxide is a poisonous gas. 

(R) Carbon dioxide combines with haemoglobin of blood to 
form carboxyhaemoglobin which is not capable of 
absorbing oxygen. 

3. (A) + 4 oxidation state of Pb is less stable than +2 state. 
(R) Pbl 4 is not a stable compound. 


4. (A) Carbon forms a large number of compounds. 

(R) Carbon is found in abundance in nature. 

5. (A) Both CO 2 and Si 02 have same structure. 

(R) CO 2 is a gas while Si 02 is a crystalline compound, 

6 . (A) Carborundum is used as an abrasive, 

(R) Its structure is similar to diamond. 

7. (A) Maximum covalency of carbon is four, 

(R) Carbon has no ^/-orbitals in valence shell 

8. (A) Lead leaves a black mark on paper. 

(R) Lead is used for making lead pencils. 

9. (A) SiF|” is known but SiCl|” is not. 

(R) Size of fluorine is small and its lone pair of electrons 
interacts with d-orbitals of silicon strongly. 

10. (A) Silicones are hydrophobic in nature. 

(R) Si—G—Si linkages are moisture sensitive. 

11. (A) CO 2 is linear. 

(R) It is not in sp hybridized state. 

lEA.M.C.E.T. (Med.) 20071 
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12.. (A) Pb^ compounds are stronger oxidising agents than Sn"^ 
compounds. 

(R) The higher oxidation states for the group 14 are more 
stable for the heavier members of the group due to inert 
pair effect. [LLT, 2008] 


13. (A) Graphite is soft while diamond is very hard. 

(R) Graphite has three dimensional structure while diamond 
has planar. [B.H.U.2008] 

14. (A) Silica is soluble in HF. 

(R) Si02 + 4HF-> SiF 4 + 2 H 2 O 

SiF 4 + 2HF-^ H 2 SiF 6 [B.H.U. 2008] 



h (a) 2. (e) 3. (b) 4. (c) 5. (d) 6. (b) 7. (a) 8. (c) 9. (a) 10. (c) 

11. (c) 12. (c) 13. (c) 14. (a) 


THOUGHT TYPE QUESTIONS 


THcraGHTT 

When a mixture of sodium carbonate and calcium carbonate is 
fused with silica at 1500*^0, a liquid consisting silicates of sodium 
and calcium is formed. When this liquid is cooled, it becomes 
viscous and eventually ceases to flow. It becomes solid and called 
glass. By varying the proportions of the three basic ingredients 
and by adding other substances, the properties of glass can be 
altered. An approximate formula for ordinary glass may be given 
as, 

/?20MO-6Si02 

where R = Na or K and M = Ca, Ba, Zn and Pb. 

Si 02 may be replaced by AI 2 O 3 , B 2 O 3 , P 2 O 5 , Coloured glasses 
are obtained by adding certain metallic oxides or salts in the fused 
mass. Glass is attacked by HF and this property is used to make 
marking on the glass. This is known as etching. 

The glass if cooled rapidly becomes brittle and ftagile. The 
articles of glass are cooled neither very slowly nor very rapidly. 
The articles are cooled gradually. This process is termed annealing. 

1. Glass is described as a: 

(a) solid (b) liquid 

(c) super cooled liquid (d) colloidal solution 

2. Which acid cannot be stored in glass? 

(a) HF (b) HQ 

(c) HBr (d) HI 

[Hint : HF attacks glass. Na 2 Si 03 + 6 HF -> Na2SiF6 + 3H2O] 

3. Ordinary glass is: 

(a) sodium silicate (b) potassium silicate 

(c) calcium silicate 

(d) a mixture of sodium and calcium silicates with silica 

4. Annealing is the best described as: 

(a) slow and gradual cooling 

(b) sudden and rapid cooling 

(c) cooling by water 

(d) very slow cooling 

5. A blue colour can be imparted to glass by use of: 

(a) Fe 203 (b) CoO 

(c) MO (d) CU 2 O 


6 . A sp^ial type of glass which contains cerium oxide lnd does™ 
not allow the passage of ultraviolet rays. This glass is used 
for making lenses. The glass is called: 

(a) flint glass (b) Crooke’s glass 

(c) hard glass (d) pyrex glass 

THOUGHT . 

Gaseous fuels have become very popular these days. The 
following are the advantages of gaseous fuels. 

(i) They have high calorific value. 

(ii) They do not produce smoke and leave no ash after 
combustion. 

(iii) Gaseous fuels can flow through pipes and can be ignited 
at the moments notice at any place. No special devices 
are required for their combustion. 

Coal gas is a good gaseous fuel as it contains 95% combustible 
gases such as hydrogen, methane, carbon monoxide, etc. It is 
obtained by destructive distillation of coal at about 1000°C. Water 
gas which is essentially a mixture of hydrogen and carbon 
monoxide is prepared by passing steam over incandescent coke. 
The reaction is however endothermic. Producer gas which 
possesses lowest calorific value is prepared by passing air over 
hot coke. It contains mainly nitrogen and carbon monoxide. 
Semiwater gas is a mixture of water gas and producer gas. Oil gas 
which is used in laboratories is obtained by cracking of kerosene. 
It is a mixture of hydrocarbons (saturated and unsaturated) mainly 
lower hydrocarbons. LPG (liquefied petroleum gas), which contains 
C 3 and C 4 hydrocarbons of the alkane and alkene series supplied 
in cylinders for domestic uses is very popular these days. 

1. Which one is the best fuel? 

(a) Wood (b) Coal 

(c) Kerosene (d) LPG 

2. Which gaseous fuel has the highest calorific value? 

(a) Producer gas (b) Semiwater gas 

(c) Coal gas (d) Water gas 

3. Which of the following contains the highest percentage of 
carbon monoxide? 
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(a) Coal gas (b) Water gas 

(c) Produrer gas (d) Natural gas 

4. Which of the following is a cracking process? 

(a) C 3 H 6 + H 2 - 

(b) nC2H4->(C2H4)„ 

(c) C 16 H 34 -^ 6 CH 4 + 2 C 2 H 4 + C 2 H 2 -i- 4 C 

(d) 3C2H2- 

5. Which gas is essential constituent of the most of fuel 
gases? 

(a) CO (b) CO 2 

(c) N2 (d) H2O 

THOUGHT 3 _ ____ 

The heavier elements of group 13, 14 and 15 besides their 
group oxidation state exhibit another oxidation state which is two 
units lower than the group oxidation state. The stability of lower 
oxidation state increases down the group. 

The display of lower oxidation state is due to inert pair effect. 

1. Which of the halide does not exist? .. 

(a) nci (b) PbBr 4 

(c) PbCl 2 (d) SnCl 2 


2. Which of the following statements is incorrect? 

(a) Boron shows only +3 oxidation state. 

(b) In Ga + 3 oxidation state is more stable than +1 oxidation 
state. 

(c) In Sn + 2 oxidation state is more stable than +4 oxidation 
state. 

(d) In n + 1 oxidation state is more stable than +3 oxidation 
state. 

3. The strongest reducing agent among the following is: 

(a) GeQ 2 (b) SnQ 2 

(c) PbQi (d) Ha 

4. The strongest oxidising agent among the following is: 

(a) Si 02 (b) Ge 02 

(c) Sn 02 (d) Pb 02 

5. Inert pair effect, is not exhibited by: 

(a) Pb (b) Bi 

(c) n (d) B 

6 . Which of the following compounds do mot. undergo 
disproportionation in aqueous solution ? 

(a) HQs (b) Gaa 

(c) M (d) Tia 


1 


Thought 1 

l.(c) 

2. (a) 

3.(d) 

4. (a) 

5.(b) 

6.(b) 

Thought 2 

l.(d) 

2.(c) 

3. (b) 

4.(c) 

S.(a) 


Thought 3 

l.(b) 

2. (c). 

3. (a) 

4.(d) 

S.(d) 

6. (a, d) 



BRAIN ST ORMIN G PROTOEMS 



1. Which among the following halides is coloured and why? 
CCl4,SiBr4andSnl4. 

[Ans. Snl4 yellow/orange solid] 

2. Which crystalline allotropic form of carbon has the lowest 
energy? 

[Ans. Gr^hite—^It has 30 and ir-bond whereas in diamond there 
are 40 -bonds. Thus, graphite has low energy.] 

3. What are the differences in following two classes of carbides? 
Class 1. Be 2 C, AI 4 C 3 

Class 2. CaC 2 , AI 2 C 6 

[Ans. Class 1 . Carbides are methanides because they evolve 
methane on hydrolysis. 

Class 2 . Carbides are called acetylides because they evolve 
acetylene on hydrolysis.] 

4. What do you understand by semiwater gas? 

[Ans. Mixture of producer and water gas is called semiwater gas.] 

5. Explain the structure of C 3 O 2 in terms of bonding in the 
molecule. 

[Ans. It is carbon suboxide with following linear structure, 

o=c==c=c==o 

Each carbon lies in sp hybrid state. The 7i-electrons are 
delocalized from one end to other. The delocalization does 


6. (a^.) may also be written as [Sn(H 20 ) 6 ]^^, this ion is 
acidic by hydrolysis, write a possible equation for this 
hydrolysis. 

7. Which among the following oxides of lead is strong oxidising 
agent? 

PbO, Pb02, Pb304 
[Ans. Pb02—It oxidises HCl to CU 

8. Which method is used to get semiconductor grade silicon? 
[Ans. Zone refining] 

9. What is peculiarity in electrical property of quartz? 

[Ans. Quartz crystals exhibit piezoelectric effect. Compression 
of the crystal in particular direction causes an elecbdc voltage 
to develop across. Such crystals are used in phonograph; 
microphone to convert sound vibrations to alternating 
electric current. The opposite effect is also possible; the 
alternating current when applied to piezoelectric crystal 
can make it to vibrate,] 

10. Which of the following oxides of carbon act as a reducing 
agent and why? 

CO, C02,C302 

[Ans. CO; there is lone pair of f at carbon to be denoted; hence 
carbon monoxide acts as reducing agent.] 


not alter the geometry of molecule.] 
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11. Classify the following silicates: 

(a) Beryl (b) Feldspar (c) Spodumene (d) Zircon 
[AnSi (a) Cyclic, (b) Three dimensional sheet, (c) Chain silicate, 
(d) Orthosilicate] 

12. Explain why the silicate olivine (FeMg) 2 Si 04 does not follow 
the law of constant composition. 

[Ans. Any ratio of iron to magnesium may be found. It may be 
treated as solution of Fe2Si04 in Mg2Si04 and vice-versa.] 

13. What are the following compounds? Give their uses: 

(i) Vitrosil (ii) Carbogen 

(iii) Kieselguhr (iv) Chrome yellow and 

chrome red 

(v) Butter of tin (vi) Litharge and Massicot 

(vii) Carburated water gas (viii) Crooke’s glass 
(ix) Opal glass 
[Ans. 

(i) Quartz glass used in the manufacture of optical instruments 

is called vitrosil. - 

(ii) Carbogen is a mixture of 95 % O2 and 5 % CO2. It is used for 
artificial respiration for the victims of carbon monoxide 
poisoning. 

(iii) Kieselguhr—It is a mass of hydrated silica (Si02) formed 
from skeletons of minute plants known as diatoms. It is highly 
porous and absorbent material used in the manufacture of 
dynamite. 

(iv) Chrome yellow (PbCr04) is used as yellow pigment chrome 
red (PbCr04 Pb0) is used as red pigment. 

(v) SnCl4*5H20 is called butter of tin and is used as a mordant 
in dyeing. 

(vi) Red form of PbO is called litharge and yellow form of PbO 
is called massicot. 

(vii) Carburated water gas is a mixture of carbon monoxide 
( 23 - 28 %); H2 ( 34 - 38 %), saturated hydrocarbons ( 17-21 %), 








The answer to each of ike fallowing questions is a single 
digit integer, ranging from 0 to 9. 

1. The bond order of carbon monoxide is : 

2. What is the value of x in the following silicate mineral? 

Be3Al2Si;cOi8 

3. The ratio of copper and tin in bell metal alloy is : 

4. Pb 304 is regarded as a compound oxide of PbO and Pb 02 . 
How many parts of PbO are present in it? 




1. ( 3 ) KK(a 2 s)'^(.a 2 sf(,Ti 2 p^f(,n 2 pyf(c 2 p.y 

10-4 

Bond order = —-— = 3 
2 

2 . ( 6 ) 

3 . ( 4 ) Cu 80 % Sn 20 % ratio = 80/20 = 4 


unsaturated hydrocarbons ( 13 - 16 %); CO2 (upto 2 %) and 
(N2 upto 5 %). 

(viii) Crooke’s glass is used in UV filter glasses. It contains Ce02. 
(ix) Sometimes CaF2 is added to obtain opal glass.] 

14. Give the names of ions that produce deep blue, light blue, 

ruby red, green colour and yellow-brown colour in the glass. 
[Ans. Colour Metal ions 

Deep blue Co^"^ 

Light blue Fe^"" 

Ruby red Cu 

Green colour Mixture of Fe^"^ and Fe^"^ ions 

YeUow-brown Fe^"^] 

15. Give the molecular formula of talc and muscovite. Comment 
on their structure and use. 

[Ans. Talc: Mg3 Si40io(OH)2. It is one of the very soft material. 

It is used in talcum powder. ’ • 

Muscovite: KAI2 Si3A10|o(OH)2; it is a mica. It has layer 
type structure involving weak van der Waals’ force.]^^-^- 

16. Complete the following road map, 

H2C2O4 + (B) + (O 

Gas Gas Liquid 

Gas (A) bums with blue flame and gas (B) turns lime water 
milky. Gas (A) on oxidation gives gas (B). Liquid (Q produces 
blue colour when comes in contact with anhydrous copper 
sulphate. 

(A) + Cl2 


What are the compounds (A) to (E)l 

[Ans. (A) CO; (B) CO2; (Q H2O; (D) COCI2; (E) NH2CONH2] 





j i - j li lA 





5. How many methanides are presenf in the following carbides? 

SiC, CaC 2 ,Be 2 C, AI 2 C 6 , AI 4 C 3 , B 4 C 

6 . Carbogen is a mixture of O 2 and CO 2 . It is used for artificial 
respiration. What is the percentage of CO 2 in this mixture? 

7. In the giant structure of silica, each silicon atom is 
surrounded by how many oxygen atoms? 


4. ( 2 ) 2 parts PbO and 1 part Pb02. 

5 . ( 2 ) Be2C and AI4C3 are methanides. 

6. ( 5 ) 95 % O2 and 5 % CO2. 

7 . ( 4 ) Each silicon atom^ is surrounded by four oxygen atoms 

tetrahedrally. 




Group 

VAorlS 


7 I 

Nitrogen j CHAPTER 

2s^2p? 


15 

p 

Phosphorus 

3s^3p^ 




i . Afserik;.^ 




Antortbny 

.5^5^ 


83 


Bismuth 


115 

Uupl 

Unurvpentium 

7^7j^ 


10 


Elements of Group VA. or 15 

(Elements of Nitrogen and 
Phosphorus Family, 


Contents : 

10.1 Position in Periodic Table 

10.2 Abnormal Behaviour of Nitrogen 
lOJ Nitrogen (N2) 

10.4 Important Compounds of Nitrogen 

10.5 Nitrates 

10.6 Phosphorus 

10.7 Compounds of Phosphorus 

10 J Arsenious Oxide or Arsenic Trioxide 
10.9 Fertilizers 


^\Group 

!VA 

VA 

VIA 

Perioa\,^^ 

14 

15 

16 

2 

C 

N 

0 


(6) 

( 7 ) 

(8) 

3 

Si 

P 

s 


( 14 ) 

( 15 ) 

( 16 ) 

4 

Ge 

As 

Se 


( 32 ) 

( 33 ) 

( 34 ) 

5 

Sn 

Sb 

Te 


( 50 ) 

( 51 ) 

( 52 ) 

6 

Pb 

Bi 

Po 


( 82 ) 

( 83 ) 

( 84 ) 

7 

Uuq 

Uup 

Uuh 


( 114 ) 

( 115 ) 

( 116 ) 


10^ POSITION IN PERIODIC TABLE 

VA group or 15th group of the extended form of the 
periodic table consists of six elements—^nitrogen (N), 
phosphorus (P), arsenic (As), antimony (Sb), bismuth 
(Bi) and ununpentium (Uup)*, This group of six elements 
constitutes a family. These elements are collectively 
known as pnictogens. These are /?-block elements as 
the last differentiating electron is accommodated on np 
shell These elements have five electrons in the valency 
shell The element of the group possess the same 
electronic configuration and show similarities as well as 
gradation in their properties with rise of atomic number 
from nitrogen to ununpentium. Thus, their inclusion in 
the same group is justified on the basis of ela:tronic 
configuration and physical and chemical proj^rties which 
are given below: 


1. Electronic configuration : The distribution of electrons in various energy shells of the atoms of these elements is 
given below: 


Element 

At. No. 

Electronic configuration 

Inert gas core 

N 

7 

2, 5 2s^ 2p^ 

[He] 2? 2p^ 

P 

15 

2,8,5 2s^ 2p® 

[Ne] 35^ 3p^ 

As 

33 

2, 8,18,5 2s^ 2p^ 3i^ 3p® 4 j^ V 

[Ar] 3d'^, 4s^ 4p^ 

Sb 

51 

2, 8, 18, 18, 5 2s^ 2p® 3j^ 3p® 3d'°, 4s^ 4p® 5^ 5p^ 

[Kr] 4d‘° 5s^ 5p^ 

Bi 

83 

2, 8, 18. 32, 18, 5 2s^ 2p^ 3p® 45^ 4p^ 4d^° 4/*^ 5s^ 5p® 5rf‘° 6s^ 6p^ 

[Xe] 4/*'*, 5<i'°, 6s^ 6p^ 

Uup 

115 

2, 8, 18, 32, 32, 18, 5 2s^ 2p^, 2s^ 3p® 3d'°, 4s^-4p^ 4d'^ 4/'^ 5s^ 5p® 5<('® 5/'^', 

[Rn] 5/'^*, 6d'°, Is^ Ip^ 



}i> , -'(S/ 6p® 6^’°, 7s^ 7p^ 

■■f'y ■ . . 



* Ununpentium ( 115 ) has recently been discovered. It is a synthetic element. It is radioactive and is unstable in nature. Very little is known about 
its properties. 
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The configurations show that these elements have same 
number of electrons in the valency shell, Le., 5 electrons in the 
valency shell, two of which are in 5-orbital and remaining three 
in three p-orbitals. Thus, they have ns^ np^ configuration, Le,, 
5-orbital is paired and three p-orbitals are unpaired. 

"t"! or np\ npy npl 


n$ 


np 


ti T t 


The penultimate shell, in nitrogen contains 2 electrons 
(saturated), in phosphorus contains 8 electrons (saturated), in 
arsenic contains 18 electrons (saturated) while in antimony 
and bismuth contain 18 electrons (unsaturated) each. This 
shows why nitrogen differs from phosphorus in some respects 
and these two differ from the remaining elements of this group. 

In accordance with the Hund’s rule, electronic configurations 
involving fully filled or exactly half filled orbitals are the most 
stable, the elements of group VA, having exactly half filled 
orbitals, are also fairly stable and not so reactive. Nitrogen 
behaves as a noble element under ordinary conditions. 

2. Similarities and gradation in physical properties : 

(a) Metallic and non-metallk character : Metallic 
nature increases as the atomic number increases. N and P are 
purely non-metals while Sb and Bi are metals. Arsenic behaves 
as a metalloid. 


N P As. Sb 

Non-metals Metalloid Metals 


Metallic nature increases 


Bi 


N and P combine with electropositive elements and form 
nitrides and phosphides, respectively. Nitrides are more stable 
than phosphides. Bi and Sb form alloys with other metals. 
Thus, N and P are non-metals while Sb and Bi are metals. 

(b) Physical state : There is a gradual change in physical 
state of these elements under ordinary conditions. Nitrogen, 
the first element, is a gas while phosphorus, the second member, 
though a solid, can pass readily into vapour state. It is soft 
waxy solid. The remaining elements are solids^ These are hard 
and possess metallic lustre. 

(c) Atomic radii : The atomic radii of the element^ of 
group 15 are smaller as compared to the elements of group 14 
in the corresponding periods. 


N < C ; P < Si ; As < Ge 
(70 pm) (77 pm) (110 pm) (118 pm) (121 pm) (122 pm) 


This is due to increased effective nuclear charge which 
brings contraction in size. 

Atomic radii increase on going down the group. 


Element N P As Sb Bi 

Atomic radii (pm) 70 110 121 141 148 

The increase is due to addition of a new energy shell in each 
succeeding element. 

There is considerable increase in covalent radius from N to 
P but from As to Bi only a small increase is observed. 


The considerable increase in covalent radius from N to P can 
be attributed to strong shielding effect of s- and p- electrons 
present in the inner shells. Small increase in covalent radii from 
As to Bi is, however, due to poor shielding effect of d- and! 
or f-electrons present in the inner shells on valency electrons. 
This brings increase in effective nuclear charge which reduces 
the effect of the addition of a new energy shell to some extent, 

(d) Ionisation energy or Ionisation enthalpy : The 
values of first ionisation energy are higher than the corresponding 
group 14 elements. However, the values gradually decrease on 
going down the group from nitrogen to bismuth. 

On account of increased nuclear charge, reduced atomic 
radii and stable half filled configurations, it is more difficult 
to remove an electron as it is more tightly held by the nucleus. 
Subsequently, the values of ionisation energy of these elements 
are higher than the elements of group 14. The decrease in the 
values of ionisation energy from nitrogen to bismuth is due to 

gradual increase in atomic size, ' .’ ’ 

The ionisation energy of nitrogen is very high; this is due to 
its small size. The difference between N and P is comparatively 
high but the difference afterwards between two consecutive 
members is small. This is due to less shielding effect of 
d-electrons in As and Sb, d and /-electrons in Bi. 

Successive ionisation energies of these elements increase as 
expected, Le., Ei < E 2 < Ey 


Element 


N 

P 

As 

Sb 

Bi 

Ionisation energy 

£1 

1402 

1012 

947 

834 

703 

(kJ moF*) 

El 

2856 

1903 

1798 

1595 

1610 


£3 

4577 

2910 

2736 

2443 

2466 


(e) Electronegativity : Electronegativity decreases gra- 
dually on descending the group from N to Bi. 

Element N P As Sb Bi 

Electronegativity 3.0 2,1 2.0 1.9 1.9 

Nitrogen is most electronegative element, Le,, typical non- 
metal. 

(f) Density : It increases gradually on descending the group. 

Element N P As ^ Bi 

Density (g/mL) 0;809 1.823 5.73 6.62 9.78 

(g) Allotropy : All the elements except bismuth show 
allotropy. Nitrogen exists in two solid allotropic forms, 
a-nitrogen with cubic crystalline structure and p-nitrogen with 
hexagonal crystalline structure. The transition temperature is 
-238.5°C. Phosphorus exists in number of allotropic fonris 
such as white, red, scarlet, a-black, P-black and violet. Arsenic 
is known in three allotropic forms, Le,, grey, yellow and black. 
Antimony also exists in three forms, Le,, yellow, black and 
explosive. 

(h) Catenation: N, P and As exhibit the property of 
catenation but this property is much less than IVA elements. 
No nitrogen compound containing nitrogen chain with more 
than two atoms is stable although compounds having a chain 
of eight nitrogen atoms have been prepared. The bond energies 
of C-C, N—N, P—P and As^As linkages are 85.0, 48,0, 
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39.0 and 35.0 kcal/moL Thus, the tendency of catenation 
decreases from N to P and from P to As. P and As can form 
a chain of only two atoms. 

(i) Atomicity : Nitrogen is diatomic gaseous molecule at 
ordinary temperature. The existence of nitrogen m diatomic 
molecule is due to its ability to form multiple bonds. The 
molecule has one sigma and two 7i-bonds. 

: N :: N : or : N = N : (N 2 ) 

The triple bond in nitrogen molecule is very stable as the 
dissociation energy is very high (225 kcal/mol). It is, 
therefore, inert under ordinary conditions. 



Fig. 10.1 P, As orSb 


Riosphorus, arsenic and antimony all exist as discrete 
tetratomic tetrahedral molecules, viz^, P 4 , AB 4 and Sb 4 (Fig. 
10 . 1 ) as these are not capable of forming multiple bonds due 
to repulsion between non-bonded electrons of the inner core. 
The angle between X—X—X is 60°. The pw—pn bonding in 
phosphorus, arsenic, etc., is therefore not possible. Elements 
of this group form giant lattice in which bonding changes from 
covalent to metallic, violet and red phosphorus has layer 
structure involving covalent bonding. Bismuth on the other 
hand involves purely metallic bonding. Metallic layer structure 
of bismuth is given below: 



(j) Oxidation states : The elements of this group have 
five electrons in their outer shell They exhibit a maximum 
oxidation state of +5 towards oxygen by using all the five 
etorons of outer shell. The tendency of the pair of ns electrons 
to remain inert (the inert pair effect) increases with increase of 
atomic number. Thus, only the p-electrons are used in tending, 
+3 oxidation state is observed. +3 and +5 oxidation states 


of these elements are observed with halogens and sulphur. The 
stability of+3 oxidation state increases and that of +5 oxidation 
state decreases on moving down from N to Bi. 

Nitrogen and phosphorus generally exhibit -3 oxidation state 
due to high electronegativity and small size; Nitrogen forms 
nitride ion (N^) with hi^y electropositive elements. Phosphorus 
also forms phosphide ion (P^”) to some extent. The tendency 
to show -3 oxidation state decreases from nitrogen to bismuth. 

Note: Nitrogen besides -3, +3 and +5 oxidation states, exhibits a large 
number of oxidation states from -3 to +5; -3 in NH 3 and nitrides 
(Li 3 N, CaaNa, AIN), -2 in NH 2 NH 2 , -1 in NH 2 OH, 0 in N 2 , +1 
in N 2 O, +2 in NO, +3 in N 2 O 3 and HNO 2 , ^4 in NO 2 and +5 in 
HNO 3 and N 2 O 5 . 

Disproportionation ; All the oxidation states of nitrogen ifom 
+1 to 44 show disproportionation in acidic medium. 

For example, 

+3 +5 -f 2 

3 HNO 2 HNO 3 4 2ND 4 H 2 O 

Phosphorus exhibits disproportionation in all the intermedia^ 
oxidation states from -3 to 45 in acidic and basic mediums. 

For example, 

+ 1 +5 

2H3PO2 H3PO4 4 PH3 

+3 +5 -3 

4H3PO3 ^-> 3H3PO4 4 PH3 

This tendency decreases from As to Bi due to inert pair 
effect as stability of +3 state increases from As to Bi. 

(k) Valency and nature of bonding: There are five 
electrons present in the valence shell of these elements. To 
achieve stable configuration, they require three more electrons 
which is not easy to accept as to form trinegative ion (M^~) 
due to energy considerations. Such an ion is formed by nitrogen 
which is smallest and most electronegative element of the 
family when it combines with highly electropositive metals. 
This tendency is much less in phosphorus. These elements 
easily attain stable configuration by sharing three p-electrons, 
Le., by forming three covalent bonds. Except nitrogen, all 
other elements have d-orbitals in the valence shell As a result, 
one of the two w^-electrons may be promoted to «d-orbitals to 
have five unpaired orbitals in the valence shell These can be 
used to form five covalent bonds. This is not possible in 
nitrogen as it has no d-orbitals (nitrogen never shows penta- 
valency). However, nitrogen can show a maximum covalency 
of 4 when it donates the ^z^~electron pair to Lewis acids. 

Sb and Bi can lose three electrons forming ions but 
ionisation energy is too high for the other elements. Both SbF 3 
and BiF 3 , exist as ionic solids. The ions are not very 
stable in solution. They can exist in fairly strong acid solution 
but are rapidly hydrolysed in water to give the antimony oxide 
ion or bismuth oxide ion, SbO"^ and BiO"^. The change is 
reversed by adding 5M HCl 

H2O 

^ [BiO]^ + 2H+ 

HCI Bismuthyl ion 

Bia3 + H 2 O-> BiOCl + 2HC1 

+ H 2 O ^ [SbO]'" + lit 

Antimony I ion 
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Multiple bonding : Nitrogen forms pn-pn multiple tends 
easily with itself and also with carbon and oxygen. Nitrogen 
exists as triply bonded diatomic gaseous molecule (N=N) at 
ordinary temperature. The bond strength is very high ( 941.4 
kJ mor^and this is responsible for its inertness at ordinary 
conditions. Other members show reluctance to form multiple 
bonds. However, phosphorus can form pK-dn type multiple 
bonds, e.g., O = PX3, RN = PX3. 

Ma^dmum covalency i The maximum covalency of 
nitrogen is four as it does not possess ^-orbitals in the valence 
shell, /.e., it cannot extend its valency beyond four [NH4, 
^4N‘^]. On the other hand, other members have empty 
J-orbitals and can utilise these orbitals to show covalency of 
five or six, PCI5, [SbF^]” 

( 1 ) Thermal and electrical conductivity : Both these 
properties increase on moving down the group because delo~ 

calization of electrons increases from nitrogen to bismuth. 

— 

Poor conductor Semiconductor Good conductor 


3. Occurrence : Nitrogen is found in free as well as in 
combined state. Nitrogen forms 75 % by mass and 78 % by 
volume of the atmosphere. In the combined state, it occurs as 
nitrates, proteins, amino acids, etc. Phosphorus does not occur 
free in nature. Phosphorus is the eleventh most abundant element 
in the earth’s crust. Phosphorus is essential for life of both plants 
and animals. About 60 % of bones and teeth are Ca3(P04)2 or 
[3{Ca3(P04)2}.CaF2] and an average person has 3.5 kg of 
calcium phosphate in his bcxly. Phosphorus is present, in DNA, 
RNA, ATP, ADP, etc. It is also found as phosphates in nature. As, 
Sb and Bi are not abundant. They occur as sulphides or oxides, 

4. Chemical properties : Elements of this group differ 
from one another appreciably in their chemical activity. Nitrogen 
is chemically inert under ordinary conditions. Due to this reason, 
it is found free in atmosphere. The chemical inertness is due 
to high stability of the triple bond between the two nitrogen 
atoms. The dissociation energy of the bond is high, i,e., 225 
kcal per mole. It is, therefore, at high temperature only when 
nitrogen can react with other elements. 

Phosphorus especially white form is extremely reactive. It 
readily bums in oxygen to form oxides. The strained structure 
of P4 is responsible for high chemical activity. The heavier 
elements are less reactive as they bum only when heated in air 
or oxygen to form oxides. 

(a) Oxides : AE these dements form oxides of the type 
X2O3, X2O4 and X2O5. 


Element Nitrogen Phosphorus Arsenic Antimony 

Bismuth 


lype of 
oxides 






u 

0 

X 2 O 3 

N2O3 

P2O3 

AS2O3 

Sb 203 

Bi203 

.s 

X 2 O 4 

N2O4 

P2O4 

AS2O4 

Sb204 

Bi204 

1 

X2O5 

N2O5 

P2O5 

AS2O5 

Sb205 

BiaOg ' 

s. s 

a 

0 



Acidic nature decreases 



< 


Greater is the electronegativity more is the acidic character 
of its oxide. Moreover, among the oxides of same element 
higher oxidation state is responsible for greater acidic character. 

Besides these three types of oxides, nitrogen forms two 
more oxides N2O and NO (these are neutral) and bismuth 
forms bismuth monoxide (BiO). 

(i) Acidic nature of each type decreases from nitrogen 
to bismuth. 

N2O3 and P2O3 are acidic, AS2O3 and Sb203 are amphoteric 
while Bi203 is more basic and less acidic. 


-4 2HNO2 (Nitrous acid) -4 acidic 
-4 2H3PO3 (Phosphorus acid) acidic 
2ASCI3 + 3H2O ~4 basic 1 
-4 2Na3As03 + 3 H 20 ^ acidicj 


> amphoteric 


N2O3 + H2O 
P2O3 + 3H2O 
AS2O3 + 6 HC 1 
AS2O3 + 6NaOH 
Sb 203 + 6 HC 1 
Sb203 + 6NaOH 
BiaOa + 6 HG 1 

Bi203 shows feeble acidic character also as it slightly 
dissolves in concentrated NaOH solution. 


-4 2SbCl3 + 3H2O 


“-4 basic 1 

? a mphote ric 


"4 2Na3Sb03 + 3 H 20 -> acidicj 
“4 2BiCl3 + 3H2O basic 


Bi203 + 6NaOH 


■4 2 Na 3 Bi 03 + 
Sodium bismuthite 


3H2O 


The acidic nature of pentoxides decreases from N2O5 to 
Bi205*N205, P2O5 and AS2O5 are soluble in water and form 
acids. 

N2O5 + H2O-> 2HNO3 (Nitric acid) 

P2O5 + 3H2O-> 2H3ro4 (Orthophasphoric acid) 


AS2O5 4 3H2O-> 2H3ASO4 (Arsenic acid) 

Sb205 and Bi205 are insoluble in water but dissolve in 
alkalies. 

Sb205 + 6 NaOH-> 2Na3Sb04 + 3H2O 

Sodium antimonate 

Bi205 + 6 Na 0 H-> 2Na3Bi04 + 3H2O 

Sodium bismuthate 

Acidic nature of M2O4 oxides also decreases from N2O4 to 
Bi204. The acidic nature of these oxides is less than X2O5 type 
and more than 2C2O3 type. The decrease in acidic nature of the 
oxides from nitrogen to bismuth is due to decrease in non- 
metallic character and increase in metallic character from N to 
Bi. 

(ii) In the oxides of a particular element, the acidic nature 
increases as the percentage of oxygen increases or as the 
oxidation state increases. For example, N2O5 is most acidic 
while N2O3 is less acidic, similarly P2O5 is more acidic than 
P2O3 and P2O4. 

N2O3 + H2O-> 2HNO2 ■ 

N2O4 + H2O-> HNO2 + HNO3 

N2O5 + H2O-> 2HNO3 

HNO3 is stronger than HNO2. 
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P2O3 + 3H2O —^ 2H3PO3 

P2O4 + 3H2O-> H3PO4 + H3PO3 

* P2O5 + 3H2O-> 2H3PO4 

H3PO4 is stronger than H3PO3* 

(iii) Stability^f oxides of higher oxidation states decreases 
with increasing atomic number. 

Thermal stability decreases in each series from N to Bi‘N203 
is most stable oxide. It is more stable than other oxides. N2O5 
is less stable. However, P2O5 is thermally stable, but AS2O5 
and Sb205 are less stable. Bi205 is least stable. Except P2O5, 
all the pentoxides show oxidising properties. N2O5 is the 
strongest oxidising agent. 

Nitrogen forms two more oxides, nitrous oxide (N2O) and 
nitric oxide (NO). Both are neutral in nature. Structurally, the 
oxides of nitrogen are different from the oxides of the rest of 
the elements of this group. This is due to the fact that only 
nitrogen is able to form /m-prt multiple bonds which are present 
in its oxides. The rest of the elements do not form multiple 
bonds and prefer to form cage structums for their oxides. 

(b) Oxyacids : All the elements of this group form 
oxyacids. Nitrogen forms a number of oxyacids but two 
common oxyacids are—nitrous acid (HNO2) and nitric acid 
(HiN03). Nitric acid is a stable acid while HNO2 is unstable. 
Phosphorus forms a large number of oxyacids. The important 
oxyacids are: 

. H3PO2 H3PO3 H4P2O4 

Hypophosphorus Phosphorus Hypophosphoric 

acid acid acid 

H3PO4 HPO3 H4P2O7 

Orthophosphoric Metaphosphoric Pyrophosphoric. 

acid acid acid 

Arsenic forms two oxyacids, H3ASO3 (arsenious acid) and 
H3ASO4 (arsenic acid). Antimony forms one oxyacid H3Sb03 
which exists in solution. Bismuth also forms one stable oxyacid 
HBi03, meta-bismuthic acid. 

The strength and stability of oxyacids having the element in 
the same oxidation state decreases gradually with decrease in 
electronegativity of central atom. 

HNO3 H3PO4 H3ASO4 H3Sb04 

Strong Weak Very weak Weakest 

(c) Hydrides: All the elements of this group form hydrides 
of the type MH3. 

NH3 PH3 ASH3 SbHs BiHs 

Ammonia Phosphine Arsine Stibine Bismuthine 

(i) All the hydrides are formed by the action of water or 
dilute acids on binary metallic compounds such as Mg3N2, 
Ca3P2, Zn3As2, Mg3Sb2 and Mg3Bi2. . 

The hydrides are also obtained by reduction of trichlorides 
of these elements (except that of bismuth) with Zn/acid or 
LiAlH4. 

4MCI3 + 3 LiAlH 4 -> 4MH3 + 3 UC 1 + 3AICI3 

(M = N, P, As, Sb) 


(ii) All the hydrides are colourless gases. Their smell becomes 
more and more disagreeable as atomic number increases from 
NtoBi. 

(iii) The poisonous nature increases from NH3 to BiH3. 

(iv) NH3 is highly soluble in water but other hydrides are 
less soluble. 

(v) The basic character decreases from NH3 to BiH3. The 
basic nature is due to the presence of lone pair of electrons on 
the central atom. NH3 is the stirongest electron pair donor due 
to its small size as the eldctron density of the electron pair is 
concentrated over a small region. As the size increases the 
electron density gets diffused over a large region and hence the 
ability to donate the electron pair (basic nature) decreases. 
NH3 and PH3 form NH4 and PH4 ions with protons. NHJ is 
more stable than PH4 ion. PH3 is less basic than NH3 while 
ASH3, SbH3 and BiH3 are neutral. NH3 is highly soluble in 
water while PH3 is less soluble. 

NH3 + H2O —> NH4OH r PH3 + H20 ph40H"^ 

Weak base Very weak base 

(vi) Thermal stability decreases gradually from NH3 to BiH3. 
Ibe decomposition temperatures decrease from NH3 to BiH3. 

NH3 PH3 ASH3 SbH3 BiH3 
1300^C 440'^C 280^C 150X Room temp. 

The size of the central atom increases from N to Bi, therefore, 
the tendency to form a stable covalent bond with small hydrogen 
atom decreases. As the bond length increases, the strength 
decreases and therefore, thermal stability decreases. 

(vii) The reducing nature increases. This shows that bond 
strength M —H decreases as electronegativity of M decre^es. 

NH3 is a weak reducing agent while ASH3, SbH3 and BiH3 
are powerful reducing agents. 

(viii) The shape of these hydrides is pyramidal. The 
formation is due to sp^ hybridization of central.atom, ie., 
forming a tetrahedral configuration.. However, on one of 
tetrahedral positions, a lone pair of electrons is present. The 
bond angle (HMH) in various hydrides is never equal to ideal. 
tetrahedral angle of 109 ^^ 28 '. The actual bond angles are: 

NH3 PH3 AsHs SbH3 

107.5° 93.5° 91.5° 91.3° 

The bond angle in ammonia is less than 109 ° 28 ' due to 
repulsion between lone pair present on nitrogen atom and 
bonded pairs of electrons. The decreased bond angle in other 
hydrides can be explained by the fact that the sp^ hybridization 
becomes less and less distinct with increasing size of the 
central atom, le., purep-orbitals are utilised in M—^H bonding. 

Bond lengths and bond dissociation energies of the hydrides 
of group 15 elements are listed Wow: 


Hydride 

NH 3 

PH 3 

AsHa 

SbHa 

M-H bond length (pm) 

101.7 

141.9 

151.9 

170.7 

M-H dissociation energy 

391 

322 

297 

255 


(kJ mol ) 
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(ix) Hydrogen bonding : Hydrogen bonding is present in 
NH3 as the electronegativity difference between nitrogen and 
hydrogen is high and the N —bond shows polarity. The 
electronegativity of rest of the elements is nearly equal to 
hydrogen, hence M —H bond is purely covalent and no 
hydrogen bonding is present in their hydrides, 

(x) The boiling points of these hydrides vary as follows: 

Hydride NH3 PH3 ASH3 SbHa BiH3 

Boiling point (®C) . -33 -89 -63 -9 17 

In NH3, molecules are associated by hydrogen bonding and 
thus its boi'rag is comparatively high in comparison to PH3 and 
ASH3 where no hydrogen bonding is present. In moving from 
PH3 to BiH3, boiling points increase due to increase in the magni¬ 
tude of van derWaals’ forces due to increase in molecular size. 

(d) Halides: The main halides formed by the elements 
of this group are listed below: 

Element TrihalMes Pentahalides 

Nitrogen NF3,'NCI3, NBrj; NI3 ' ^ ' 

Phosphorus PF3, PCI3, PBra, PI3 PClg, PFg, PBrg 

Arsenic , ASF3, ASCI3, AsBr3, ASI3 AsFg 

Antimony SbF3, SbC^, SbBr3, Sb^ SbFg, SbClg . 

Bismuth BiF3, BiClg, BiBr3, Bil3 BiFg 

All form trihalides. One or more pentahalides are formed by 
the elements except nitrogen. Nitrogen does not form penta¬ 
halides due to absence of ^/-orbitals. 

(i) Trihalides : The elements directly combine with halo¬ 
gens and form trihalides, MXy All the trihalides are stable 
except NCI3, NBr3 and NI3. The unstable nature of NCI3, 
NBr3 and NI3 is due to low polarity of N— X bond and a large 
difference in the size of nitrogen and halogen atoms. 

The trihalides have a tetrahedral structure involving 
5/?^-hybridization of the central atom. They have pyramidal 
shape. A lone pair of electrons is present on the central atom. 
Due to the presence of a lone pair of electrons on the central 
atom, they act as Lewis bases. In the case of nitrogen halides, 
the tendency to act as Lewis base decreases from NI3 to NF3. 

NI3 > NBr3 > Na3 > NF3 

This is due to increased electronegativity from I to F. 

Also the tendency to act as Lewis base decreases from N 
to Bi for a given halide. 

The trihalides of phosphorus and antimony especially 
fluorides and chlorides act as Lewis acids also by using the 
vacant ^orbitals. 

Except NF3 and PF3, all the trihalides are hydrolysed by 
water. 

Na3 + 3H2O-> NH3 + 3 HC 10 

PCI3 + 3H2O-> H3PO3 + 3 HC 1 

ASCI3 + 3H2O-» H3ASO3 + 3 HC 1 

SbCl3 + H2O ^ SbOCl + 2 HC 1 
BiCl3 -h H2O BiOCl + 2 HC 1 


Note : the NCI 3 is hydrolysed to a base (NH 3 ) while PCI 3 is 
hydrolysed to an acid (H 3 PO 3 ). It is due to the fact that NCI 3 
is an electron pair donor while PCI 3 is an acceptor as P has vacant 
3^i-orbitals, 

[q 


Cl—N; > H -> CI 2 NH + HOCI > NH3+2H0C1 

Cl 



CljPOH + HCl - > P(0H)3 + 3HC1 


Cl H 


(ii) Pentahalides : Phosphorus pentachloride is the most 
well known of the pentahalides. Bismuth does not form 
pentahalides because of inert pair effect. The pentahalides have 
a trigonal bipyramid shape (sp^d-hybridization) in gaseous and 
liquid states which is not very stable structure, hence these 
pentahalides decompose into stable lower halides. 

‘ ^. PCI5 PCI3 + CI2 - ’ ~ 

These are also hydrolysed by water. 

PCI5-+ H2O-> POCI3 + 2 HC 1 

POCI3 + 3H2O-> H3PO4 + 3 HC 1 

[PCI5 acts as an effective chlorinating agent.] 
X-ray studies have shown that the solid PCI5 is an ionic 
compound composed of [PCI4]”*” [PCy”. Solid PBr5 exists as 
[PBr4]''Br“. 

All the pentahalides act as Lewis acids due to the presence 
of J-orbitals. 

MXs F X™ —^ [MXeF 

The hybridization of the central atom (M) changes from 
3 j i 3 
sp a io sp a . 

(e) Sulphides : With the exception of nitrogen, all other 
elements of this group form sulphides. The sulphides of arsenic 
.and antimony are soluble in yellow ammonium sulphide or 
ammonium sulphide and form thio-compounds. 

AS2S3 + 3{NH4)2S-> 2(NH4)3AsS3 

Ammonium thio-arsenite 

AS2S5 + 3 (NH 4 ) 2 S-> 2(NH4)3AsS4 

Ammonium thio-arsenate 

Antimony sulphides form similar compounds. The sulphides 
are also soluble in caustic alkali. 

AS2S3 + 6NaOH-^ Na3AsS3 + Na3As03 + 3H20 

Sodium thio- Sodium 

arsenite arsenite 


The stability of sulphides increases with increase in atomic 
number of the element. 


iqS abnormal behaviour of 

NITROGEN 


Nitrogen differs considerably from the rest of the family 
members. The differences or abnormal properties are mainly 
due to the following four factors: 
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(a) Small size of nitrogen atom. 

(b) High value of electronegativity. 

(c) Absence of d-orbitals in the valency shell 

(d) Tendency to form multiple bonds. 

The important points in which nitrogen differs from other 
members of VA group are listed below: 

(i) Nitrogen is a gas while other members are solids. 

(ii) Nitrogen molecule is diatomic (N^N) while other 
elements form tetratomic molecules such as P4, AS4 and Sb4. 

(iii) The catenation property is more pronounced in nitrogen. 
Chains containing upto eight nitrogen atoms are known but in 
the case of other elements^ catenation is limited to two atoms 
only. 

(iv) Nitrogen forms five oxides. N2O (nitrous oxide), NO 
(nitric oxide), N2O3 (nitrogen trioxide), NO2 (nitrogen dioxide) 
and N2O5 (nitrogen pentoxide). Others can form at the most 
three types of oxides, X2O3, X2O4 and X2O5. 

N2O3 and N2O5 are monomeric in nature but oxides of 
other elements are dimeric. 

(v) Hydride of nitrogen (NH3) is stable while the hydrides 
of other elements are not stable. Hydrogen bonding is present 
in ammonia (NH3) but not present in other hydrides. 

(vi) Except NF3, the halides of nitrogen (NCI3, NBr3 and 
NI3) are unstable and explosive. The halides of other elements 
are stable. Unlike P, As and Sb, nitrogen does not form 
pentahalides. 

(vii) Due to small size and high electronegativity, nitrogen 

can form trinegative ion N^“. This tendency is less^ in P but 
absent in other elements. , 

(viii) As nitrogen does not have d-orbitals in its valency 
shell, its maximum covalency is 3 while in the ease of other 
elements, the maximum covalency is 5 . 

(ix) Nitrogen is chemically inert under ordinary atmospheric 
conditions. This is due to high dissociation energy of nitrogen 
molecule. The other elements are quite reactive as they have 
single bonds in their molecules, Le.^ dissociation energies are 
low. 

(x) Nitrogen shows a large number of oxidation states from 
-3 to -h 5 such as +1 in N2O, +2 in NO, +3 in N2O3, +4 in NO2, 
+5 in N2O5, -1 in NH2OH and -3 in NH3. Other elements 
show a limited number of oxidation states from -3 to + 5 . 

(xi) Nitrogen does not form sulphide while all other elements 
form sulphides. 

(xii) On account of high value of electronegativity, nitrogen 
behaves as a typical non-metal while As, Sb are metalloids and 
Bi is a metal. 

Nitrogen (N=N)^ carbon monoxide GpO and cyanide ion 
{C=Ny are isoelectronic in nature. Nitmgen is inert while 
other species are active. The bond between nitrogen atoms is 
non-polar. 
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10 ^ NITROGEN (N 2 ) 

Scheele, in 1772 , showed that air is a mixture of two gases : 
fire air (oxygen) which supports combustion and respiration 
mdfoul air (nitrogen) which does not take part in combustion. 
D. Rutherford named foul air as mephitic air (killer of life). 
Later on the element was found to be present in nitre and thus, 
the name nitrogen was proposed. 

Occurrence : Nitrogen exists in its elemental form as 
diatomic molecules (N2), it is therefore, called as dinitrogen. 
Nitrogen is widely distributed in nature both in free as well as 
in the combined state. Air is the most abundant source of free 
nitrogen. It forms 75 % by mass and 78 % by volume of the air. 
In combined state, it is found as nitrates such as Chile saltpetre 
(NaN03), Indian saltpetre (ICNO3) and ammonium compounds. 
It is an essential constituent of all living things (animals and 
vegetables both) where it is found in the form of proteins, 
amino acids and nucleic acids^Its existence in atmosphere is 
very important because it acts as inert diluent for the highly 
reactive gas, i.e., oxygen. Without nitrogen, every spark in our 
atmosphere would cause a massive fire. 

Reparation: Nitrogen can be obtained from the following 
two sources: 

(i) Nitrogen compounds and (ii) Air. 

(i) From nitrogen compounds : (a) Nitrogen in the 
laboratory can be obtained by heating ammonium nitrite or 
ammonium dichromate. Ammonium nitrite is not a stable 
compound and thus it is first formed as an intermediate product 
by heating an ammonium salt with sodium nitrite. 

NH4Cl + NaN02-NH4NO2 NaCl 

Ammonium nitrite 

NH4NO2 —> N2 + 2H2O 
(NH4)2Cr207-> N2 + Cr203 + 4H2O 

Nitrogen is collected by downward displacement of water. 

(b) Pure nitrogen can be obtained by passing the ammonia 
vapours over heated CuO. 

2NH3 + 3 CuO-> N2 + 3 Cu + 3H20 

NH3 can also be oxidised to nitrogen by CI2, Br2, a 
hypochlorite, a hypobromite or bleaching powder. [See for 
reactions section 10 . 4 .] 

(c) It can also be obtained by the action of nitrous acid (or 
NaN02 and dil. H2SO4) on urea. 

NH2CONH2 + 2HNO2-> 2N2 + CO2 + 3H2O 

Urea 

(d) Pure nitrogen is obtained in small amount by heating 
sodium or barium azides in vacuum. 

®^(N 3)2 ——> 3N2 + Ba 

Barium azide 

(il) From air : (a) Air is the major source of nitrogen. 
Commercially nitrogen is obtained by liquefaction of air. The 
resultant liquid is fractionally distilled in Claude\s apparatus. 
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Air is freed from dust particles and compressed to 60 
atmospheres. It is cooled. The compressed air is freed from 
CO2 by passing through a tower packed with sodalime and 
then dried by passing through alumina driers. It is then passed 
through pipes which are surrounded by cold nitrogen or cold 
oxygen. The cold compressed air is allowed to do work in 
Claude’s expansion engine when it is partially liquefied. The 
partially liquefied air is passed through a double rectification 
column when more of air is liquefied. Liquefied air is further 
fractionally distilled in Claude’s apparatus. Finally, about 90 % 
pure nitrogen escapes through the exit at the top of the apparatus. 

(b) By removing oxygen of the air with the use of chemical 
substances. 

Purified air- > Hot Cu- > Nitrogen 

2 Cu + O2-> 2 CuO 

Purified air- > Hot coke-> CO2, CO, N2 

CO2 and CO are removed by usual methods. 

Purified air Phosphorus -"^^--^ P205" + "N2"^ 

H2O 

—> H3PO4 

Properties : (i) It is a colourless, tasteless and odourless 

gas. It is slightly lighter than air as its vapour density is 14 . 0 . 
It is sparingly soluble in water. 

(ii) It is not poisonous in nature but animals do not survive 
in its atmosphere due to absence of oxygen. 

(iii) It can be liquefied to a colourless liquid (b.pt. 
- 195 . 8 °C). When liquid nitrogen is poured on a table, the liquid 
sizzles and boils away violently. 

(iv) It does not help in combustion. Nitrogen itself is non¬ 
combustible. 

(v) It is chemically inert under ordinary conditions. However, 
it shows chemical activity under high temperatures. 

(a) Nitrogen combines with oxygen under the influence of 
very high temperature like electric spark. 

N2 + O2 , ^ 2 NO (Nitric oxide) 

(b) Nitrogen combines with hydrogen in the presence 
of a catalyst (finely divided iron) at 200 atmospheres and 
400 - 500 °C temperature. 

N2 + 3H2 2NH3 (Ammonia) 

(c) Nitrogen combines with metals at red heat to form 
^ nitrides. 

450°C 

6 Li + N2-> 2Li3N (Lithium nitride) 

450°C 

3 Mg + N2-> Mg3N2 (Magnesium nitnde) 

800°C 

2 A 1 + N2-> 2 A 1 N (Aluminium nitride) 

Non-metals like boron, silicon at bright red heat also combine 
with nitrogen. 


2 B + N2-> 2 BN (Boron nitride) 

3 Si + 2N2-> Si3N4 (Silicon nitride) 

(d) Nitrogen combines with calcium carbide to form calcium 
cyanamide at 1000 °C. 

CaC2 + N2-> CaCN2 + C 

The mixture of calcium cyanamide and carbon is techni¬ 
cally known as nitrolim. 

(e) When nitrogen is passed over heated mixture of alumina 
and carbon, aluminium nitride is formed. 

1273 K 

AI2O3 + 3 C + N2-> 2 A 1 N -h 3 CO 

This reaction is used for the purification of alumina ore 
(Serpeck’s process). AIN is hydrolysed with steam. 

AIN -h 3H2O-> A 1 ( 0 H )3 -h NH3 

^ Heated 
AI2O3 

Pure alumina _ 

Uses : (i) Nitrogen, N2, is a relatively unreactive element 

because of the stability of the nitrogen-nitrogen triple bond 
(The N=N bond energy is 942 kJ/mol compared with 167 kJ/ 
mol for the N—N bond energy). Therefore, it is used to 
provide an inert atmosphere in certain metallurgical operations 
and during welding. 

(ii) Large quantity of nitrogen is used as a blanketing gas, 
the purpose of which is, to protect a material from oxygen 
during processing or storage. Thus, electronic components 
are often made under a nitrogen atmosphere. 

(iii) It is used for filling electric bulbs. 

(iv) It is used in the manufacture of NH3, HNO3, CaCN2 
and other nitrogen compounds. 

(v) Liquid nitrogen is used as a refrigerant to freeze foods, 
to freeze soft or rubbery materials prior to grinding them, and 
to freeze biological materials. Liquid nitrogen has found 
wide use in frozen food preparation and preservation during 
transit. 

(vi) Liquid nitrogen is also a cryogen. It has uses in medicine 
(cryosurgery), for example in cooling a localized area of skin 
prior to removal of a wart or other unwanted or pathogenic 
tissue. 

Active Nitrogen 

When an electric discharge is allowed to pass through 
nitrogen under very low pressure (about 2 mm), a brilliant 
luminiscence is observed which persists for sometime after 
the stoppage of the discharge. It is observed that nitrogen after 
the discharge is more active. This nitrogen is termed active 
nitrogen. 

This form is not quite stable and gradually changes to normal 
form. Active nitrogen reacts readily with many metals to form 
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nitrides. It reacts with a number of non-metals, e.g., sulphur, 
phosphorus, iodine, etc. It is able to decompose many organic 
compounds. 

C2H2 + N2 -> C2N2 + H2 

Active 

The exact nature of active nitrogen is not .yet knoAvn. 

1(]9 IMPORTANT COMPOUNDS 
OF NITROGEN 

s 1. Ammonia 


NH4H2.PO4 . > NH3 + HPO3 + H2O 

Ammonium Metaphosphoric 

dihydrogen phosphate acid 

(vii) Urea on treatment with caustic soda forms ammonia. 
NH2CONH2 + 2 NaOH-4 Na2C03 + 2NH3 

Urea 

Laboratory preparation : Ammonia is prepared in the 
laboratory by heating ammonium chloride with slaked lime, 
Ca(OH)2 in the ratio of 3 : 2 in apparatus shown in Fig. 10.2. 


Nitrogen forms three well known hydrides with hydrogen: 

(i) Ammonia, NH3, (ii) Hydrazine, NH2.NH2 (N2H4), 
(iii) Hydrazoic acid, N3H. Ammonia is the most important of 
these hydrides. 

Occurrence : ^ NH3 is found in traces in atmosphere. This 
is formed by bacterial decomposition of nitrogenous matter of 
plants and animals. Ammonium salts such as ammonium chloride 
and ammonium sulphate are found in small amounts iii the soil. 
On certain planets (Jupiter and Saturn), it is found in abundance. 

Discovery : It was first isolated in 1774 by Priestley by 
the action of ammonium chloride and lime. It w^ named 
alkaline air. Berthelot, in 1788 , pointed out that ammonia is a 
compound of nitrogen and hydrogen. In 1800 , Davy established 
its formula NH3. 

Preparation : (i) Ammonia is obtained on a small scale 
from ammonium salts which evolve it when heated with caustic 
soda or lime. 

NH4CI + NaOH-> NH3 + NaCl + H2O 

2NH4CI + Ca{OH)2 -—> 2NH3 + CaCl2 + 2H2O 

(Slaked lime) 

(ii) Ammonia is formed when ammonium chloride is heated 
with litharge. 

2NH4CI + PbO —2NH3 + PbCl2 + H2O 

(iii) By reacting nitrides with water, ammonia is obtained. 

AIN + 3H2O —> A 1 ( 0 H )3 + NH3 

Mg3N2 + 6H2O —^ 3 Mg(OH )2 + 2NH3 

(iv) Ammonia can also be formed by doing reduction of 
nitrates and nitrites with zinc and caustic soda. Zinc and caustic 
soda produce nascent hydrogen which reacts with nitrates and 
nitrites to form ammonia. 

NaN03 + 8H > NaOH + NH3 + 2H2O 

NaN02 + 6H — NaOH + NH3 + H2O 

(v) Calcium cyanamide on hydrolysis evolves ammonia, 

CaCN2 + 3H2O-> CaCOs + 2NH3 

(vi) Ammonia is also obtained by heating ammonium 
compounds. 



Fig. 10.2 Apparatus for laboratory preparation of ammonia 

The mixture is taken in a flask and heated gently. The gas 
evolved is passed through lime tube and finally collected in a 
dry jar by downward displacement of air method. 

Precautions : (i) The apparatus should be air tight, 

(ii) For the collection of gas, dry cylindei^ should be used 
as it is very soluble in water. 

(iii) The contents in a flask be covered with a layer of calcium 
hydroxide as to absorb water otherwise the flask will crack. 

(iv) For drying of ammonia gas, the common dehydrating 
agents like sulphuric acid or CaC]2 or P2O5 cannot be used as 
these react with ammonia. 

2NH3 + H2SO4-> (NH4)2S04 

Ammonium sulphate 

CaCl2 + 8NH3 —4 CaCl2-8NH3 

Addition product 


(NH4)2S04 NH3 + NH4HSO4 P2O5 + 6NH3 + 3H2O-» 2{NH4)3P04 

Ammonium Ammonium hydrogen Ammonium phosphate 

sulphate sulphate 
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For drying, quick lime, CaO is used as it does not react with 
ammonia but reacts readily with moisture. 

CaO + H2O-> Ca(OH)2 

Quick lime 

Manufacture of Ammonia 
(i) Haber process: 

Principle : Haber process is the most important industrial 
method of preparing ammonia from N2 and H2. This method 
was discovered by a German chemist Fritz Haber in 1913 , He 
was awarded Nobel Prize in 1918 for this work. The method 
involves the direct combination of nitrogen and hydrogen 
according to the following reaction : 

N2 + 3H2 2NH3 + 24.0 kcal 

The reaction is reversible, exothermic and formation of 
NH3 is followed by a decrease in volume. According to 
Le Chatelier’s principle, the optimum conditions for the greater 
yield of ammonia are: 

(a) High pressure: Usually a pressure of 2 (X) atmos¬ 
pheres is applied. 

(b) Low temperature : The working temperature of 450 - 
550 °C is maintained, since reaction is very slow below this 
temperature. 

(c) Catalyst: At low temperature, although the yield of 
ammonia is more yet the reaction is very slow. In order to 
speed up the reaction, a catalyst is used. The following catalysts 
have been proposed for this purpose: 

(i) Finely divided iron with some molybdenum as a promoter. 

(ii) Finely divided nickel and sodalime deposited over pumice 
stone. 

(iii) Finely divided osmium or uranium. 



Fig. 10.3 

Impure gases poison the catalyst; hydrogen and nitrogen 
used, therefore, be free from CO, eto., which can spoil the 
working of the catalyst. 
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Raw materials: Nitrogen and hydrogen are the chief 
raw materials. Nitrogen is obtained from air by liquefaction 
followed by fractional evaporation of liquid air. Hydrogen is 
obtained by electrolysis of water. 

The gaseous mixture containing nitrogen and hydrogen is 
thoroughly dried before it is used for the formation of ammonia. 





Method: The mixture of nitrogen and hydrogen in the 
ratio of 1 : 3 is compressed to 200 atmospheric pressure and 
allowed to enter the ammonia converter [Fig, 10,4 (a)] at the 
base. 



Fig. 10.4 (a) Ammonia converter 

The gases are heated to 450 - 5 (K)°C. The gases now enter 
the catalyst chamber and interact forming ammonia. The issuing 
gases containing about 10% ammonia are cooled in water 
cooler when some ammonia liquefies. The remaining ammonia 
is removed from gaseous mixture by dissolving in water. The 
unreacted N2 and H2 are mixed with fresh gases and recirculated 
through the converter. A diagrammatic sketch of the plant is 
shown in Fig. 10.4 (b). 
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Ha-i-Ns N2-fH2 



CO2 absorbed in the water during the manufacture of N2 
and H2 by Haber-Bosch process can be utilised for the 
manufacture of urea or ammonium sulphate from gypsum. 


H 

|r 8-^ r 

H—O 

I I 

H H 

(iv) It can be easily liquefied at room temperature by the 
application of pressure. The liquid ammonia is colourless and 
boils at - 33 °C. It freezes at - 78 ®C. Liquid ammonia has a large 
heat of vaporisation (327 cal/g). It is, therefore, used in ic^- 
plants. 

(v) Ammonia molecules link together to form associated 
molecules through hydrogen bonding. 

H H H 

I I I 

H—N---H—N---H—N. etc. 


2NH3 + *“*') NH2COONH4 ^ NH2CONH2 + H2O 

Ammonium Urea 

carbamate 

CaS04 + 2NH4OH + CO2 —:—> (NH4)2S04 + CaCOs + H2O 

Gypsum Ammonium 

sulphate 


(ii) Cyanamide process: 

The calcium cyanamide is formed by the action of nitrogen 
on calcium carbide at 800 - 1100 °C. It is then treated with 
superheated steam at 180 °C under a pressure of 3 to 4 
atmospheres when ammonia is produced. 

CaC2+ N2 800-1 lyc ^ CaCN2+ C 

Calcium Nitrogen Calcium Carbon 

carbide cynamide 

CaCN2 + 4H2O-> Ca(OH)2 bC02 + 2NH3 

The flow sheet for this industry is given below: 


CaCO,^^CaO- 


Qc^e 


^3 
Limestone 


Quick 

lime 


Ste^ 


SSe -^CaC3-^CaCN,^Ca(OH)2 

- 1100 "C 


+C02 + NH3 


Now-a-days low temperature ( 500 ~ 600 ^C) is used under 
6-8 atmospheric pressure. 

Physiol properties: 

(i) Ammonia, NH3, is the most important commercial 
compound of nitrogen. It is a colourless gas with a characteristic 
irritating or pungent ddour. It brings tears into the eyes. 

(ii) It is lighter than air. 

(iii) It is highly soluble in water. One volume of water 
dissolves 1300 volumes of ammonia at 0®C and 1 atmosphere. 
The high solubility is due to the hydrogen bonding. The solubility 
of ammonia increases with increase of pressure and decreases 
with increase of temperature. 


.- . ^ .. 

Higher melting point and boiling point in comparison to 
other hydrides of V group are due to hydrogen bonding. 

Chemical properties: 

(i) StabiUfy: It is highly stable. It decomposes into 
nitrogen and hydrogen at red heat or when electric sparks are 
passed through it. 

' 2NH3 ^ N2 + 3H2 ■ 

(ii) Combustion: Ordinary, ammonia is neither com¬ 
bustible nor a supporter of combustion. However, it bums in 
the presence of oxygen to form nitrogen and water. 


4NH3 + 3O2-> 2N2 -t 6H2O 


(iii) Basic nature : Ammonia is a Lewis base, accepting 
proton to form ammonium ion as it has tendency to donate an 
electron pair. 


H 

I 

H—n:+h^—» 

I 

H 

It forms salts with acids. 


H 

I 

H—N^H 




NH3+Ha-> NH4CI* 

Ammonium chloride 
Thick white 
fumes 


2NH3 + H2SO4-> (NH4)2S04 

Ammonium sulphate 

Amraouia dissolves in water, its solution in water is a weak 
base. The solution is described as aqueous ammonia. The 
reaction between ammonia and water produces relatively few 
ions; ammonia remains mostly in the molecule form. It's 
ionisation in water is represented as, 

NH3 +H 20 4 =^^- NHj + OH“ 

Ammonia Water Ammonium Hydroxide 

ion ion 


Aqueous ammonia 
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The relatively few ions present do not conduct electricity 
well and ammonia may thus be called a weak base or weak 
electrolyte. 

The solution turns red litmus to blue and phenolphthalein 
pink. 

(iv) Oxidatioii : It is oxidised to nitrogen when passed 
over heated CuO or PbO. 

3 GuO + 2NH3-> 3 Cu + N2 + 3H2O 

3 PbO + 2NH3 -—> 3 Pb + N2 + 3H2O 

Both chlorine arid bromine oxidise ammonia. 

2NH3 + 3CI2-> Na + 6 HC 1 

6NH3 + 6Ha-> 61 S 1 H 4 CI 

8NH3 + 3CI2-> N2 + 6NH4CI 

(Excess) 

When chlorine is in excess an explosive substance nitrogen 
trichloride is formed. 

NH3 + 3CI2->NCl3.+ 3 HCl 

Iodine flakes when nibbed with liquor animonia form a dark 
brown precipitate of ammoniated nitrogen iodide which explodes 
readily on drying. 

2NH3 + 3I2-> NHa’NIa + 3 HI 

Hypochlorites and hypobromites oxidise ammonia to nitrogen. 

2NH3 + 3 NaC 10 ^ N2 + 3 NaCl + 3H2O 

The oxidation of ammonia with bleaching powder occurs 
on warming. 

3 CaOCl 2 + 2NH3-> 3 CaCl 2 + N2 + 3H2O 

Thus, ammonia acts as a reducing agent. 

The restricted oxidation of NH3 can be done with air, when 
the mixture is passed over heated platinum gauze at 700 - 800 °C. 

4NH3 + 5O2 ^ 4 NO + 6H2O 

This is the Ostwald’s process and used for the 
manufacture of HNO 3 . 

(v) Formation of amides : When dry ammonia is passed 
over heated sodium or potassium, amides are formed with 
evolution of hydrogen. 

2 Na + 2NH3-> 2NaNH2 + H2 

Sodamide 

(vi) Reactions of aqueous animonia : Many metal 
hydroxides are formed which may be precipitated or remain 
dissolved in the form of complex compound in excess of 
NH4OH. 

FeCla + 3NH4OH-> Fe(OH)3 + 3NH4CI 

ppt. 

AICI3 + 3NH4OH —^ A1(0H)3 + 3NH4CI 

ppt. 

CrCl3 + 3NH4OH-> Cr(OH)3 + 3NH4CI 

ppt. 

CUSO4 + 2NH4OH —> Cu(OH)2 + (NH4)2S04 

Blue ppt, 

Cu(OH)2 + {NH4)2S04 + 2NH4OH ^ [Cu(NH3)4]SQ4 + 4H2O 

Tetramine copper 
sulphate 

(Deep blue soln.) 
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CdS04 + 4NH4OH-> [Cd(NH3)4]S04 + 4H2O 

Cadmium tetramine 
sulphate 
(Colourless soln,) 

AgN03 + NH4OH-> AgOH + NH4NO3 

White ppt 

AgOH + 2NH4OH-> [Ag(NH3)2]OH + 2H2O 

Soluble 

AgCl also dissolves in NH4OH solution. 

AgCl + 2NH4OH-> [Ag(NH3)2]Cl + 2H2O 

Diamine silver chloride 

ZnS04 + 2NH4OH-> Zn(OH)2 + (NH4)2S04 

ppt. 

Zn(OH)2 + (NH4)2S04 + 2NH4OH-> 

[Zn(NH3)4]S04 + 4H2O 

Tetramine zinc sulphate 
(Soluble) Colourless 

Nickel salt fim gives a green precipitate which dissolvesTtf 
excess of NH4OH; 

NiCl2 + 2NH4OH-> Ni(OH)2 + 2NH4CI 

Ni(OH)2 + 2NH4CI + 4NH4OH [Ni(NH3)6]Cl2 + 6H2O 
It forms a white precipitate with mercuric chloride, 

HgCl2 + 2NH4OH-> HgNHjCl + NH4CI + 2H2O 

Amido mercuric 
chloride 

It forms a grey precipitate with mercurous chloride. 
Hg2Cl2 + 2NH4OH-> Hg + HgNHzCl + NH4CI + 2H2O 

Grey 

(vii) Reaction with Nessler’s reagent : A reddish brown 
ppt. is formed. 

2 KI + HgCl2->Hgl2 + 2 KCL 

2 KI + Hgl2->K2Hgl4 

Alkaline solution of K2Hgl4 is called Nessler’s reagent. This 
gives brown ppt. with NH3 called iodide of Millon’s base. 

2K2Hgl4 + NH3 + 3 KOH-> H2NHgOHgI + 7 KI +. 2H2O 

Brown ppt. 

(viii) Reaction with CO2 : When gaseous CO2 is 
reacted with liquid NH3 at 453-473 K under pressure of 220 
atmospheres, it first forms ammonium carbamate which 
decomposes to give urea. 

2NH3 + CO2-> NH2COONH4-> NH2CONH2 + H2O 

Ammonium carbamate Urea 

(ix) Reaction with sodium hypochlorite : When a strong 
aqueous solution of ammonia is boiled vrith sodium hypochlorite 
in presence of glue, hydrazine is formed. 

NH3 + NaOCl —> NH2CI + NaOH 
NH2CI + NH3-> NH2NH2 + HCl 

Chloramine Hydrazine 
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Hydrazine produced may be decomposed by chloramine 
into N2. 

2NH2CI + NH2-NH2-> N2 + 2NH4CI 

(x) Liquid ainmoma as a solvent : Ammonia like water 
undergoes self ionisation in liquid state. 

2NH3^^NHJ + NH2 

2 H 20 ^=±H 30 *+OH~ 

Liquid ammonia is, thus, used for carrying out many reactions 
of polar compounds in non-aqueous medium. 

Uses: 

(i) Liquid ammonia is used in refrigeration on account of its 
large heat of evaporation. 

(ii) Ammonia is used for making artificial silk. 

(iii) Ammonia is also the starting compound for the preparation 
of most of the other nitrogen compounds. Ammonia is used 
for the manufacture of nitric acid (Ostwald’s process), sodium 
bicarbonate (Solvay process) and ammonium compounds. 
Ammonium sulphate, ammonium calcium phosphate, ammo¬ 
nium calcium nitrate, etc., are used as fertilizers. Ammonium 
nitrate is used in certain explosives. Ammonia is also used in 
the manufacture of urea, NH2CONH2 which is an excellent 
fertilizer of nitrogen and is used in the manufacture of 
urea-formaldehyde plastics. 

(iv) Ammonia is used in the form of ammonium hydroxide 
(aq. solution) in the laboratory in qualitative and quantitative 
analysis. 

(v) Liquid hydrogen is not safe to transport in cylinders. 
Ammonia can be easily liquefied and transported safely in 
cylinders. Ammonia can be decomposed into hydrogen and 
nitrogen by passing over heated metallic catalysts. Thus, 
ammonia is the source for the production of hydrogen at any 
destination. 

(vi) It is used as a cleansing agent for removing grease. 

Tests of ammonia : (i) It is identified by its charac¬ 
teristic odour. 

(ii) It turns moist red litmus paper blue and moist turmeric 
paper brown. 

(iii) With a drop of HCl, it forms thick white fumes of 
ammonium chloride. 

(iv) With Messier’s reagent, it forms a reddish brown 
precipitate or colouration. 

(v) Ammonia gas when passed through copper sulphate 
solution gives a deep blue colour, 

(vi) . It gives a yellow precipitate with chloroplatinic acid, 

2 NH 3 + H2PtCl6-^ (NH 4 ) 2 PtCl 6 

Ammonium chloroplatinate 
(Yellow) 

structure : Ammonia is a covalent molecule. Three 
hydrogen atoms are linked to nitrogen by single covalent bonds. 
Its simple electronic structure may be represented as: 


H H 

• X I 

:n;H or N—H 

* X 

H H 


3 

The formation of ammonia molecule involves sp 
hybridization of nitrogen atom giving rise to four hybrid orbitals 
directed towards the four comers of a tetrahedron. 



H 

Three hybrid orbitals having single electron each form 
sigma bonds with three hydrogen atoms and the fourth hybrid 
orbital contains one pair of electrons.- On account of the 
presence of this lone pair of elections, the molecule gets 
distorted and acquires a pyramidal structure. The bond angle 

/ \ is not 109 *^ 28 ' but it is about 107 . 5 ^. 

H H 

Ammoniunri compounds 

The compounds having NH4 ions are called ammonium 
compounds. Some of the general characteristics of these 
compounds are described below: 

(a) These are generally white crystalline solids, dissolve in 
water and are strong electrolytes. Salts of strong acids give 
acidic solutions. 

NH4CI+H2O NH4OH + HCl 

(b) They resemble the salts of potassium and rubidium in 
solubility and structure since the three ions are of comparable 
radii : NHJ = 148 pm, = 133 pm, Rb"^ = 148 pm. 

(c) When heated with alkali, they evolve ammonia. 

NH4CI + NaOH-> NH3 + NaCl -h H2O 

or NH4 + OBT-^ NH3 -h H2O 

(d) Ammonium compounds with Messier’s reagent give a 
reddish brown precipitate or colouration. 

(e) Many ammonium compounds volatilise with dissociation 
around SOO'^C. For example, 

NH 4 C 1 ( 5 )-> MH3(g) + HCl(g) 

NH 4 M 03 ( 5 )-> MH3(g) + HM 03 (g) 

(f) Salts that contain oxidising anion first decompose 
giving MH3 and then MH3 is oxidised to M2 or M2O or both on 
heating. 

(MH4)2Cr207-> M2 + Cr203 + 4H2O 

MH4MO2-> M2 + 2H2O 

MH4MO3-> M2O + 2H2O 
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[Note : The reaction of ammonium dichromate is often referred to as 
the Volcano” reaction. A source of heat, such as lighted match, 
will cause the orange crystals to decompose, producing sparks 
and a large volume of dark green chromic oxide, Cr 203 . This 
reaction should not be carried in open.] 

Some of the important ammonium compounds are: 

(f) Ammonium hydroxide, NH 4 OH : It is the aqueous 
solution of ammonia and behaves as a weak base. 

NH3 + H2O NH4OH NH4 + OH“ 

(ii) Ammonium chloride, NH4Ci: This ammonium 
compound is also known as salammoniac. It is obtained by 
reacting NH3 with HCL 

NH3 + HCI-—>NH4C1 

It is a white crystalline solid, highly soluble in water. It is 
a volatile salt and decomposes at high temperatures into ammonia 
and hydrochloric acid gas. These two gases again combine on 
cooling. 

- ^ NH3 + ra 

The main uses of ammonium chloride are in soldering and 
tinning, in making of dry cells, in dyeing and calicoprinting and 
in medicine. It is also used as a laboratory reagent. 

(ill) Ammonium sulphate, (NH4)2S04: It is known 
in India as sindri fertilizer. It can be obtained by absorbing 
NH3 in 60 % H2SO4. 

2NH3 + H2SO4-^ (NH4)2S04 

It is a colourless crystalline solid and highly soluble in water. 
It is used as a nitrogen fertilizer and a reagent in the laboratory. 

(iv) Ammonium nitrate, NH 4 NO 3 : It is prepared by 
passing ammonia gas in 60 % nitric acid. 

NH3 + HNO3-> NH4NO3 

It is a colourless, deliquescent solid. It is very soluble in water. 
On gentle heating it decomposes and evol ves nitrous oxide. 

NH4NO3-^ N2O + 2H2O 

This is an explosive solid. On rapid heating it explodes. 

2NH4NO3 -—> 2N2 + O2 + 4H2O 
It is mainly used for making explosives such as amatol and 
ammonal. 

Amatol : 80 %NH 4 NO 3 + 20 % T.N.T 
Ammonal : NH4NO3 + A 1 powder (small quantity) 

It is also used as a fertilizer. For this purpose, it is mixed 
with other substances, e.g., 

Leuna saltpetre NH4NO3 + (NH4)2S04 
Nitro chalk NH4NO3 + CaC03 

^ 2 . Hydrazine or Diamide, NH2 NH2 or N2H4 

This is another hydride of nitrogen. It is prepared by following 
methods: 

(i) Raschig’s method : A strong aqueous solution of 
ammonia is boiled with sodium hypochlorite in presence of a 
little glue. 


NH3 + NaOCl 

NH2CI + NH3 
Chloramine 

2 NH^ + NaOCl 


NH2CI + NaOH 
NH2-NH2 + HCl 

Hydrazine 


2NH3 + NaOCl-> NH2-NH2 + NaCl + H2O 

[Hydrazine produced may be decomposed by chloramine to 
N2. 

2NH2CI + N2H4-> 2NH4CI + N2 

The function of glue is to prevent this reaction. The yield 
is about 60 - 70 %.] 

Recovery of hydrazine from the above solution is made in 
the following manner: 

Solution —N2H5 HSO4-^ N2H4 H2O— .> 

Spsaingly soluble Hydrazine ^ 

hydrate ^ 

' '' : NHd-NHo 


(ii) Hydrazine may also be obtained by treating a solution 
of K2SO3 saturated with NO with sodium amalgam (reduction 
of NO). 

K2SO3 N2O2 + 6H-> K2SO4 + N2H4 + H2O 

Recovery is made from the solution as described above. It 
is a colourless fuming liquid. It is m iscible with water in all 
proportions. It is soluble in alcohol. 

It acts as diacid base. Thus, it forms two series of salts. 

NH2NH3CI ClH3NNH3a 

Hydrazine Hydrazine 

monochlortde dichloride 

It bums in air liberating huge amount of energy. The alkyl 
derivatives of hydrazine are used these days as potential rocket 
fuels. It reacts with nitrous acid to give hydrazoic acid, N3H. 

N2H4 + HNO2 -—> N3H + 2H2O 
Hydrazine and its salts act as powerful reducing agents. 

PtCl4 + N2H4-> Pt + N2 + 4 HC 1 

4 AgN 03 N2H4-> 4 Ag + N2 + 4HNO3 

4AUCI3 + 3N2H4-> 4 Au + ■3N2 + 12 HC 1 

It reduces Fehling’s solution to red cuprous oxide, iodates 
to iodides and decolourises acidified KMn04 solution. It is 
used as a fuel for rockets, reducing agent and a reagent in 
organic chemistry. 


Structure 



3 . Hydrazoic Acid, N 3 H 


It is the third hydride of nitrogen. It is an acid while other 
hydrides, NH3 and N2H4 are bases. It is prepared by the action 
of nitrous acid on hydrazine. 

NH2 NH2 + HNO2-^ N3H + 2H2O 

It is also formed in the form of sodium salt by passing 
nitrous oxide on sodamide. 
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Na —> NaNHa ) NaNj + H2O 

Sodium Sodamide Sodium azide 



Pure hydrazoic acid is a colourless liquid. It is volatile and 
has very bad odour. It is poisonous in nature. It explodes 
violently when struck or heated. It is soluble in water and 
alcohol. It is slightly stronger acid. It dissolves many metals 
forming azides. 

2N3H + Mg ^ Mg(N 3)2 + Ha 
Silver, lead and mercurous azides are formed by reacting 
their soluble salts with N3H. 

AgNOs + N3H-> AgN3 + HNO3 

These azides explode violently when struck (used as 
detonators). 

It reduces ^acidifieAacid,, etp. . . _. . .. 

2N3H + O-> 3N2 + H2O 

N3H + HNO2-> N2 + N2O + H2O 

It oxidises HCl into CI2. 

N3H + 2 HC 1 -> N2 + NH3 + CI2 

Hydrazoic acid is a resonance hybrid. 

h^n = n = n:<-n = n: 

• * 

ii 4. Oxides of Nitrogen 

Nitrogen forms a number of oxides. The well known oxides 
of nitrogen are: 

(i) Nitrous oxide, N2O, (ii) Nitric oxide, NO, (iii) Nitrogen 
trioxide, N2O3, (iv) Nitrogen dioxide or Dinitrogen tetroxide, 
NO2 or N2O4 and (v) Nitrogen pentoxide, N2O5. Nitrous 
oxide is nontoxic in small amounts but all the other nitrogen 
oxides are highly toxic. 

(I) Dinitrogen Oxide or Nitrous Oxide, N 2 O or 
Laughing Gas (Oxidation number +1) 

Preparation : It can be prepared by heating ammonium 
nitrate or a mixture of sodium nitrate and ammonium sulphate. 

NH4NO3-> N2O + 2H2O 

2NaN03 + (NH4)2S04-> 2NH4NO3 + Na2S04 

2N2O + 4H2O 

The mixture consists of three parts ammonium sulphate and 
four parts sodium nitrate. It is heated carefully below 240 *^ 0 , 
The evolved gas is collected over hot water as it is fairly 
soluble in cold water. It is usually contaminated with nitric 
oxide (NO), ammonia (NH3) and water vapour. The gas is 
passed through ferrous sulphate solution to remove nitric oxide 
and through concentrated sulphuric acid to remove ammonia 
and water vapour. 
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FeS 04 + NO-> FeS 04 ‘N 0 

Addition product 

H2SO4 + 2NH3 -> (NH4)2S04 

Ammonium sulphate 

The following reactions can also be used to prepare nitrous 
oxide, 

(a) By the action of cold and dilute nitric acid on zinc metal. 

4 Zn + IOHNO3-^ 4Zn(N03)2 + N2O + 5H2O 

(b) By reducing nitric acid with stannous chloride and 
hydrochloric acid. 

4SnCl2 + 8 HC 1 + 2HNO3-> 4SnCl4 + N2O + 5H2O 

(c) By reducing nitric oxide with sulphur dioxide. 

2 NO + SO2 + H2O-> H2SO4 + N2O 

(d) By heating the mixture of hydroxylamine hydrochloride 
and sodium nitrite (1:1). 

NHaOH^HCl + NaNOa -—> N2O + NaCl + 2H2O 

Properties : (a) It is a colourless, tasteless gas with a 
pleasant and sweet odour. 

(b) When inhaled in moderate quantity, it produces hysterical 
laughter, hence named as laughing gas. However, when inhaled 
for long, it produces insensibility and may prove fatal too. 

(c) It is heavier than air. 

(d) It is fairly soluble in cold water but not in hot water. It 
dissolves readily in fats and is tasteless and nontoxic in small 
^mounts. 

The solution in water is neutral in nature. This is probably 
due to the following a][uilibrium which lies in the left hand side. 

N20 + H20^=:^ H2N2O2 

Hyponitrous acid 

The oxide may be taken as an anhydride of hyponitrous 
acid. However, the acid is not obtained by dissolving N2O in 
water. 

(e) It is neutral to litmus. 

(f) It does not bum but supports combustion. The burning 
material decomposes nitrous oxide into nitrogen and oxygen. 
The oxygen then helps in the burning. 

2N2O 2N2 + O2 

It supports combustion of sulphur, phosphorus, magnesium, 
sodium, candle and a splinter. 

S + 2N2O ^ SO2 + 2N2 
4 P + ION2O-> 2P2O5 + ION2 

Mg + N2O-> MgO + N2 

2 Na + N2O-> Na20 + N2 

(g) It is decomposed by red hot copper. 

Cu + N2O-> CuO + N2 

(h) A mixture of hydrogep and nitrous oxide (equal volumes) 
explodes with violence. 

N2O + H2-> N2 + H2O 
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(i) It forms sodium azide on reaction with NaNH2 (sodamide). 

NaNHa + N2O ~—> NaN 3 + H2O 
NaNH2 + H2O —^ NaOH + NH3 

2NaNH2 + N2O-> NaN3 + NaOH + NH3 

Uses : (i) A mixture of nitrous oxide and oxygen is used 
as an dental anaesthetic and other minor surgical operations. 

(ii) It is sometime used as a foaming agent and as a propellant 
gas for whipped-cream dispensers. The gas dissolves in cream 
under pressure. When the cream is dispersed, the gas bubbles 
out, forming a foam. 

Structure : N2O is linear and unsymmetrical molecule. It 
is considered as a resonance hybrid of the following two 
structures: 




The bond length between N—N is 113 pm and between 
N—Oisll 9 pm. 

It has a very small value of dipole moment ( 0.116 D). 

Tests: (i) It is a gas with pleasant odour. 

(ii) It supports the combustion of glowing splinter. 

(iii) It does not form brown fumes with nitric oxide. 

01) Nitric Oxide, NO 

(Oxidation number +2) 

Preparation : (a) By the action of dilute nitric acid on 
copper (Lab. method). 

Copper chips are taken in a Woulfe-bottle and some water 
is added. Concentrated nitric acid is poured through die thistle 
funnel and the nitric oxide liberated is collected over water. 

3 Cu + 8HNO3 —> 3 Cu(N03)2 + 2 NO + 4H2O 

The liberated gas may contain NO2 and N2O. These are 
separated by passing the mixture through ferrous sulphate 
solution! NO forms a dark brown nitroso-ferrous sulphate. 
When this solution is heated, pure nitric oxide is liberated. 

FeS 04 + NO -> FeSp4 NO FeS 04 + NO 

(Impure gas) (Daiic brown) (Pure gas) 

(b) A pure sample of nitric oxide is obtained when a mixture 
of KNO3, FeS04 and dilute H2SO4 is heated. This is also a 
laboratory method. 

2KNO3 + H2SO4-> K2SO4 + 2HNO3 

2HNO3-^ H2O + 2 NO + 30 

[2FeS04 + H2SO4 + O-> Fe2(S04)3 + H2O] x 3 


2KN03+6FeS04+4H2S04-^K2S04+3Fe2(S04)3+2NO+4H20 

(c) Nitric oxide is the first product obtained from the 
following two processes during the manufacture of nitric acid. 

(i) ElecWc arc process : By passing air through an electric 
arc, nitrogen and oxygen of the air combine together to form 


(ii) Ostwald’s proc^: By restricted oxidation of 
ammonia with air in presence of platinum gauze catalyst at 
750 ®C, nitric oxide is formed. 

^^3-h5Q2 > 4 NO . 6H2O 

Properties : (a) It is a colourless gas, slightly heavier 
than air. 

(b) It is sparingly soluble in water. 

(c) It is liquefied with difficulty under high pressure and 
low temperature (-15 PC). 

(d) It is paramagnetic indicating the presence of unpaired 
electron in the molecule. 

(e) It is neutral to litmus. 

(f) It at once reacts with oxygen to give brown fumes of 
nitrogen dioxide. 

2 NO + O2-> 2NO2 

(g) It is stable oxide. It d^ximposes into nitegen and oxygen- 
when heated at SOO^C. 

2 NO-> N2 + O2 

(h) It is combustible and supports combustion of boiling 
sulphur and burning phosphorus. 

S + 2 NO-> SO2 + N2 

(i) It dissolves in cold ferrous sulphate solution by fomn- 
ing a hydrated nitrosyl complex. 

[Fe(H 20 ) 6 ]S 04 + NO —^ [Fe(H 20 ) 5 N 0 ]S 04 + H2O 

Ferrous sulphate Hydrated nitrosyl complex 

(brown colour) 

Heat 

FeS 04 + NO + 5H2O 

In the complex p5e(H20)5N0]S04, iron is assumed to 
exhibit Fe^^ state, but from magnetic moment measurements 
it is observed that iron exhibits +1 oxidation state instead of +2. 
In this complex, ‘NO’ exhibits +1 oxidation state. 

(j) It is oxidised to nitric acid by oxidising agents like 
acidified KMn04 or hypochlorous acid. Thus, it acts as a 
reducing agent. 

[2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 + 3H2O + 50 ] x 3 

[NO + 0 ->N 02 ]x 15 

[3N02 + H2O-> 2HNO3 + NO] X 5 

6 KMn 04 + 9H2SO4 + lONO-> 3K2SO4 + 6 MnS 04 + 

IOHNO3 + 4H2O 

[HCIO-» HCl + O] X 3 

[NO + 0 -> NO2] X 3 

3NO2 + H2O-> 2HNO3 + NO 

3 HC 10 + 2 NO + H2O-> 2HNO3 + 3 HC 1 

HNO3 oxidises nitric oxide into NO2. 

2HNO3 + NO-> H2O + 3NO2 


N2 + O2 


Electric arc 


2 NO 
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- (k) It acts as an oxidising agent. It oxidises $02 to H2SO4 
and H2S to S. 

SO2 + 2 N 0 + H2O -> H2SO4 + N2O 

H2S + 2 NO-> H2O + S + N2O 

When exploded with hydrogen, it liberates nitrogen. 

2H2 + 2 N 0 -> 2H2O + N2 

However, when a mixture of hydrogen and nitric oxide is 
passed over platinum black, ammonia is formed. 

2 N 0 + 5H2 2NH3 + 2H2O 
Stannous chloride reduces nitric oxide to hydroxylamine. 

[SnCl2 + 2 HC 1 -> SnCU + 2 H] x 3 

2 N 0 + 6H-> 2NH2OH 

3 SnCl 2 + 6 HC 1 + 2 N 0 —^ SSnCU + 2NH2OH 

( 1 ) Nitric oxide directly combines with halogens (fluorine, 
chlorine, bromine) to form corresponding nitrosyl halides. 
2 N 0 + X2 -> 2 N 0 X 

(F2, Cl2 or Br2) Nitrosyl halide 

Uses I (i) In the manufacture of nitric acid. 

(ii) As a catalyst in lead chamber process for the 
manufacture of sulphuric acid. 

(iii) In the detection of oxygen to distinguish it from nitrous 
oxide. 

Structure : The molecule NO has eleven valency electrons 
and it is impossible for aU of them to be paired Hence, the 
molecule contains an odd electron which makes the gaseous 
nitric oxide as paramagnetic. 

:n=o: 

115 pm 

The structure is represented as a resonance hybrid. 

:n=o:'<- = —>:n = o: 

In the liquid and solid states, NO is known to form a loose 
dimer, N2O2. In this form, it is diamagnetic. 

2.4 A 
N^--O 

i I 1.1 A 

0-—N 

Note : The electron configuration of NO is : 

( 025 )^( 02 / 7 , 

The n electron is lost easily to give nitrosonium ion, NO^ which 
forms many salts. can be obtained by reacting N 2 O 3 with 
H 2 SO 4 . 

N2O3 + 3H2SO4-> 2NO”^ + 3HSO4 + H30^ 

From solution, NOHSO 4 is isolated. 

(Ill) Dinitrogen Trioxide, N2O3 

(Oxidation number +3) 

This oxide is also called nitrogen sesquioxide or nitrous 
anhydride. 


Preparation ; It is obtained by the reduction of nitric acid 
with arsenious oxide. 

2HNO3 H2O + N2O3 + 20 

AS2O3 + 20 —^ AS2O5 

AS2O5 4 * 3H2O -> 2H3ASO4 

AS2O3 + 2HNO3 + 2H2O --> 2H3ASO4 + N2O3 

It is known in pure state in solid form at very low 
temi^rature. In the vapour state, it is present as an equimolecular 
mixture of NO and NO2. The mixture of NO and NO2 may be 
obtained by the action of 6N nitric acid on copper. 

2 Cu + 6HNO3 —^ 2 Cu(N03)2 + NO + NO2 + 3H2O 

Properties : (a) It condenses to a blue coloured liquid at 
- 30 ^C. The liquid when warmed at room temperature, 
decomposes to a mixture of NO and NO2 (brown coloured). 

N2O3 ..NO + N02- — 

Bluecotoured 

(b) It is an acidic oxide. It forms nitrous acid with water 
and hence the name nitrous anhydride. 

N2O3 + H2O-^ 2HNO2 

The oxide combines with caustic alkali forming corres¬ 
ponding nitrite. 

2 NaOH + N2O3-> 2NaN02 + H2O 

Structure : Since the oxide is unstable in liquid and gaseous 
states and decomposes into NO and NO2, it may be assumed 
that it has" the following electronic structure: 

• ♦ XX •• XX •• 

:o:^Nx-o-xN^:o: or o==n— o— n=o 

• « 

The structure is supported by its diamagnetic behaviour. 
Structure of N2O3 is of two forms: 

0=Nx^^=0 

Symmetrical 
form 

(IV) Nitrogen Dioxide, NO 2 or 
Dinitrogen Tetroxide, N 2 O 4 
(Oxidation number-<-4) 

This oxide exists as NO2 in gaseous state while at low 
temperature, it exists as a dimer N2O4 (solid state). 

2NO2 V— N2O4 

Brown gas Colourless solid 

Prepamtion : It is prepared in the laboratory either by 
heating nitrates of heavy metals or by the action of concentrated 
nitric acid on metals like copper, silver, lead, etc. 

2Pb(N03)2 —^ 2PbO + 4NO2 + O2 

The mixture of nitrogen dioxide and oxygen is passed 
through a U-tube cooled by freezing mixture. Nitrogen 




O 




N—N 


Asymmetrical 

form 
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dioxide condenses to a pale yellow liquid while oxygen 
escapes, 

Cu + 4HNO3-> Cu(N03)2 + 2NO2 + 2H2O 

It is also obtained by air oxidation of nitric oxide, 

2 NO + O2-> 2NO2 

Properties: (a) It is a brown colourol gas with pungent 
odour. Above 140 ®C, it is 1 (X)% NO2* The liquid as well as 
solid is entirely N2O4 (dimer) at low temperature. The liquid 
boils at 22 °C and solid melts at -IFC, 

(b) It decomposes completely into nitric oxide and oxygen 
at 620 ^C. 

2NO + O2 

. Gaseous mixture 

(Colourless) 

(c) When reacted with , cold water, it forms a mixture of 
nitrous acid and nitric acid. 

2NO2 + H2O-> HNO2 + HNO3 

On account of this, it is known as mixed anhydride of 
these two acids. However, with an excess of warm water it 
forms nitric acid and nitric oxide. 

3NO2 + H2O-> 2HNO3 + NO 

(d) When absorbed by alkalies, nitrites and nitrates are 
formed. 

2NO2 + 2 NaOH-> NaN02 + NaNOs + H2O 

(e) It acts as an oxidising agent. It oxidises metals like 
sodium, potassium, mercury, tin, copper, etc, 

NO2 + 2 Na-> Na20 + NO 

NO2 + 2 Cu-> CU2O + NO 

Non-metals like carbon, sulphur, phosphorus when burnt in 
its atmosphere, are converted into corresponding oxides. 

5NO2 + 2 P-> P2O5 + 5 NO 

2NO2 + S-> SO2 + 2 NO 

2NO2 -f- C-> CO2 + 2 NO 

It liberates iodine from KI and turns starch-iodide paper 
blue. 

2 KI + 2NO2-> 2KNO2 + I2 

In aqueous solution, it oxidises SO2 to sulphuric acid. 

SO2 + H2O + NO2-> H2SO4 + NO 

This reaction is used for the manufacture of H2SO4 by lead 
chamber process. 

H2S is oxidised to S and CO to CO2. 

H2S + NO2-> H2O + S + NO 

CO + NO2-> CO2 + NO 

(f) It behaves also as a reducing agent. It reduces ozone to 
oxygen. 

2NO2 + O3-^ N2O5 + O2 

It decolourises acidified KMn04 solution. 

2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 + SHiO + 50 

IONO2 + 5H2O + 50-> IOHNO3 

2KMn04 + 3H2SO4 + IONO2 + 2H2O-> 

K 2 SO 4 + 2 MnS 04 + 1 ()HN 03 


Uses : (i) It is used for the manufacture of nitric acid, 

(ii) It is employed as a catalyst in the lead chamber process 
for the manufacture of sulphuric acid. 

Structure: NO2 molecule has V-shaped structure with 
O—^N—O bond angle 132 ^ and N—O bond length of about 
119 pro which is intermediate between a single and a double 
bond. Hence, NO2 is regarded as a resonance hybrid of the 
following two structures: 


0000 

The molecule is an odd electron molecule. The paramagnetic 
behaviour of NO2 confirms this view. Due to possession of 
odd electron, it is coloured and has a tendency to polymerise 
to form a colourless dimer, N2O4. The dimer is planar in 
structure with N—N bond length 175 pm. 


175 pm 
N-^N 

Planar 

(V) Dinitrogen or Nitrogen Pentoxide, N 2 O 5 

(oxidation number +5) 

This oxide is also known as nitric anhydride. 

Preparation : It is prepared by distilling concentrated 
nitric acid with phosphorus pentoxide in a glass apparatus. 

2HNO3-> H2O + N2O5 

P2O5 + H2O-> 2HPO3 

P2O5 4 > 2HNQ3 -> 2HPO3 + N2Q5 

It is also prepared by the action of dry chlorine on solid 
silver nitrate at 95 '^C. 

4 AgN 03 + 2CI2 4 AgCl + 2N2O5 + O2 

Properties : (a) It is a white crystalline solid. The crystals 
melt at 30 ^C giving a yellow liquid which decomposes at 40 ^C 
to give brown NO2. The decomposition occurs with explosion. 

2N2O5-> 4NO2 + O2 

(b) It is an acidic oxide. It reacts with water with hissing 
sound forming nitric acid. 

N2O5 + H2O-> 2HNO3 

On account of this, it is known as nitric anhydride. With 
alkalies it forms nitrates, 

2 NaOH + N2O5-> 2NaN03 + H2O 

(c) It acts as a strong oxidising agent. It affects organic 
substances such as cork, rubber, etc. It oxidises iodine readily 
into iodine pentoxide, 

I2 + 5N2O5-> I2O5 + •IONO2 

(d) With aqueous NaCl, the ionic reaction takes place. 

N2O5 + NaCl-> NaN03 + NO2CI 
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The reaction proves that N2O5 exists as ionic nitronium 
nitrate (NO2 NO3). 

(e) N2Q5 is decomposed by alkali metals. 

N2O5 + Na-> NaNOj + NO2 t 

Structure ; In the gaseous state, it exists as a symmetrical 
molecule having the structure O2N— O —^N02. N—O—bond 
is almost linear. It may be represented as: 

151 pm 
1 •* 

N—O—N 

Planar 

X-ray studies suggest that solid N2O5 is ionic in nature, i.e., 
nitronium nitrate, NOj N03~. 

^ 5. Oxyacids of Nitrogen 

Nitrogen forms a number of oxyacidi The most common 
and important oxyacids are: 

(i) Nitrous acid, HNO2 and (ii) Nitric acid, HNO3, 

(I) Nitrous Acid, HNO 2 

The free acid is unknown. It is known only in solution. 

Pi^paratibn: Nitrous acid is unstable and is usually 
prepared when needed as an aqueous solution. A solution of 
nitrous acid can be prepared by acidifying solutions of nitrites 
with mineral acids. 

2NaN02 + H2SO4-> Na2S04 + 2HNO2 

KNO2 + HCl-> KCl + HNO2 

Nitrates on heating with lead decompose to give nitrite. 

A 

NaNOs + Pb NaN02 + PbO 

An aqueous solution of the acid, free from any salt, can be 
prepared by treating barium nitrite with calculated amount of 
dilute sulphuric acid. Since the acid is very unstable, the reaction 
is carried out at low temperature (freezing mixture temperature). 
The insoluble barium sulphate is filtered off. 

Ba(N02)2 + H2SO4-> BaS 04 + 2HNO2 

Insoluble 

A solution of nitrous acid may also be prepared by dissolving 
N2O3 in water. 

N2O3 + H2O-> 2HNO2 

Properties : (a) Aqueous solution‘of nitrous acid is pale 
blue. This is due to the presence of nitrogen trioxide, N2O3. 
The colour fades on standing for sometime, 

(b) It is a weak acid and reacts with alkalies to form salts 
known as nitrites. 

HNO2 + NaOH-> NaN02 + H2O 

(c) Auto-oxidatioii: The acid is unstable and even in 
cold solution, it undergoes auto-oxidation. 




2HNO2-> 2 NO + H2O + O 

HNO2 + O —^ HNO3 

3HNO2 2 NO + HNO3 + H2O 
On heating, it decomposes into nitric oxide and nitrogen 
dioxide. 

2HNO2-> H2O + N2O3 

1L 

NO + NO2 

(Brown) 

(d) Oxidising nature ; It acts as an oxidising agent due 
to ease with which it decomposes to give nascent oxygen. The 
potential equation when it acts as an oxidising agent is: 

2HNO2 -—> H2O + 2NO + O 

(i) Iodine is liberated from potassium iodide. 

2 KI -b H2SO4 + 2HNO2-> K2SO4 +. 2 NO + I2 + 2H2O 

(ii) Stannous chloride is oxidised to stannic chloride. — 

SnCl2 + 2 HC 1 + 2HNO2-> SnCl4 + 2 NO + 2H2O 

(iii) Sulphur dioxide is oxidised to sulphuric acid. 

SO2 -I- 2HNO2-> H2SO4 + 2 NO 

(iv) Sulphur is formed by oxidation of hydrogen sulphide. 

H2S + 2HNO2 —S + 2H2O + 2 NO 
, (v) Acidified ferrous sulphate is oxidised to ferric sulphate. 

2 FeS 04 + H2SO4 + 2HNO2-> Fe 2 (S 04)3 + 2 NO + 2H2O 

(vi) Sodium arsenite is oxidised to sodium arsenate. 
Na 3 As 03 + 2HNO2-> Na 3 As 04 + 2 NO + H2O 

(e) Reducing nature : Nitrous acid acts as a reducing 
agent as it can be oxidised into nitric acid. 

HNO2 + O->HN03 

(i) It reduces bromine to hydrobromic acid. 

Bra + H2O + HNO2 — 2 HBr + HNO3 

(ii) Acidified potassium permanganate is decolourised. 
2KMn04 + 3H2SO4 + SHNOa 

K2SO4 + 2MnS04 + 5HNO3 + 3H2O 

(iii) Acidified potassium dichromate is reduced to chromic 
sulphate (green). 

KaCtaOa + 4H2SO4 + SHNOa-^ 

k2S04 + Cr2(S04)3 + 3HNO3 + 4H2O 

(iv) Hydrogen peroxide is reduced to water. 

H2O2 + HNO2-> HNO3 + H2O 

(f) Reaction with amnionia : It reacts with ammonia to 
form nitrogen and water, 

NH3 + HNO2-> [NH4NO2] Na + 2H2O 

Intermediate 

(g) Reaction with urea : It decomposes urea and other 
aliphatic primary amines to nitrogen. 

NH2CONH2 + 2HNO2-> 2N2 + CO2 + 3H2O 

Urea 

C2H5NH2 + MO NO —^ C2H5OH + N2 -H H2O 

F.i h VI a ni i nc Ethyl alcohol 
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(h) Reaction with aniline and other aromatic amines: 

It forms diazo compounds with aromatic amines at low 
temperatures. 

C6H5NH2 HCI + HNO2-> CeHsN^NCl + 2H2O 

Aniline hydro- Benzene diazonium 

chloride chloride 

Uses : (i) It is used in organic chemistry in the preparation 
of diazo compounds which are employed for making aniline 
dyes. 

(ii) It is also used for the replacement of —^NH2 group by 
—OH group in aliphatic primary amines. 

(iii) In analytical chemistry, it is used both as an oxidising 
and reducing agent. 

Structure : Since nitrous acid forms two types of organic 
derivatives, the nitrites (R —ONO) and nitro compounds 
(R —NO2), it is considered to be a tautomeric mixture of two 


forms. 

and H— 

^0 

hon=o 

or h:o:n::o: 

* • 

• * 

and h:n;** 

•♦•0: 

• • 

Note ; Possible oxidation state of nitrogen lies between +5 and - 3 . In 
HNO 2 ; oxidation state of nitrogen is + 3 ; the oxidation state may 
increase up to +5 and decrease up to - 3 . Thus, HNO 2 acts both 
as oxidising and reducing agent. On the other hand in HNO 3 , 
oxidation state of nitrogen is + 5 , thus, it acts only as oxidising 


agent (itself undergoing reduction till -3 oxidation state is 
achieved), 

(II) Nitric Acid, HNO 3 

It was named aqua fortis (meaning strong water) by 
alchemists. Glauber obtained it by the action of sulphuric acid 
on nitre. 

Laboratory preparation : It is prepared in the laboratory 
by heating a mixture of alkali nitrate and concentrated sulphuric 
acid in a glass retort as shown in Fig. 10 . 5 . 

KNO3 + H2SO4-> KHSO4 + HNO3 


Retort 



Fig. 10.5 Laboratory preparation of nitric acid 
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The va|K)urs of nitric acid evolved are condensed in a glass 
receiver. The nitric acid thus obtained may contain oxides of 
nitrogen as impurity. The dissolved oxides of nitrogen are 
removed by redistillation or blowing a current of carbon dioxide 
through warm acid. 

Manufacture : Nitric acid is of great commercial impor¬ 
tance as it is needed in large amounts for the manufacture of 
explosives, fertilizers, dyes, drugs, etc. Before world war I, 
the only available method for the manufacture of nitric acid 
was the distilling of nitre with concentrated sulphuric acid. 
Now-a-days the following two processes are employed for the 
manufacture of nitric acid : 

(i) Birkeland and Eyde process or Arc process. 

(ii) Ostwald’s process. This process is most recent. 

ii (a) Birkeland and Eyde Process 

Principle : The reaction between nitrogen and oxygen is 
reversible and endothermic in nature. - - -- 

N2 + O2 2 NO - 43,200 calories 

According to Le Chatelier’s principle, the formation of nitric 
oxide is favoured by high temperature. The temperature is thus 
maintained about 3 (X) 0 ^C by the use of an electric arc. The 
nitric oxide formed is immediately cooled to lOOO'^C as to 
prevent its decomposition. Nitric oxide further combines with 
oxygen to form nitrogen dioxide, 

2 NO + O2-> 2NO2 ■ 

The vapours are then passed through water when nitric acid 
is produced. 

2NO2 + H2O-> HNO3 + HNO2 

3HNO2-> HNO3 + 2 NO + H2O 

PrTOess: Air is blown into an electric arc established 
between two water cooled copper electrodes and spread into 
a disc with the help of a strong magnetic field applied at right 
angles (Fig. 10 . 6 ). The electric arc produces a temperature of 
about 3000 X. Nitrogen and oxygen combine to form nitric 
oxide. The gases coming out of this furnace consists of 1.25 
to 2 % nitric oxide. These gases are cooled down quickly to 
lOOO'^C. The gases are further cooled to ISO'^C by passing 
through boiler pipes. The gases now enter the oxidation chamber 
where nitric oxide combines with oxygen and is oxidised to 

NO2 



Fig; 10.6 Manufacture of nitric acid 
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nitrogen dioxide. Nitrogen dioxide thus produced is absorbed 
in water in the absorption tower (70 ft high and 20 ft in 
diameter) packed with quartz. The nitric acid in the first tower 
reaches a strength of 30 to 40 % while in the succeeding 
towers, the strength is about 20 , 10 and 5 % respectively. 

The utility of this method has declined gradually and today 
it is practically outdated because the yield in this process is 
very poor and the consumption of electrical power is high. 

^ (b) Ostwald’s Process (Modern Process) 

Principle : The mixture of ammonia and air when passed 
over platinum gauze catalyst at 750 ~ 900 ^C, the ammonia is 
oxidised to nitric oxide (NO), 

4NH3 + 502 ) 4 NO + 6H2O + 21,600 calories 

750-900°C 

The reaction is exothermic and the heat of reaction maintains 
the temperature of the catalyst. 

The nitric oxide is then oxidised to nitrogen dioxide, (NO2), 
by O2 from the air which is cooled to 50 °C and absorbed in 
water. The resulting NO can be volatilized and recycled. 

2 NO + O2-> 2NO2 

3NO2 + H2O-> 2HNO3 + NO 

Process : A mixture of dry ammonia and purified air (free 
from carbon dioxide and dust particles) in the ratio of 
1 : 10 (by volume) is passed through the catalyst chamber 
containing platinum gauze (Fig. 10 . 7 ). The gauze is initially 



Fig . 10,7 Ostwald’s process 

heated to about 800 °C electrically. Subsequently, the temperature 
is maintained by heat of reaction. Ammonia is rapidly oxidised 
to nitric oxide. The yield varies from 90 - 95 %. 

The gases issuing from the converter are cool«l and then 
mixed with air in large empty chamber known as oxidation 
chamber. Nitric oxide gets oxidised to nitrogen dioxide. Nitrogen 
dioxide is now absorbed in water in the absorption tower 
packed with broken quartz. The nitric oxide formed is again 
oxidised by oxygen and nitrogen dioxide is fiirther absorbed by 
water. The total reaction thus is: 

4NO2 + 2H2O + O2-> 4HNO3 

The concentration of acid produced is about 50 - 60 %. 


Concentration of nitric acid : Dilute nitric acid ( 50 - 60 %) 
obtained in the above process is concentrated by distillation till 
a constant boiling mixture (b.pt. 121 °C) is formed. This is 
ordinary concentrated nitric acid (sp. gr, 1 . 414 ) and its strength 
is 68%. More concentrated HNO3 is produced by distilling the 
ordinary concentrated nitric acid with concentrated sulphuric 
acid. The distillate is 98 % HNO3 (sp. gr. 1 . 51 ). The cent per 
cent HNO3 is obtained by cooling 98 % HNO3 in a freezing 
mixture. The colourless crystals (m.pt. -A 2 °C) are melted to 
get 100 % HNO3. 

Fuming nitric acid : It contains dissolved NO2 in 
concentrated nitric acid. It is brown in colour. Fuming acid is 
obtained by distilling concentrated HNO3 with a little starch. 
Nitric acid is reduced by starch into NO2 which dissolves in 
the remaining acid to form fuming nitric acid. Fuming nitric 
acid is a strong oxidising agent. 

Physical properties : Anhydrous nitric acid is a c olour- 
less fuming liquid having a pungent smell. Concentrated nitric 
acid is often pale yellow as a result of partial decomposition of 
the acid to NO2. It boils at 84 . 1 °C and freezes at - 42 °C. It is 
soluble in water in all proportions. The aqueous solution 
containing about 68% of HNO3 by weight forms a constant 
boiling mixture. This is the ordinary concentrated HNO3 (sp. 
gr. 1 . 414 ). Nitric acid usually acquires yellow colour due to its 
decomposition by sunlight into NO2. 

4HNO3 ) 4NO2 + 2H2O + O2 

The yellow colour of the acid can be removed by warming 
it to 60 - 80 ''C and bubbling dry air through it. 

It has extremely coixosive action on the skin and causes 
painful sores. 

Chemical pmpeities: 

(A) It is a very strong acid. It exhibits usual properties of 
acids. It reacts with basic oxides, carbonates, bicarbonates 
and hydroxides forming conresponding salts. 

CaO + 2HNO3-> Ca(N03)2 + H2G 

Na2C03 + 2HNO3-^ 2NaN03 + H2O + CO2 

NaOH + HNO3 —NaNOs + H2O 

(B) Oxidising nature 

Nitric acid acts as a strong oxidising agent as it decomposes 
to give nascent oxygen easily. 

2HNO3-> H2O + 2NO2 + o 

or 2HNO3-> H2O + 2 NO + 30 

(i) Oxidatton of non-metals : The nascent oxygen 
oxidises various non-metals to their corresponding highest 
oxyacids. 

( 1 ) Sulphur is oxidised to sulphuric acid. 

[2HNO3-> H2O + 2NO2 + O] X 3 

S + 30 + H2O-> H2SO4 

S + 6HNO3-> H2SO4 + 6NO2 + 2H2O 

Cone, and hot 
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(2) Carbon is oxidised to carbonic acid. 


[2HN03 — 
C + 20 + H2O — 

4 H2O + 2NO2 + 0 ] X 2 

4 H2CO3 

C + 4HNO3 -> H2CO3 + 4NO2 + H2O 

( 3 ) Phosphorus is oxidised to orthophosphoric acid. 

[2HNO3 — 

4 H2O + 2NO2 + 0 ] X 5 

2 P + 50 + 3H2O — 

■4 2H3PO4 

2 P+ lOHNOs — 

Cone, and hot 

4 2H3PO4 + IONO2 + 2H2O 

( 4 ) Iodine is oxidised to iodic acid. 

[2HNO3 — 

4 H2O + 2NO2 + 0 ] X 5 

I2 + 50 + H2O — 

4 2HIO3 

I2 + IOHNO3 — 

Cone, and hot 

4 2HIO3 + IONO2 + 4H2O 

(ii) Ondation of metalloids : Metalloids like non-metals 
also form highest oxyacids. 

( 1 ) Arsenic is oxidised to arsenic acid. 

[2HNO3 — 

H2O + 2NO2 + O] X 5 

2 As + 50 + 3H2O — 

-4 2H3ASO4 

2 As + IOHNO3 — 

-4 2H3ASO4 + IONO2 + 2H2O 

or As + 5HNO3 — 

Cone, and hot 

-> H 3 ASO 4 + 5NO2 + H 2 O 

( 2 ) Antimony is oxidised to antimonic acid. 

Sb + 5HNO3 — 

Cone, and hot 

-4 H3Sb04 + 5NO2 + H2O 

( 3 ) Tin is oxidised to metastannic acid. 

[2HNO3 — 

-4 H2O + 2NO2 + O] X 2 

Sn + 20 + H2O — 

-4 H 2 Sn 03 

Sn + 4HNO3 — 

-4 HaSnOa + 4NO2 + H2O 

(lii) Oxidation of compounds : ( 1 ) Sulphur dioxide is 
oxidised to sulphuric acid. 

2HNO3 — 

-4 H2O + 2NO2 + 0 

SO2 + 0 + H2O — 

-4 H2SO4 

SO2 + 2HNO3 — 

-4 H2SO4 + 2NO2 

( 2 ) Hydrogen sulphide is 

1 oxidised to sulphur. 

2HNO3 — 

-4 H20 + 2NO2 + 0 

H2S + 0 — 

-4 H2O + s 

H2S + 2HNO3 — 

-4 2NO2 + 2H2O + S 

( 3 ) Ferrous sulphate is oxidised to ferric sulphate in presence 
of H2SO4. 

2HNO3 — 

-4 H2O + 2 N 0 + 30 

[2FeS04 + H2SO4 + 0 — 

—> Fe 2 (S 04)3 + H2O] X 3 


6FeS04 + 3H2SO4 + 2HNO3-> 3Fe2(S04)3 + 2 NO + 4H2O 

NO is absorbed by ferrous sulphate and a dark brown ring 
of nitroso ferrous sulphate is formed. This is the ring test for 
nitrates. 


[Nitrate + ferrous sulphate + cone, sulphuric acid-^ 

a brown ring (FeS04N0)] 
( 4 ) Iodine is liberated from KI. 

2HNO3-^ 2 NO + H2O + 30 


[ 2 KI + 2HNO3 + O-> 2KNO3 + I2 + H2O] X 3 


6KI + 8HNO3-> 6KNO3 i 2 N 0 + 3I2 + 4H2O 

( 5 ) HBr, HI are oxidised to Bra and I2, respectively. 

2HNO3-> H2O + 2NO2 + 0 

2 HBr + 0 -> H2O + Bra 

2 HBr + 2HNO3 

-> Bra + 2NO2 + 2H2O 

Similarly, 2 HI + 2HNO3 

-> I2 + 2NO2 + 2H2O 

(6) Ferrous sulphide is oxidised to ferrous sulphate. 

[2HNO3 

-^ H2O + 2NO2 + 0 ] X 4 

FeS + 40 

-> FeS04 

FeS + 8HNO3 

-> FeS04 + 8NO2 + 4H2O 

( 7 ) Stannous chloride is 
presence of HCL 

oxidised to stoffic" chloride “iif 

[SnCl2 + 2 HC 1 

-> SnCl4 + 2 H 1 X 7 

2HNO3 + 14 H 

-^NHaOH +NH3 + 5H2O 

Hydnoxylamine 

NH3 + HNO3 

-> NH4NO3 

TSnCla + 14 HC 1 + 3HNO3 

-> 7SnCl4 + NH2OH + 

NH4NO3 + 5H2O 

(8) Cane sugar is oxidised to oxalic acid. 

[2HNO3 — 

+ H2O + 2NO2 + 01 X 18 

CizHaaOii + 180 - 

4 6 (C 00 H )2 + 5H2O 

Cane sugar 

Oxalic acid 


C12H22O11 + 36HNO3-> 6 (C 00 H )2 + 36NO2 + 23H2O 


(C) Action on metals 

Most of the metals with the exception of noble metals like 
gold and platinum are attacked by nitric acid. Nitric acid plays 
a double role in the action of metals, ie, it acts as an acid as 
well as an oxidising agent. Armstrong postulated that primary 
action of nitric acid is to produce hydrogen in the nascent 
form. Before this hydrogen is allowed to escape, it reduces the 
nitric acid into number of products like NO2, NO, N2O, N2 or 
NH3 according to the following reactions: 

Metal + HNO3-> Nitrate + H 

2HNO3 + 2 H-> 2NO2 + 2H2O 

2HNO3 + 6H-^ 2 NO + 4H2O 

2HNO3 + lOH-> N2 + 6H2O 

2HNO3 + 16 H-> 2NH3 + 6H2O 

The progress of the reaction is controlled by a number of 
factors: 

(a) the nature of the metal, 

(b) the concentration of the acid, 

(c) the temperature of the reaction, 

(d) the presence of other impurities. 
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According to another view, reduction of nitric acid with 
nascent hydrogen occurs only in the case of those metals 
which are above hydrogen in the electrochemical series. In the 
case of metals which are below the hydrogen in the 
electrochemical series, the formation of hydrogen is not possible 
and thus metals are oxidised by nitric acid. The oxide formed 
being basic in nature reacts with nitric acid to form nitrate. 

HNO3-> O 

Metal "f O- > Oxide 

Oxide + HNO3 -> Nitrate + Water 

(1) Metals which are above hydrogen in electro¬ 
chemical series : 

(i) When hydrogen is given off: Magnesium and 
manganese are the metals that liberate hydrogen with dilute 
nitric acid. 

Mg + 2HNO3 Mg(N03)2 + H2 

Dilute 

Mn + 2HNO3-> Mn(N03)2 + H2 

Dilute 

(ii) When metal nitrates are formed and nitric acid is 
reduced: 

(a) Zinc; It reacts with very dilute nitric acid (6%) to 
form ammonium nitrate. 

[Zn + 2HNO3-> Zn(N03)2 + 2 H] x 4 

HNO3 + 8 H -> NH3 + 3H2O 


NH3 + HNO3-> NH4NO3 


4 Zn + IOHNO3 - 

V. dilute 

—» 4Zn(N03)2 + NH4NO3 + 3H2O 

It reacts with dil. HNO3 ( 20 %) to form nitrous oxide (N2O). 

[Zn + 2HNO3 - 

Zn(N 03)2 + 2 H] X 4 

2HNO3 + 8H - 

N2O + 5H2O 

4 Zn + IOHNO3 - 

Dilute 

—» 4 Zn(N 03)2 + N2O + 5H2O 

It reacts with cone. HNO3 ( 70 %) to form nitrogen dioxide 
(NO2). 

Zn + 2HNO3-> Zn(N03)2 + 2 H 

[HNO3 + H - 

—^ NO2+H2O] X 2 

Zn + 4HNO3 - 

Cone. 

Zn(N 03)2 + 2NO2 + 2H2O 


(b) Iron : Iron with very dilute nitric acid forms 
ammonium nitrate. 

4 Fe + IOHNO3-> 4Fe(N03)2 + NH4NO3 + 3H2O 

Ferrous nitrate 

Iron with dilute nitric acid forms nitrous oxide. 

4Fe + IOHNO3 —4Fe(N03)2 + NjO + SHjO 

Dilute 
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Iron With cone. HNO3 forms nitrogen dioxide (NO2). 


Fe + 3HNO3-> Fe(N03)3 + 3 H 

[HNO3+H - ^ NO2 + H2O] X 3 


Fe + 6HNO3 —- 

Fe(N03)3 + 3NO2 + 3H2O 

Cone. 

Feiric nitrate 

Iron is rendered passive by highly concentrated nitric acid 

80 %. 


(c) Tin : Tin forms ammonium nitrate with dilute nitric 

acid. 


4 Sn + IOHNO3 — 

^ 4Sn(N03)2 + NH4NO3 + 3H2O 

Dilute 

Stannous nitrate 

Tin forms metastannic acid with cone. HNO3 and evolves 

nitrogen dioxide. 


Sn + 4HNO3 — 

H2Sn03 + 4NO2 + H2O 

Hot cone. 

Metastannic acid 

(d) Lead: It forms nitric oxide with dilute HNO34 - 

[Pb + 2HNO3 — 

Pb(N 03)2 + 2 H] X 3 

[HNO3 + 3 H — 

NO + 2H2O] X 2 

3 Pb + 8HNO3 — 

3 Pb(N 03)2 + 2 NO + 4H2O 

Dilute 


It forms nitrogen dioxide with cone. HNO3, 

Pb + 2HNO3 — 

Pb(N 03)2 + 2H 

[HNO3 + H — 

NO2 + H2O] X 2 

Pb’+ ISnOb — 

Pb(N03)2 + 2NO2 + 2H2O 

Cone. 


(2) Metals which are below hydrogen in the etec* 

trochemical series: 


(a) Copper : Copper with cold dil. HNO3 forms nitric 

oxide (NO). 


2HNO3 — 

H2O + 2 NO + 30 

[Cu + 0 — 

CuO] X 3 

[CuO + 2HNO3 — 

Cu(N 03)2 + H2O] X 3 

, 3 Cu + 8HNO3 — 

3 Cu(N 03)2 + 2 NO + 4H2O 

Copper with hot cone. HNO3 forms nitrogen dioxide (NO2). 

2HNO3 — 

-4 H2O + 2NO2 4 0 

Cu + 0 — 

“4 CuO 

CuO + 2HNO3 — 

Cu(N 03)2 + H2O 

Cu + 4HNO3 — 

Cu(N03)2 + 2NO2 + 2H2O 

Hot cone. 


(b) SOver : Silver behaves similarly as copper. 

3 Ag + 4HNO3 — 

3AgN03 + NO + 2H2O 

Dilute 


Ag + 2HNO3 — 

AgN03 + NO2 + H2O 

Cone. 


(c) Mercury : Mercury 

with dilute nitric acid forms 

mercurous nitrate and nitric oxide. 
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2HNO3 —^ H2O + 2 NO + 30 

[ 2 Hg + 0 -> Hg 20 ] X 3 

[Hg20 + 2HNO3-> Hg2(N03)2 + H2O] X 3 

6Hg + 8HNO3-> 3Hg2(N03)2 + 2 N 0 + 4H2G 

Dilute Mercurous nitrate 

Mercury with cone. HNO3 forms mercuric nitrate and 
nitrogen dioxide. 

2HNO3-> H2O + 2NO2 + O 

Hg + O-> HgO 

HgO + 2HNO3-> Hg(N03)2 + H2O 

Hg + 4HNO3 -—> Hg(N03)2 + 2NO2 + 2H2O 

Cone. Mercuric nitrate 


Summary: 


Concentration of 
nitric acid 

Metal 

Main products 

Very Dilute HNO3 

Mg, Mn 

H2 + metal nitrate 

Fe, Zn, Sn 

NH4NO3 + metal nitrate 


Pb, Cu, Ag, Hg 

NO + metal nitrate 

Dilute HNO3 

Fe, Zn 

N2O + metal nitrate 


Sn 

NH4NO3 + Sn(N03)2 


Zn, Fe, Pb, Cu, Ag 

NO2 + rnetal nitrate 

Cone. HNO3 

Sn 

NO2 + H2Sn03 

Metastannic acid 


(3) Metals which become passive ; The concen- 
trated nitric acid renders metals like iron, cobalt, nickel, 
chromium, etc., passive. Aluminium is also rendered passive 
by nitric acid. 

The inertness exhibited by metals under conditions in 
which chemical activity is expected is known as passivity. 

For example, iron displaces copper from copper sulphate 
solution. This property of iron is lost if it is dipped in cone. 
HNO3. The phenomenon of passivity (inertness) is best explain¬ 
ed by assuming the formation of a thin film of oxide on the 
surface of the metal which prevents the action of the reagent. 

(4) Metals which do not react: Noble metals like 
gold, platinum, iridium, rhodium, etc., are not acted upon by 
nitric acid. However, these metals dissolve in aqua-regia 
(3 parts cone. HCl and one part cone. HNO3). Aqua-regia 
forms nascent chlorine which attacks these metals. 

Gold: 

[HNO3 + 3 HC 1 -> NOCl + 2H2O + 2 C 1 ] X 3 

Nitrosyl chloride 

[Au + 3 C 1 -> AUCI3] X 2 

[AUCI3 + HCl-> HAuCUl X 2 

2 Au + 3HNO3 + 1 IHCl-> 2HAUCI4 + 3 N 0 C 1 + 6H2O 

Chloroauric acid 


Platinum : 

[HNO3 + 3 HC 1 -> NOCl + 2H2O + 2 C 1 ] X 2 

Pt + 4 C 1 -> PtCl4 

PtCl4 + 2 HC 1 -> H2PtCl6 

Pt + 2HNO3 + 8 HC 1 —^ H2PtCl6 + 2 N 0 C 1 + 4H2O 

Chloroplatinic acid 

(D) Action on organic compounds 

(i) Nitration : The replacement of one or more hydrogen 
atoms of an organic compound by a nitro group (—^N02) is 
known as nitration. The nitration occurs in presence of cone, 
sulphuric acid with the formation of nitronium ion, NO2. 

HNO3 + 2H2SO4 ^ NO2 + 2 HS 0 J + HaO^ 

Nitronium ion Hydronium io 

Benzene and phenol when treated with a mixture of cone. 
HNO3 and cone. H2SO4 form nitrobenzene and trinitro phenol 
(picric acid) fesp&tively. ^ ~ 

^ + HONO2 ^ I H20 

Benzene Nitrobenzene 

OH 

3HONO2 H2SO4 3H2O 

NO2 

Picric acid 

Glycerol with cone. HNO3 in presence of cone. H2SO4 
below 25 °C forms glycerol trinitrate (Nitroglycerine). 

CH2OH CH2ONO2 

CHOH + 3HONO2 —CHONO2 + 3H2O 

I Below 25°C | 

CH2OH CH2ONO2 

Nitroglycerine 

Action on proteins : Nitric acid attacks proteins forming 
a yellow nitro compound called xanthoprotein. It, therefore, 
stains skin and renders wool yellow. This property is utilised 
for the test of proteins. . 

(ii) Oxidation : A number of organic compounds are 
oxidised. 

Sawdust catches fire when nitric acid is poured on it. 
Turpentine oil bursts into flames when treated with fuming 
nitric acid. Cane sugar is oxidised to oxalic acid. Toluene is 
oxidised to benzoic acid with dil. HNO3. 

CH3 COOH 

Q + 30 “ Q + H,o 

Benzoic acid 


OH 



Phenol 
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Uses : Nitric acid is used : 

(i) in the manufacture of explosives like T*N.T. (trinitro¬ 
toluene), picric acid, nitroglycerine, dynamite, etc. 

(ii) in the manufacture of fertilizers like ammonium nitrate, 
basic calcium nitrate, etc. 

(iii) in the manufacture of artificial silk, dyes, drugs, 
perfumes, etc. 

(iv) in the purification of silver and gold. 

(v) as a laboratory reagent. 

(vi) as a solvent for metals, for etching designs on wares 
of brass, bronze, etc. 

(vii) in the preparation of aqua-regia. 

(viii) in the manufacture of sulphuric acid. 

(ix) for nitration of organic compounds. 

(x) for the manufacture of nitrates such as silver nitrate, 
sodium nitrate, potassium nitrate, etc. 

Struoture : Nitric acid is a monobasic acid, /.e., the 
molecule consists of one hydroxyl group as it is formed by the 
hydrolysis of nitryl chloride, NO2CI. It may be structurally 
represented as below: 


HO—N^ or h:o:n::o 


Gaseous nitric acid is a planar molecule. The bond lengths 
and bond angles as present in the molecule are represented in 
the figure: 



NaHCOs + HNO3-> NaNOs + HjO + CO2 

Na2S03 + 2HNO3-^ 2NaN03 + SO2 + H2O 

Properties : (I) Nitrates are generally soluble in water. 

A few nitrates hydrolyse. 

Bi(N 03)3 + 3H2O ^ Bi(OH )3 + 3HNO3 

White ppt 

(ii) Action of heat: Nitrates are decomposed on 
heating. 

(a) Alkali nitrates form nitrites and oxygen on heating. 

2 NaN 03 -^ 2NaN02 + O 2 

2KNO3-> 2KNO2 + O2 

(b) Nitrates of alkaline earth metals and heavy metals 
decompose to give mixture of nitrogen dioxide and oxygen 
along with a solid residue of metal oxide. 

2Ca(N03)2 —->i^aO + 4NO2 + O2 

2 Pb(N 03)2 -> 2 PbO + 4NO2 + O2 

2 Cu(Nt> 3)2 -> 2 CuO + 4NO2 + O2 

(c) Nitrates of metals of low chemical activity decompose 
into corresponding metals and mixture of nitrogen dioxide and 
oxygen. 

2 AgN 03 -> 2 Ag + 2NO2 + O2 

Hg(N 03)2 -^ Hg + 2NO2 + O2 

(d) Ammonium nitrate decomposes to form nitrous oxide. 

NH4NO3-> N2O + 2H2O 

(Hi) Action of cinic. H2SO4; When heated with cone. 
H2SO4, nitrates undergo double decomposition reaction forming 
free nitric acid. Some of the nitric acid get decomposed to give 
brown fumes of nitrogen dioxide. 

KNO3 + H2SO4-> KHSO4 + HNO3 

4HNO3-> 4NO2 + 2H2O + O2 

(iv) Nitrates are good oxidising agents. These are used in 
gun powder and explosives. 

Tests for Nitrates 


It is supposed to exist in two resonating forms. 




NITRATES 


The salts of nitric acid ar6..galled nitrates. Sodium and potassium 
nitrates occur in nature whlte.Qthers are prepared by the action 
of nitric acid on metals, metallicbjtijles, hydroxides, carbonates, 
bicarbonates, sulphites, etc. 


Ag + 2HNO3-> AgNOs + NO2 + H2O 

KOH + HNO3-> KNO3 + H2O 


CaCOs + 2HNO3-> Ca(N03)2 + HjO + CO2 


(a) Nitrate + cone. H2SO4 Brown fumes of NO2 

are given off. 

(b) Nitrate + cone. H2SO4 -f copper turnings-> 

quick evolution of brown fumes of NO2. 

(c) Aq. soln. of nitrate -h freshly prepared soln. of ferrous 
sulphate + cone. H2SO4 which is added carefully by the side 

of the test tube-> A brown ring is formed at the junction of 

two liquids. 

(d) Soln. of nitrate + brucine soln.- > Red colouration. 

(e) Nitrate + Zn metal + dil H2SO4 ..> Solution 

5 minutes 

The solution is treated with few drops each of KI and starch 
solutions. Violet colouration is obtained. 
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Zn + H2SO4-> ZnS04 + 2 H 

Nascent hydrogen reduces nitrate into nitrite. 

NaNOa + 2 H-> NaNOa + HjO 

2NaN02 + H2SO4 -> Na2S04 + 2 HNO 2 

HNO2 acid evolves iodine from KI which gives violet 
colouration with starch. 

DISTINCTION BETWEEN NITRITES AND NITRATES 



Test 

Nitrites 

Nitrates 

1. 

Treat the salt with 

Brown fumes which 

No action. 


dilute HCl. 

turn FeS04 solution 
black. 


2. 

Ring test. To the salt 

Dark brown colour 

A dark brown ring 


solution add FeS04 

even with dilute 

gets formed with 


and H2SO4. 

H2SO4. 

cone. H2SO4 only. 

3 . , 

To tjie . acidifi^ 

Iodine evolved, give 

No action 


solution of the salt 

blue colour with 



add KI solution. 

starch. 


4 . 

To the acidified salt 

Decolourization 

No action. 


solution add KMn04 
solution. 

occurs. 


5 . 

To the solution add 
brucine solution. 

No action. 

Red colouration. 


^9 PHOSPHORUS 

Phosphorus was discovered by Brand in 1669 . Scheele isolated 
it from bone ash and Lavoisier in 1777 proved that phosphorus 
is an element. It glows in the dark and was, therefore, called 
phosphorus (Greek word, phos = light, and phew = I carry). 

Occurrence : Since phosphorus is an active element, it is 
not found free in nature. It is widely distributed in nature in the 
combined state. It occurs as phosphates in the rocks and in the 
soil and as phosphoproteins in all living beings. Deoxyribonucleic 
acid (DNA) is a chainlike biological molecule in which 
informations about inheritable traits resides, contains phosphate 
groups along the length of its chain. Similarly, ATP (adenosine 
triphosphate), the energy containing molecule of living 
organisms, contains phosphate groups. It is an essential 
constituent of bones, teeth, blood and nervous tissues. It is 
necessary for the growth of plants. Bone ash contains about 
80 % calcium phosphate. It is present in milk, eggs and guano 
(excreta of seabirds). The principal minerals of phosphorus 
are: 

(i) Phosphorite or phosphate rock Ga3(P04)2 

(ii) Fluorapatite, 3Ca3(TO4)2‘CaF2 or Ca5(P04)3F 

(iii) Chlor^atite, ' 3Ca3(P04)2 CaCl2 or Ca5(P04)3a 

Extraction : Phosphorus is extracted either from phos¬ 
phorite or bone ash by the application of following two 
processes : 

(i) Retort process or old process. 

(ii) Electrothermal process or modem process. 


(i) Retort process or old process: 

The phosphorite mineral or bone ash is digested with 
concentrated sulphuric acid (about 60 %). Insoluble calcium 
sulphate and orthophosphoric acid are formed. 

Ca 3 (P 04)2 + 3H2SO4-> 3 CaS 04 + 2H3K)4 

The sympy liquid is separated from insoluble residue by 
filtration. The liquid is evaporated when it changes into 
metaphosphoric acid with evolution of water. 

H3PO4-> HPO3 + H2O 

Metaphosphoric 

acid 

The metaphosphoric acid is mixed with powdered coke and 
distilled in fireclay retorts at a bright red heat (Fig. 10 . 8 ). The 
acid is reduced to phosphorus by carbon .which comes in 
vapourised form. The vapours are condensed below water. 

4 HK )3 + IOC ^ P4 + loco + 2H2O __ 


Charge 



Phosphorus 

vapours 


Water 

/ 

I /Phosphorus 


Fig. 10.8 Retort process 

(ii) Eiectrothermal process or 
modern process: 

Phosphorus is prepared now a days by the direct reduction 
of mineral phosphorite, Ca3(ro4)2 by carbon in presence of 
silica. The mixture of phosphorite, (phosphate rock) with coke 
(C) and quartz sand (Si02) is dried and then introduced into 
the electric furnace (Fig. 10 . 9 ). The furnace is an iron tank 

Charge 

\ // 


Worm 

conveyor" 


Carbon 

electrode 


Calcium 
phosphate 
sand i coke 


Phosphorus 
' vapour 


Fig. 10.9 
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lined inside with refractory bricks. Carbon electrodes are fitted 
on either side of the furnace. The furnace has two exits, one 
for removal of vapours in the upper part of the furnace and 
other for removal of slag in the lower part of the furnace. The 
charge is introduced through the closed hopper arrangement. 

The mixture is heated at MOO-ISOO'^C by the discharge of an 
alternating current between carbon electrodes. Silica combines 
with calcium phosphate and forms phosphorus pentoxide which 
is reduced by carbon into phosphorus. The overall reaction is, 

[Ca3(P04)2 + 3Si02 ^ 3CaSi03 + P2O5] x 2 
2P2O5 + IOC-> P4 + lOCO 

2 Ca 3 (P 04)2 + 6 Si 02 + IOC —^ 6 CaSi 03 + lOCO + P4 

Vapours of phosphorus and carbon monoxide leave the 
furnace through the upper exit and are condensed under water. 
The other product, calcium silicate glass (called slag) is tapped 
out periodically by an exit from the bottom of the furnace. 

Purification : Phosphorus obtained is further purified 
by melting under acidified potassium dichromate solution when 
the impurities are oxidised. It is redistilled. 

^ Ailotropic modifications of phosphorus 

Phosphorus exists in a number of ailotropic forms. These 
forms are: 

(i) Yellow or white phosphorus (ii) Red phosphorus 
(iii) Scarlet phosphorus (iv) a-black phosphorus 

(v) p-black phosphorus (vi) Violet phosphorus 

The main ailotropic forms, however, are white phosphorus 
and red phosphorus. 

White or yellow phosphorus: 

This is the common variety and is obtained by the methods 
described above. This form is chemically very active. 

Properties : (i) White phosphorus is a molecular, 
transparent waxy solid, (sp. gr. 1 . 8 ) with the formula P4. 

(ii) The pure form is white but attains yellow colour on long 
standing due to the formation of a thin film of the red variety 
on the surface. 

(iii) It is a soft metal and can be cut easily with knife. 

(iv) It has characteristic garlic smell and is poisonous in 
nature. 0.15 g is the fatal dose. Vapours are also injurious. 
Persons working with phosphorus develop a dise^e in which 
the jaw bones decay. This disease is known as phossy jaw. 

(v) It is insoluble in water but readily soluble in carbon 
disulphide. 

(vi) It melts at 44 ®C into a yellow liquid. It boils at 280 '^C. 

(vii) In contact with air, it undergoes slow combustion and 
glows in dark. This property is called phosphorescence. 

(viii) Its ignition temperature is low (about 30 ^C). It readily 
catches fire giving dense fumes of phosphorus pentoxide. It is, 
therefore, kept in water. 

P4 + 5O2-> P4O10 or 2P2O5 


(ix) It dissolves in caustic alkalies on boiling in an inert 
atmosphere and forms phosphine. 

P4 + 3 NaOH + 3H2O-> 3NaH2P02 + PH3T 

Caustic Sodium hypo- Phosphine 

soda phosphite 

(x) It is very poisonous and very reactive. If white 
phosphorus is left exposed to air, it bursts spontaneously into 
flame. Because of its reactivity with oxygen, white phosphorus 
is stored under water, in which it is insoluble. 

(xi) It directly combines with halogens forming first, 
trihalides and then pentahalides. 

P4 + 6CI2-> 4PCI3 ; P4 + IOCI2 -> 4PCI5 

(xii) It combines with a number of metals forming phos¬ 
phides. 

6Mg + P4- > IMg^Pz (Magnesium phosphide) 

6Ca + P4-> 2Ca3P2 (Calcium phosphide) 

(xiii) It combines with sulphur with explosive violence 
forming a number of sulphides such as P2S3, P2S5, P4S3 and 
P4S7. 

(xiv) It acts as a strong reducing agent. It reduces nitric 
acid and sulphuric acid. 

[2HNO3-> H2O + 2NO2 + O] X 10 

P4 + 10 O + 6H2O-> 4H3PO4 


P4 + 2OHNO3 
[H2SO4 
P4 + 10 O + 6H2O 


^ 4H3PO4 + 2ONO2 + 4H2O 
4 H2O + SO2 + O] X 10 
4 4H3PO4 


P4 + IOH2SO4 -—> 4H3PO4 + IOSO2 + 4H2O 


It reduces solutions of copper, silver and gold salts to 
corresponding metals. 

P4 + IOCUSO4 + I6H2O-^ lOCu + 4H3PO4 + IOH2SO4 

When the solution is heated, cuprous phosphide is formed. 

3P4 + I2CUSO4 + 24 H 20 -^ 4CU3P+ 8H3PO3 + I2H2SO4 
P4 + 20AgNO3 + I6H2O-> 20 Ag + 4H3PO4 + 2OHNO3 

(xv) When heated in inert atmosphere at 240 ^C, it changes 
into red variety. 


Yellow P 


240-250'‘C „ , ^ 

-> Red P 

Inert atm. 


Structure: The vapour density of white phosphorus 
between 500 - 700 '^C, is 62 which corresponds to the molecular 
formula P4. The four phosphorus atoms lie at the comers of 
a regular tetrahedron. Each phosphorus atom is linked to each 
of the other three atoms by covalent bonds. The P—P bond 
length is equal to 2.21 A. The bond angle is equal to 60 "^ which 
suggests that the molecule is under strain and hence active in 
nature. 
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Fig. 10.10 


Red phosphorus 

Preparation ; Red phosphorus is obtained by heating 
yellow phosphorus, between 240 “ 250 °C, in presence of an 
inert gas for several hours. The heating is done in an egg 
shaped iron vessel provided with a upright tube closed by 
safety valve. The thermometers placed in iron tubes help to 
regulate the temperature. 

Yellow phosphorus is taken in egg shaped vessel and air 
inside is replaced by coal gas or carbon dioxide. A trace of 
iodine is added which helps in the transformation. The vessel 
is carefully heated to 250 °C. The temperature is not allowed 
to rise above 250 °C otherwise the reaction goes out of control. 
In case the pressure inside the vessel becomes too high the 
safety valve is lifted to allow the escape of some vapours. The 
heating is done for several days. Red phosphorus obtained is 
powdered. It possesses yellow phosphorus as impurity. This 
is removed by boiling with caustic soda solution. Red phos¬ 
phorus is not affected by caustic soda and remains undissolved. 
This is thoroughly washed with water and finally dried. Red 
phosphorus is much less reactive than white phosphorus and 
can be stored in the presence of air. 


Safety valve 
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Properties : (a) It is dark red powder with specific gravity 

2 . 1 . 

(b) It is odourless and non-poisonous in nature. 

(c) It is insoluble in water as well as in carbon disulphide. 

(d) It does not show phosphorescence. 

(e) It sublimes in absence of air at 290 °C. 

(f) Its ignition temperature is high, Le., 260 °C. 

(g) Chemically, it is not active in nature. It bums when 
heated above 260 °C to form phosphorus pentoxide. 

(h) It does not react with caustic alkalies. 

(i) It combines with halogens, sulphur and metals when 
heated. 

2 P + 5 Cl 2 2PCI5 

2 P + 3 S P2S3 

P + 3 Na NaaP 

(j) It changes to white phosphorus when it is vaporised 
and the vapours are condensed. 

Structure of red phosphorus : The exact structure of 
red phosphorus is not yet known. It is regarded as a polymer 
consisting of chains of P4 tetrahedral linked together possibly 
in the manner as shown in Fig. 10 . 12 . 



Fig, 10,12 Proposed molecular structure of red phosphorus 

COMPARISON BETWEEN WHITE AND RED PHOSPHORUS 


Property 

White phosphorus 

Red phosphorus 

1 . Physical state 

Soft waxy solid. 

Brittle powder. 

2 . Colour 

White when pure. 
Attains yellow colour 
on standing. 

Red. 

3 . Odour 

Garlic 

Odourless. 

4 . Specific gravity 

1.8 

2.1 

5 . Melting point 

44 °C 

Sublimes in absence of 
air at 290 °C. 

6. Ignition temperature 

Low, 30 °C 

High, 26 (fC. 

7 . Solubility in water 

Insoluble. 

Insoluble. 

8. Solubility in CS2 

Soluble. 

Insoluble. 

9 . Physiological action 

Poisonous. 

Non-poisonous. 

10 . Chemical activity 

Very active. 

Less active. 

11. Stability 

Unstable. 

Stable. 

12 . Phosphorescence 

Glows in dark. 

Does not glow in dark. 

13 . Burning in air 

Forms P4O10. 

Forms P4O10. 

14 . Reaction with NaOH 

Evolves phosphine! 

No action. 

15 . Action of CI2 

Combines spontane¬ 
ously to form PCI 3 
and PCI 5. 

Reacts on heating to 
form PCI3 and PCI5. 

16 . Reaction with hot 
HNO3 

Forms H3PO4. 

Forms H3PO4. 

17 . Molecular formula 

P4 

Complex polymer. 
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Use$ of phi^phprus : (i) Red phosphorus is largely used 
in the match industry* It is relatively nontoxic and is used in the 
striking surface of safety matches* Red phosphorus or scarlet 
phosphorus is preferred to yellow variety. 

(ii) Yellow phosphorus is used as a rat poison. 

(iii) Red phosphorus is used for the preparation of HBr and 
HI. 

(iv) Radioactive phosphorus (P^^) is used in the treatment 
of leukemia and other blood disorders. 

(v) It is used for making incendiary bombs and smoke 
screens. 

(vi) It is used in the manufacture of phosphor bronze, an 
alloy of phosphorus, copper and tin. 

(vii) It is used in the manufacture of compounds like 
hypophosphites (medicine), phosphorus chlorides employed in 
industry, calcium phosphide used in making Holme’s signals 
and orthophosphoric acid. 

10^ COMPOUNDS OF PHOSPHORUS 
» 1. Phosphine, PH 3 

It is analogous to ammonia. It was discovered by Gen- 
gembre in 1783 . It is also known as hydrogen phosphide or 
phosphoretted hydrogen. ^ 

Laboratory preparation : It is prepared by boiling yellow 
phosphorus with a concentrated solution of sodium hydroxide 
in an inert atmosphere. 

P4 + 3 NaOH + 3H2O-> 3NaH2P02 + PH3 

Sodium hypophosphite 

Besides PH3, small amounts of hydrogen (H2) and phos¬ 
phorus di hydride (P2H4) are also formed. 

' P4 + 4 NaOH + 4H2O ^ 4NaH2P02 + 2H2 
3P4 + 8 NaOH + 8H2O-> 8NaH2P02 + 2P2H4 

A concentrated solution of sodium hydroxide is taken in a 
round bottom flask. Few pieces of yellow phosphorus are 


Oil gas 



dropped into it. Coal gas, oil gas or carbon dioxide is then 
bubbled through the flask to displace the air from the apparatus. 
The flask is then heated. PH3 is evolved. It is driven out along 
with a current of inert gas. As soon as the bubbles of the gas 
come in contact with air, they catch fire spontaneously forming 
rings of smoke known as vortex rings. This combustion is due 
to the presence of highly inflammable phosphorus dihydride 
(P2H4). 

2P2H4 + 7O2-> 4HPO3 + 2H2O 

Metaphosphoric 

acid 

P2H4 can be removed from phosphine by the following 
methods: 

(i) By passing the evolved gas through a freezing mixture 
which condenses P2H4, 

(ii) By passing the gas through HI. PH3 is absorbed forming 
phosphoniiim igdide^ ,This on treatment witli, caustic potash- 
gives pure phosphine. 

PH4I + KOH-> KI + H2O + PH3 

Note: Pure phosphine can be obtained by using alcoholic potassium 
hydroxide in place of aqueous NaOH solution. Phosphine can also 
be prepared by the application of following reactions: 

(i) By heating phosphorus acid. 

4H3PO3-^ 3H3PO4 + PH3 

(ii) By treating phosphonium iodide with 30 % KOH solution. 

PH4I + KOH —^ KI + H2O + PH3 

The evolved gas is first paSvSed through HCl (decomposes P2H4) 
and then through NaOH (HI absorbed). This gives pure PH3. 

(iii) By treating aluminium phosphide with dilute H2SO4. 

2 A 1 P + 3H2SO4-> Al 2 (S 04)3 + 2PH3 

(iv) By doing hydrolysis of calcium phosphide with water or dil. 

HCl* 

Ca3P2 + 6H2O-^ 3Ca(OH)2 + 2PH3 

Physical properties: 

(a) It is a colourless gas having unpleasant garlic-like odour 
or rotten fish odour. 

(b) It is heavier than air and sparingly soluble in water. 

(c) It liquefies at - 89 ''C and solidifies at - 134 °C. 

(d) It is poisonous in nature. 

Chemicai properties: 

(a) Decompositioii: When heated out of contact of air to 
440 ^C or when electric sparks are passed through, phosphine 
decomposes into red phosphorus and hydrogen. 

4PH3-> P4 + 6H2 

(b) Combustibility ; A pure sample of phosphine is not 
spontaneously inflammable. It bums in air or oxygen when 
heated at 150 ^C. 

2PH3 + 4O2-> P2O5 + 3H2O 

The spontaneous inflammability of phosphine at the time of 
preparation is due to the presence of highly inflammable 
phosphorus dihydride, P2H4. This property is used in making 
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Holme’s signal. A mixture of calcium carbide and calcium 
phosphide is placed in metallic containers. Two holes are made 
and the container is thrown into the sea. Water enters and 
produces acetylene and phosphine respectively. ■'The gaseous 
mixture catches fire spontaneously due to the presence of 
P2H4. The acetylene produces a bright luminous flame which 
serves as a signal to the approaching ship. 

(c) Action of cMorine : Phosphine bums in the atmos¬ 
phere of chlorine and forms phosphoms pentachloride. 

PH3 + 4CI2 ^ PCI5 + 3 HC 1 

(d) Basic nature: Phosphine is neutral to litmus. 
However, it is a weak base, even weaker than ammonia. It 
reacts with HCl, HBr or HI to form phosphonium compounds. 

PH3 + HCl-> PH4CI (Phosphonium chloride) 

PH3 + HBr-> PH4Br (Phosphonium bromide) 

PH3 + HI > PH4I (Phosphonium iodide) 

(e) Action of nitric acid : In contact with nitric acid 
phosphine begins to bum. 

[2HNO3-> H2O + 2NO2 + O] X 8 

2PH3 + 80-> P2O5 + 3H2O 

2PH3 + I6HNO3-> P2O5 + I6NO2 + IIH2O 

(f) Addition compounds : It forms addition compounds 
with anhydrous AICI3 and SnCl4. 

AICI3 + 2PH3-> A1C13-2PH3 

SnCl4 + 2PH3-> SnCl4-2PH3 
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When PH3 is passed through cuprous chloride solution in 
HCl, it forms an addition compound. 

CU2CI2 + 2PH3-> 2CuC1-PH3 

(g) Formation of phosphides : (1) When phosphine is 
passed through copper sulphate solution, a black precipitate of 
cupric phosphide is formed. 

3CUSO4 + 2PH3-> CU3P2 + 3H2SO4 

(ii) A black precipitate of silver phosphide is formed when 
phosphine is circulated through silver nitrate solution. 

3AgN03 + PH3-> Ag3P + 3HNO3 

(iii) When absorbed in mercuric chloride solution, mercuric 
phosphide is formed. 

3HgCl2 + 2PH3-» Hg3P2 + 6 HC 1 

(h) The mixture of PH3 and N2O or PH3 and NO explodes 
in presence of electric spark. 

PH3 + 4N2O—H3PO4 + 4N2 — 

Structure of phosphine: Phosphine is* a covalent 
molecule. It has pyramidal structure like ammonia. 



H H H 


The bond angle H—P—H is 93 °. 

Uses: (i) For making Holme’s signals. 

(ii) For making smoke screens. 

(iii) For making metallic phosphides. 


COMPARISON OF PHOSPHINE AND AMMONIA 


Property 

Ammonia 

Phosphine 

1 . Physical state 

Colourless gas. 

Colourless gas. 

2. Odour 

Characteristic pungent smell. 

Unpleasant odour of rotten fish. 

3 . Molecular formula 

NHj 

PH3 

4 . Solubility 

Highly soluble in water. 

Sparingly soluble in water. 

5 , Density 

Lighter than air. 

Heavier than air. 

6 . Physiological action 

Non-poisonous. 

Poisonous. 

7 . Stability 

Decomposes at 13 (K)°C. 

Decomposes at 440 °C. 

8, Combustibility 

It bums in oxygen. 

4NH3 + 5O2-> 4 NO + 6H2O 

It bums with white bright flame. 

2PH3 + 4O2-> P2O5 + 3H2O 

9 . Basic character 

Basic in nature. Forms ammonium salts with acids. 

NH3 + HCl-> NH4Cr 

Weakly basic. Forms phosphonium salts with HCl, HBr and 
HI. 

PH3 + HCl-> PH4CI 

10 . Stability, of salts 

Fairly stable. 

Less stable. 

11 . Action of chlorine 

Forms N2, NCI3 and NH4CI. 

Forms PCI3 and PCI5. 

12. Action of AgN03 

Forms soluble complex, Ag(NH3)2N03, 

Forms black precipitate Ag3p. 

13 . Action of CUSO4 

Forms soluble complex of blue colour, Cu(NH3)4S04. 

Forms black precipitate of copper phosphide, CU3P2. 

14 . Hydrogen bonding 

Present. 

Absent, 

15 . Solvent property 

Ammonia is a gcK)d solvent for many substances. 

It does not act as a solvent. 

16 , Action of hot scxiium 

Forms sodamide. 

2 Na 4- 2NH3-^ 2NaNH2 -f H2 

Forms phosphide. 

6Na + 2PH3-> 2Na3P + 3H2 

17 . Structure 

Pyramidal. 

Bond angle := 107 ° 

Pyramidal. 

Bond angle H—P—H = 93 ° 
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B 2 . Oxides of Phosphorus 

Phosphorus forms three important oxides. These exist in 
dimeric forms. 

(i) Phosphorus trioxide, P2O3 or P4O6 

(ii) Phosphorus tetroxide, P2O4 or P4O8 

(iii) Phosphorus pentoxide, P2O5 or P4O10 

(i) Phosphorus trioxide, P 4 O 6 

It is formed by burning phosphorus in limited supply of air. 

P4 + 3O2-> P4O6 

The pentoxide, formed in small amount, is removed by 
passing through glass wool The vapours of trioxide pass 
through the glass wool and are condensed in a receiver cooled 
by a freezing mixture. 

Vapours of phosphorus at low pressure react with N2O at 
6(X)®C to form P2O3,. . . . -- 

P4 + 6N2O -^ 52 !£^ 2P2O3 + 6N2 

Properties : (a) It is a waxy solid having garlic odour. 

(b) It is poisonous in nature. 

(c) It is soluble in benzene or chloroform. 

(d) When heated above 210 ^C, it forms red phosphorus 
and another oxide, P4O8, 

4P4O5- > 3P4O8 + 4 P 

Phosphorus Red 
tetroxide 

When heated at about 440 '^C, it dissociates to phosphorus 
dioxide. 

2P2O3-> 3PO2 + P 

(e) In contact with air, it is oxidised to phosphorus pentoxide. 

P4O6 + 2O2 —^ P4O10 

(f) It bums in chlorine forming oxy-chlorides. 

P4O6 + 4CI2-> 2POCI3 + 2PO2CI 

Phosphorus Metaphosphorus . 
oxy-chloride oxychloride 

(g) In cold water, it dissolves slowly forming phosphorus 
acid. 

P4O6 + 6H20(cold)-> 4H3PO3 

With hot water, a violent leaction occurs forming 
orthophosphoric acid and phosphine. 

P4O6 + 6H20(hot)-> 3H3PO4 + PH3 

The above reaction is actually the conversion of phosphorus 
acid into orthophosphoric acid and phosphine, 

4H3PO3-> 3H3PO4 + PH3 

This oxide is known as acid anhydride of phosphorus 
acid. 

Structure of phosphorus trioxide : Its vapour density 
corresponds to the formula P4O5. In the molecule, the 
phosphorus atoms lie at tetrahedral positions with respect to 
each other and the 6 oxygen atoms are inserted in between 
. them (Fig, 10 . 14 ). Each phosphorus atom is covalently bonded 


to three oxygen atoms and each oxygen atom is bonded to two 
phosphorus atoms. The bond length P—O is 1.638 A. 



:o-^—o* 

«• •• «• 


Fig. 10.14 

It has 6 P—O—P bonds, 12 sigma bonds and 16 lone pairs 
of electrons (one lone pair on each P atom and two lone pairs 
of electrons on each oxygen atom). 

(il) Phosphorus pentoxide, P 4 O 10 

It is prepared by heating phosphorus in a free supply of air 
or oxygen. 

P4 + 5O2-> P4O10 

It is further purified by sublimation. 

Phosphorus bums in CO2 at 100 °C to form P2O5. 

2 P + 5CO2-> P2O5 + SCO 

Properties : (a) It is a white crystalline compound. 

(b) It is odourless when pure. The usual garlic odour is due 
to presence of small amount of P4O6 as impurity. 

(c) It is a white solid that sublimes at 360 °C. 

(d) It has great affinity for water. The final product is 
orthophosphoric acid. It is, therefore, termed phosphoric 
anhydride. 

P40,o . 4HPO3 . 2H4P2O7 --I 

Metaphosphoric Pyrophosphoric 2H2O 

acid acid n ^ 

4H3PO4 

Orthophosphoric 

acid 

i.e., P4O10 + 6H2O—^ 4H3PO4 

It is, thus, used as a powerful dehydrating or drying agent. 
It removes water from inorganic and organic compounds like 
H2SO4, HNO3, /eCOOH, /?C0NH2, etc. 

2H2SO4 + P4O10-> 2SO3 + 4HPO3 

4HNO3 + P4O10-^ 2N2O5 + 4HPO3 

4CH3COOH + P4O10->2(CH3C0)20+4HP03 

2CH3CONH2 + P40,o-> 2CH3CN + 4HPO3 

It also chars wood, paper, sugar, etc. 

(e) When heated strongly with carbon, it forms red phos¬ 
phorus. 

P4O10 + IOC-> loco + 4 P 

phosphorus 
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(f) When fused with basic oxides, it forms phosphates. 

6CaO + P4O10-> 2Ca3(P04)2 

(g) 30 % H2O2 react on P2O5 in acetonitrile solution at low 
temperature to form peroxy monophosphoric acid. 

P2O5 + 2H2O2 + H2O-^ 2H3PO5 

(h) Mixture of P2O5 and O2 in vapour state combine in 
presence of electric discharge to form P2O6 called phosphorus 
peroxide. 

P 2 O 5 + |02-> P 2 O 6 

Uses : (i) It is the most effective drying or dehydrating 
agent below 1 (K)°C. 

(ii) It is used to manufacture phosphoric acid, an oxoacid. 

Structure of phosphorus pentoxide : Its vapour den¬ 
sity corresponds to formula P4O10. The /structure is similar 

:o: 


t 



Fig. 10.15 

to P4O6 (Fig. 10 . 14 ) with a difference that each phosphorus 
atom is linked with an additional oxygen atom with the help of 
a coordinate linkage involving a lone pair of electrons present 
on each phosphorus atom (Fig. 10 . 15 ), 

It has 16 sigma bonds, 4 % bonds and 24 lone pairs of 
electrons on oxygen atoms. 

^ 3. Oxyacids of Phosphorus 


Phosphorus forms a number of oxyacids. Common oxy¬ 
acids are given below: 


Name of oxyadd 

Formula 

Basicity 

Oxidation 
state of P 

Hypophosphorus add 

H3PO2 

1 

+ 1 

Phosphorus acid 

H3PO3 

2 

+3 

Orthophosphoric acid 

H3PO4 

3 

+5 

Metaphosphoric acid 

1 HPO3 

1 

+5 

Hypophosphoric acid 

H4P2O6 

4 

44 

Pyrophosphoric acid 

H4P2O7 

4 

+5 


All these acids contain phosphorus atom/atoms linked 
tetrahedrally to four other atoms or groups. Each of them has 
at least one P-^O unit and one P—OH group. The OH group 
is ionisable but H atom linked directly to P is non-ionisable. 
Thus, the number of OH groups present decides the basicity 
of the acid. 

(i) Hypophosphorus acid, H 3 PO 2 

Preparation : When yellow phosphorus is boiled with 
baryta solution, barium hypophosphite is formed which is filtered 
off. 

TTie barium salt is treated with calculated quantity of sulphuric 
acid. The insoluble barium sulphate is filtered out and 
hypophosphorus acid is obtained in the filtrate. The filtrate 
when evaporated leaves the syrupy mass which can be 
crystallised by careful cooling below 0 °C. 

3Ba(OH)2 + 8P + 6H2O —^ 3Ba(H2P02)2““2PH3 — 

Bariuni hypophosphite 

Ba(H2P02)2 + H2SO4-^ BaS04, + 2H3PO2 

Insoluble , Filtrate 

Properties : (a) It is a colourless crystalline solid. It melts 
at 26 . 3 ®C. It is soluble in water. 

(b) It is a monobasic acid. It ionises as : 

H3PO2 H"" + H2POi ; = 10 “^ M 

Its salts are known as hypophosphites. 

(c) When strongly heated, it evolves phosphine. 

2H3PO2-> H3PO4 + PH3 

(d) It acts as a reducing agent. 

(i) It precipitates silver and gold from their solutions. 

H3PO2 + 2H2O —> H3PO4 + 4 H 
[AgNOs + H -> Ag + HNO3] X 4 

4AgN03 + H3PO2 + 2H2O-> 4 Ag + H3PO4 + 4HNO3 

(ii) Mercuric chloride is reduced to mercurous chloride and 
finally to metallic mercury. 

H3PO2 + 2H2O-> H3PO4 + 4 H 

2 HgCl 2 + 2 H-> Hg2Cl2 + 2 HC 1 

Hg2Cl2 + 2 H ^ 2 Hg + 2 HC 1 

2 HgCl 2 + H3PO2 + 2H2O-> 2 Hg + H3PO4 + 4 HC 1 

(iii) Copper sulphate is reduced to cuprous hydride. 

4 CuS 04 + 3H2PO2 + 6H2O-> 2CU2H2 + 3H3PO4 + 4H2SO4 

(iv) Chlorine or iodine is reduced to hydracid. 

H3PO2 + 2H2O ^ H3PO4 + 4 H 
4 H + 2 C 12 -> 4 HC 1 

H 3 ro 2 + 2H2O + 2CI2-> H3PO4 + 4 HC 1 

Uses : Some of its salts such as sodium, potassium and 
calcium hypophosphites are used in medicine as nerve tonics. 
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Structure : H3PO2 is a monobasic acid, i.e., it has only 
one ionisable hydrogen atom or one OH group is present. It is 
given the following structure: 

O 

t 

H—P—OH 
H 

'1 

Phosphorus lies in sp hybrid state. 

(ii) Phosphorus acid, H3PO3 

Preparation : (i) it is obtained by dissolving phosphorus 
trioxide in water. 

P4O6 + 6H2O-> 4H3PO3 

(ii) It is also obtained by hydrolysis of phosphorus 
trichloride. 

PCI3 + 3H2O —4 H3PO3 + 3 HC 1 
Chlorine is passed over molten white phosphorus under 
water when phosphorus trichloride formed undergoes hydro¬ 
lysis. 

2 P + 3CI2-> 2PCI3 

The solution is heated until the temperature becomes 180 ^C. 
On cooling crystals of phosphorus acid are obtained. 

Properties : (a) It is colourless crystalline compound. It 
melts at 73 ®C. It is highly soluble in water. 

(b) When heated^ it forms orthophosphoric acid and 
phosphine. 

200 °C 

4H3PO3-> 3H3PO4 + PH3 

(c) It is a strong ^id. It is dibasic in nature. 

H3PO3 ^ H+ + HaPOi ^ 2 H'" + HPOi 
Ki = 10”' • K 2 = 2 X 10"'^ 

It thus forms two series of salts such as NaH2P03 and 
Na2HP03 known as primary phosphites and secondary 
phosphites respectively. 

(d) It acts as a strong reducing agent. The potential equation 
is: 

H3PO3 + H2O —> H3PO4 + 2 H 
It reduces CUSO4 to Cu, AgN03 to Ag, HgCl2 to Hg2Cl2, 
I2 to HI and acidified KMn04 solution. 

CUSO4 + 2 H-> Cu + H2SO4 

AgN03 + H^ Ag + HNO3 

2 HgCl 2 + 2 H-> Hg2Cl2 + 2 HC 1 

I2 + 2 H-> 2 HI 

2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 + 3H2O + 50 

[H3PO3 + O -:> H3PO4] X 5 

2KMn04 + 3H2SO4 + 5H3PO3-> 

K2SO4 + 2 MnS 04 + 5H3PO4 + 3H2O 


Structure: It is dibasic acid, i.e., two hydrogen atoms 
are ionisable or two hydroxyl groups are present. Thus, the 
structure is : 

O 

t 

H—P—OH 

I 

OH 

The phosphorus lies in sp hybrid state. 

(ill) Orthophosphoric acid, H3PO4 

This acid is commonly called as phosphoric acid. 

Preparation : (i) It is formed when phosphorus pentoxide 
is boiled with hot water. 

P4O10 + 6H2O-^ 4H3PO4 

(ii) Orthophosphoric .„ ,add is ^ also fpnned when PCI5_^ 

(phosphorus pentachloride) is boiled with water. 

PCI5 + 4H2O-> H3PO4 + 5 HC 1 

(iii) Laboratory preparation : The best method for its 
preparation in the laboratory is to heat red phosphorus with 
concentrated nitric acid in a flask with a reflux condenser. 

P + 5HNO3-> H3PO4 + H2O + 5NQ2 

The reaction is usually carried out in presence of a crystal 
of iodine. The iodine acts as a catalyst. 

P + 31 -> PI3 

PI3 + 3H2O-^ H3PO3 + 3 HI 

3 HI + 3 HJSf 03 -> 3H2O + 3NO2 + 31 

H3PO3 + 2HNO3-> H3PO4 + H2O + 2NO2 

P + 5HNO3 —^ H3PO4 + 5NO2 + H2O 

The solution is concentrated till it becomes syrupy at about 
ITO^'C. It is cooled over cone. H2SO4 in vacuum desiccator 
when crystals of orthophosphoric acid are formed. 

Manufeoture : It is prepared on large scale from bone ash 
or phosphorite mineral. 

(a) By decomposing calcium phosphate present in bone ash 
or phosphorite mineral with cone. H2SO4. 

Ca3(P04)2 + 3H2SO4 —^ 3CaS04 + 2H3PO4 

On standing calcium sulphate settles down and the clear 
supernatant liquid separates out. The liquid is concentrated 
when about 85 % concentrated orthophosphoric acid is obtained. 

(b) The bone ash is dissolved in minimum amount of nitric 
acid and lead acetate is added as to precipitate lead phosphate. 

The lead salt is then decomposed by passing H2S. 

Pb3(P04)2 + 3H2S-> 3 PbS + 2H3PO4 

Insoluble Solution 

(c) Bone ash or calcium phosphate is converted into 
phosphorus pentoxide when heated with silica in electric 
furnace. 
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2Ca3(P04)2 + 6Si02-> 6CaSi03 + P4O10 

P4O10 is then dissolved in hot water. 

P4OJ0 + 6H2O 4H3PO4 

Properties : (a) It is a transparent deliquescent cryst¬ 

alline solid. It melts at 42 . 3 °C. It absorbs water and forms 
colourless syrupy mass. It is highly soluble in water. 

It is usually sold as an aqueous solution, 

(b) Heating effect: When heated at 250 ®C, it is converted 
into pyrophosphoric acid. 

2H3PO4 > H4P2O7 + H20 

On further heating, it is converted into raetaphosphoric 
acid. 

H3PO4 HPO3 + H20 

or H4P2O7 > 2HPO3 + H2O 

When strongly heated at red heat, it forms P4O10. 

4H3PO4-—> P4O10 + 6H2O 

(c) Acidic nature: It is a tribasic acid, i.e., all the three 
hydrogen atoms are ionisable. It forms three series of salts. 

H3PO4 ^ H"" + H2PO4 ^ 2 H+ + HPOl” 3 H+ + POl" 

NaH2P04 Nn2HP04 Na 3 P 04 

(Primary, salt)' (Secondary salt) (Normal or 

tertiary salt) 

Possible sodium salts are sodium dihydrogen phosphate 
(NaH2P04), disodium hydrogen phosphate (Na2HP04), and 
trisodium phosphate {Na3P04). 

Primary salt on heating forms a salt of metaphosphoric 
acid. 

NaH2P04 ) NaPOa + H2O 

Sodium dihydrogen Sodium meta¬ 
phosphate phosphate 

Secondary salt on heating forms a salt of pyrophosphoric 
acid. 

2Na2HP04 Na4P207 + H2O 

Disod, hydrogen Sodium pyrophos- 

phosphate phate 

Normal salt is not affected by heating. 

In case, ammonium ion is present in the salt it behaves as 
hydrogen. 

2MgNH4P04 ..> Mg2P207 + 2NH3 + H2O 

NaNH4HP04 - -4 NaPOa + NH3 + H2O 

(d) Reaction with AgN03 : A yellow precipitate of silver 
phosphate is formed. 

SAgNOa + H3PO4-> Ag3P04 + 3HNO3 

Yellow ppt, 

(e) Reaction with BaCl2 : A white precipitate of barium 
phosphate is formed in neutral or alkaline solution. 

3 BaCl 2 + 2 H 3 re )4 -> Ba 3 (P 04)2 + 6 HC 1 

White ppt. 


(f ) Reaction with bromides and iodides : Hydrobromic 
and hydroiodic acids are liberated from bromides and icKlides 
respectively. This is the laboratory preparation of HBr and 
HI. 

3 NaBr + H3PO4-^ Na3P04 + 3 HBr 

3 NaI + H3PO4-> Na3P04 4 - 3 HI 

(g) Reaction with magnesium salt ; Magnesium salts 
combine with orthophosphoric acid in presence of ammonium 
chloride and ammonium hydroxide to form a white precipitate 
of magnesium ammonium phosphate. 

MgS04 + NH4CI + H2PO4 -> Mg(NH4)P04 + H2SO4 + HCl 

24 ' 

This reaction is used to test Mg ion. 

(h) On heating orthophosphoric acid in presence of nitric 
acid with ammonium molybdate, a canary yellow precipitate of 
ammonium phosphomolybdate is formed. 

H3PO4 + 2IHNO3 + 12(NH4)2Mo04 ” 

(NH4)3P04l2Mo03 + 2INH4NO3 + I2H2O 

Ammonium phospho¬ 
molybdate 

3 _ 

This reaction is used to test PO4 ion. 

(i) Orthophosphoric acid, H3K)4 undergoes condensation 
reaction to form other phosphoric acids. For example, two 
orthophosphoric acid molecules condense to form diphosphoric 
acid or pyrophosphoric acid. 

O 

O—H + H—O—P^O—H ) 

L-J I 

o 

I 

H 

O O 

H—O—P—O—P—O—H 

I I 

o o 

H H 

Two series of these phosphoric acids exist (all having in the 
+5 oxidation state). One series consist of the linear poly- 
phosphoric acids, which are acids with the general formula 
Hn 4- iPnOsn 4- 1 formed from linear chains of P —0 bonds. 


H—O— P—O— P—O—H 

I ■ I 

o o 

H H 

Diphosphoric acid 


o 

II 

H—O—P— 
I 

O 

I 

H 
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O O O 

II II II 

H—O—P—O—P—O—P—O—H 

I I I 

o o o 

III 

H H H 

Triphosphoric acid 

The other ^es consists of the metaphosphoric acids, which 
are acids with the general formula (HP03)„. When a linear 
polyphosphoric acid chain is very long, the formula becomes 
(HP03)„, with n very large, and the acid is called polymetaphos- 
phoric acid. 

Sodium diphosphate, Na5P3O]0, one of the most commonly 
used polyphosphate, is manufactured by adding sufficient 
sodium carbonate to orthophosphoric acid to give a solution of 
the salts NaH2K)2 and Na2HP04, When this solution is sprayed 
into a hot kiln, the orthophosphate ions condense to give sodium 
triphosphate. 

Uses : Orthophosphoric acid is used: 

(a) for making metaphosphoric and polyphosphoric acids. 

(b) for preparation of HBr and HI in the laboratory. 

(c) as a stabilizer for H2O2. 

(d) for soft drinks. 

(e) for manufacture of phosphate fertilizers. 

(f) Orthophosphoric acid as polyphosphates and metaphos- 
phates are used in detergents, where they act as water softeners 
by complexing with metal ions in the water. 

Structure : Orthophosphoric acid is a tribasic acid, Le,, 
3 hydroxyl groups are present. The structure of the acid is 
thus represent^ as: 

O 

t 

HC^P—OH 

OH 

Phosphorus atom lies in sp^ hybrid state. 

(iv) Pyrophosphoric acid, H 4 P 2 O 7 

Preparation : It is prepared by heating orthophosphoric 
acid at 250 ~- 260 "C. 

2 H 3 ro 4 —> H4P2O7 + H2O 

A pure sample of the acid is formed by heating an 
equimolecular mixture of orthophosphoric acid and phosphorus 
oxychloride. 

5H3PO4 + POCI3-> 3H4P2O7 + 3 HC 1 

On cooling at - 10 ®C, crystals of the acid are obtained. 
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Properties : It is a white crystalline solid, soluble in water. 
In aqueous solution, it is converted into orthophosphoric acid. 

H4P2O7 + H2O —^ 2H3PO4 
On strong heating, it is converted into metaphosphoric acid. 

Red heat 

H4P2O7-^ 2HPO3 + H2O 

It is a tetrabasic acid and forms two series of salts. 

H4P2O7 + 2 NaOH-> Na2H2P207 + 2H2O 

H4P2O7 + 4NaOH^-> Na4P207 + 4H2O 

It gives a white precipitate with AgN03. 

4AgN03 + H4P2O7-> Ag4P207 + 4HNO3 

Structure : It is a tetrabasic acid, i.e., 4 hydroxyl groups 
are present. The structure follows directly from the fact that 
the acid can be prepared by removing one water molecule 
from two molecules of orthophosphoric acid.”” 

O O O O 

HO—P—OH + HO—P—OH ) HO—P—O—P—OH 

I I II 

OH OH OH OH 

3 

Each phosphorus atom lies m tetrahedral environment. {$p 
hybrid state.) 



(v) Metaphosphoric acid, HPO 3 

Preparation : It is prepared by heating orthophosphoric 
acid or pyrophosphoric acid or diammonium hydrogen 
orthophosphate. 

H3PO4 -^ 52 !£, HPO3 + H2O; 

H4P2O7 2HPO3 + H2O 

(NH4)2HP04-> HPO3 + 2NH3 + H2O 

It is also prepared by dissolving P2O5 with small amount of 
water at (fC. 

P2O5 + H2O-> 2HK)3 

Prof^rties: It is a transparent gl^assy solid. The acid is, 
therefore, known as glacial phosphoric acid. It dissolves in 
water with cracking sound. On boiling the aqueous solution, 
it is converted into orthophosphoric acid. 
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HPO3 + H2O-> H3PO4 

It reacts with AgNOs forming a white precipitate. 

AgN03 + HPO3-> AgP03 + HNO3 

BaCl2 gives a white precipitate which is insoluble in acetic 
acid. 

BaCl2 + 2HPO3-> Ba(P03)2 + 2 HC 1 

It forms salts with alkalies. The salts are called metaphos¬ 
phates. Sodium metaphosphate when heated with metal oxides 
forms mixed phosphates. The mixed phosphates of heavy 
metals have characteristic colours; hence used in qualitative 
analysis. 

NaP03 + CuO-> NaCuP04 

Uses : It is used : 

(i) as a dehydrating agent. 

(ii) as a water softener (calgon) in the foim of a polymer, 
(NaP 03 ) 6 . 

(iii) in the manufacture of dental cements. 

Structure : It is a monobasic acid, i.e., it consists one OH 
group. As it is formed by dehydration of H3PO4, it can be 
represented as HO—^P= 0 . 

i 

O 

OH 

HO—P—OH > HO—P =0 

o o 

Metaphosphoric acid or its salts are not present in the form 
of simple molecules but are often polymerised, (HP03)^. 

Structure of dimeric metaphosphoric acid may be given 
as: 



Structure of trimeric metaphosphoric acid can be represented 
in cyclic form* 
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The polymerised form is represented as: 
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^ 4. (i) Phosphorus Trichlorids, PCI 3 

Preparation : It is formed when dry chlorine is passed 
over red or white phosphorus heated gently in a retort over a 
water bath. The vapours of trichloride are condensed in a 
receiver cooled in a freezing mixture. 

P4 + 6CI2-^4PCl3 

Properties : It is colourless fuming liquid. It reacts 
violently with water forming phosphorus acid. 

PCI3 + 3 H 0 H H3PO3 + 3 Ha 
It reacts with concentrated H2SO4 forming chloro-sulphonic 
acid. 

4H2SO4 + 2PCI3-> 2HSO3CI + P2O5 + 2SO2 + 4 HC 1 + H2O 

Chloro-sulphonic 

acid 

or 2H2SO4 + PCI3-> HSO3CI + HPO3 + SO2 + 2HC1 

It reacts with organic compounds containing hydroxyl 
group. 

3C2H5OH + PCI3-> 3C2H5CI + H3PO3 

Ethyl alcohol Ethyl chloride 

3CH3C00H + PCI3 —> 3CH3COC1 + H3PO3 

Acetic acid Acetyl chloride 

3C6H5SO2 OH + PCI3-> 3C6H5SO2CI + H3PO3 

Benzene sulphonic Benzene sulphonyl 

acid chloride 

It directly combines with CI2, O2 and S. This indicates that 
it is an unsaturated compound. 

PCI3 + CI2-> PCI5 

2PCI3 + O2-^ 2POCI3 

PCI3 -H S-> PSCI3 

It acts as a reducing agent. 

PCI3 + SO2CI2-> PCI5 + SO2 

PCI3 + SO3-^ POCI3 + SO2 

3PCI3 + SOCI2-^ POCI3 + PSCI3+.PCI5 

3PCI3 + S2CI2-> PCI5 + 2PSCI3 

It reacts with finely divided metals when hot. 

12Ag + 4PCI3-> 12 AgCl + P4 

6Na + PCI3-> 3NaCl + Na3P 
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Uses : It is used in the manufacture of POCI3 and in the 
preparation of organic compounds. 

Structure : Its structure is similar to ammonia. P atom 
undergoes sp^ hybridization. In the tetrahedral configuration, 
one of the position is occupi^ by a lone pair. Thus, it is 
pyramidal in shape. 

Cl— P—Cl 

I 

Cl 

^ (ii) Phosphorus Pentachloride, PCI5 

Preparation : it is obtained by action of an excess of dry 
chlorine gas on phosphorus trichloride. 

PCI3 + CI2 -^ PGI5 

It may be obtained by the action of sulphuryl chloride 
(SO2CI2) on phosphorus or phosphorus trichloride. 

P4 + IOSO2CI2 —^ 4PCI5 + IOSO2 
PCI3 + SO2CI2-^ PCI5 + SO2 

Properties : It is almost colourless crystalline solid with 
pungent odour when pure. On heating it sublimes at 160 °C. 
When heated it dissociates into PCI3 and CI2. 

PCI5 PCI3 + CI2 
It undergoes hydrolysis violently by water. 

PCI5 + H2O-^ POCI3 + 2 HC 1 


PCI5 + 4H2O-^ H3PO4 + 5 HC 1 

It reacts with hydroxy compounds and replaces hydroxyl 
groups to chlorine atoms. 

C2H5OH + PCI5-> C2H5CI + POCI3 + HCl 


CH3COOH + PCI5-^ CH3COCI + POCI3 + HCl 

S0(0H)2 + 2PCI5-^ SO2CI2 + 2POCI3 + 2 HC 1 

Sulphuric acid Sulphuryl chloride 


Many metals are converted into chlorides when heated with 
PCI5. 


PCI5 + Zn-^ ZnCl2 "f" PCI3 


Uses: It is used as chlorinating agent in organic chemistry. 

Structure: X-ray studies have revealed that solid PCI5 
consists of ionic lattices, i.e., tetrahedral [PCI4]''’ cations and 
octahedral [PClg]” anions. In vapour state, it has trigonal 
bipyramid shape in which P has gone sp^d hybridization. (See 
page 99 ) 



Tetrahedral 

cation 


Cl 



Octahedral 

anion 


ItS ARSENIOUS OXIDE OR ARSENIC 
TRIOXIDE 

This is the most important compound of arsenic and is 
technically called as white ar^nic. 

Preparation : On a large scale, it is obtained by roasting 
amenopyrite ore, FeAsS, in air. 

2 FeAsS + 5O2-^ AS2O3 + Fe203 + 2SO2 

It is also formed when arsenic is heated in air or oxygen. 
4 As + 3O2 —2AS2O3 

Properties : (a) It is a white poisonous powder. A very 
small dose of 50 mg or so may prove fatal. It undergoes 
sublimation. 

(b) It is sparingly soluble in water. It reacts with water to 
form arsenious acid. The oxide is, therefore, known as arsenious 
anhydride. 

_As2Q3_+ 3 H 20 .-T-T—r^_ 2 H 3 As 03 . - ■ - - - - - - 

The acid is unstable and is known in solution. Its salts, 
known as arsenites, are quite stable. 

(g) It is an amphoteric oxide. 

AS2O3 + 6NaOH-> 2Na3As03 + 3H2O 

Sodium arsenite 

AS2O3 + 6HC1 —> 2ASCI3 + 3H2O 

Arsenic chloride 

(d) When treated with hydrogen sulphide, arsenic sulphide 
(yellow precipitate) is formed. 

AS2O3 + 3H2S-> AS2S3 + 3H2O 

(e) It acts as a reducing agent as it is changed to pentoxide 

(or arsenic acid, AS2O5 + 3H2O-> 2H3ASO4) 

(i) AS2O3 + 2I2 + 2H2O-^ AS2O5 + 4 HI 

(ii) [2HNO3-> H2O + 2NO2 + O] X 2 

AS2O3 + 20-> AS2O5 

AS2O3 + 4HNO3-^ AS2O5 + 4NO2 "t" 2H2O 

(iii) [2KMn04 + 3H2SO4-> 

K2SO4 + 2MnS04 + 3H2O + 50 ] x 2 . 
_ [AS2O3 + 20 -» AS2O5] X 5 _ 

4KMn04 + 6H2SO4 + 5AS2O3- > 

2K2SO4 + 4 MnS 04 + 5AS2O5 + 6H2O 


(iv) 

[H2O2- 
AS2O3 + 20 - 

—» H2O + O] X 2 
— > AS2O5 


AS2O3 + 2H2O2 — 

— ^ AS2O5 + 2H2O 

(V) 

[O 3 - 

O2 + 0 ] X 2 


AS2O3 + 20 — 

AS2O5 



-^ ^^205 + 2O2 


(f) It is reduced to arsenic by acidified stannous chloride. 

fSnCl2 + 2 HCi-» SnCl4 + 2 H] x 3 

AS2O3 + 6H-> 2 As + 3H2O 

AS2O3 + 3SnCl2 + 6 HC 1 -^ 3SnCl4 + 2 As + 3H2O 




498 


G.R.B. Inorganic Chemistry for Competitions 


US0$: (i) It is used as a weed killer and as an insecticide. 

(ii) In very small doses, it is used as medicine and for killing 
rats. 

(iii) It is used for making pyrex glass. 

(iv) As a reducing agent in volumetric analysis. 

(v) It is employed in dyeing and calicoprinting. 

(vi) It is used for preservation of hides and skins. 

FERTILIZERS 

For the normal and healthy growth of plants, more than twelve 
elements such as carbon, oxygen, hydrogen, nitrogen, 
phosphorus, potassium, calcium, magnesium, iron, zinc, 
manganese, molybdenum, sulphur, etc.^ are essential. These 
are called plant nutrients. Out of these elements, carbon, 
hydrogen, oxygen and a part of nitrogen are drawn from the 
inexhaustible air and water. The remaining elements including 
nitrogen are supplied by soil. Nitrogen, phosphorus and 
potassium are regarded as essential plant nutrients and are 
consumed in large quantities. Other elements are required in 
minute quantities by plants and are termed as secondary 
nutrients. The soil is never deficient in secondary nutrients. 
However, after a few years of continuous cultivation, the soil 
becomes poorer and poorer in materials supplying nitrogen, 
phosphorus and potassium to plants. If the soil is not 
compensated what it has lost in time, it would become less 
productive and ultimately infertile. Thus, in order to maintain 
soil fertility, it is necessary to add materials containing nitrogen, 
phosphorus and potassium in the form of manures. Manures 
are of two types: 

( 1 ) Natural manures and ( 2 ) Artificial manures, 

1. Natural manures : It includes animal waste such as 
blood, bones, horns, leather waste, fish scrap, excreta, night 
soil, sewage, sludge, tankage, guano, etc., and decayed plants 
such as cotton seed meal, wood or tobacco stem ashes, oil 
cakes and green growing plants buried in the soil, etc. 

2. Chemical manures or artificial manures or 
fertilizers : These are chemical compounds containing 
nitrogen, phosphorus or potassium obtained by artificial means. 
These chemical compounds are generally called fertilizers. 

chemical substances which are added to flie soil as 
to make up the deficiency of essential elements are called 
fertilizers”. 

Every chemical compound of nitrogen, phosphorus and 
potassium cannot be used as a fertilizer. The chemical substance 
which can be used as a fertilizer must have the following 
characteristics: 

(i) It must be soluble in water, 

(ii) It should be easily assimilated by plants. 

(iii) It should be fairly stable. 


Xiv) It should not be injurious to plants. 

(v) It should not disturb pH of the soil. 

(vi) It should be cheap. 

Classification of fertiiizers: 

Fertilizers are classified according to the elements (N, P 
and K) which they supply to the soil: 

(i) Nitrogenous fertilizers 

(ii) Phosphatic fertilizers 

(iii) Potash fertilizers 

(iv) Phosphatic cum nitrogen fertilizers 

(v) NPK fertilizers. 

Nitrogenous Fertilizers 

The important nitrogenous compounds used as fertilizers 
are: 

(i) Airiirtomto uitratF " " " 

(ii) Ammonium sulphate, 

(iii) Calcium cyanamide, 

(iv) Calcium ammonium nitrate, 

(v) Basic calcium nitrate, 

(vi) Urea. 

(i) Ammonium nitrate 

Ammonium nitrate is prepared from ammonia. Ammonia 
from the Haber process is burned in oxygen over a platinum 
catalyst to obtain niric oxide, NO; 

4NH3 + 5O2-> 4 NO + 6H2O 

The nitric oxide, reacts readily with oxygen from the air to 
form nitrogen dioxide, NO2; 

2 NO + O2-> 2NO2 

NO2 in turn reacts with water to yield nitric acid HNO3 and 
nitrous acid, HNO2. The nitrous acid, being unstable, is 
decomposed with heat and the resulting nitric oxide, NO, can 
be volatilized and recycled, 

2NO2 + H2O-> HNO3 + HNO2 

3HNO2-> HNO3 + H2O + 2 NO 

Additional ammonia then reacts with the nitric acid to produce 
ammonium nitrate (NH4NO3); 

HNO3 + NH3-> NH4NO3 

Solid ammonium nitrate should be handled carefully though 
pure ammonium nitrate is quite stable in farming operation, it 
is an oxidising agent and can explode on heating when mixed 
in bulk with reducing materials. Pure ammonium nitrate applied 
to the soil poses no explosive threat at all 
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Fig. 10.16 Nitrogen fertilizers from anhydrous ammonia 


(ii) Ammonium sulphate, (NH 4 ) 2 S 04 

The following two processes are used for its manufacture: 

(a) Amnnoiiia liquor obtained from dry distillation 
of coal : Ammonia liquor obtained during distillation of coal 
consists various ammonium compounds. In order to recover 
ammonia, the liquor is mixed with lime and heated in stills by 
steam. The mixture of ammonia and steam so produced is 
passed through a lead lined tank containing 60 % H2SO4, when 
crystals of {NH4)2S04 separate on cooling. 

{NH4)2C03 + Ca(OH)2-> CaCOs + 2NH3 + 2H2O 

2NH4CI + Ca(OH)2-> CaCl2 + 2NH3 + 2H2O 

NH4HS NH3 + H2S 
2NH3 + H2SO4 —^ (NH4)2S04 

(b) Ammonia obtain^^^l from Haber process : The 

synthetic ammonia obtained from Haber process is also conver¬ 
ted into ammonium sulphate by absorbing it in sulphuric acid. 

Sindri process 

Ammonium sulphate is manufactured at Sindri (Jharkhand) 
by passing synthetic ammonia into a suspension of finely 
powdered CaS04 (Gypsum) in water through which a stream 
of carbon dioxide is also passed. 

2NH3 + H2O + CO2 -> (NH4)2C03 

CaS04 + (NH4)2C03-> (NH4)2S04 + CaC03 

The insoluble CaC03 is filtered off. The solution on 
evaporation under vacuum and cooling yields crystals of 
ammonium sulphate. Ammonium sulphate is generally called 
Sindri fertilizer in India. 


Ammonium sulphate contains 24 - 25 % ammonia. This 
ammonia cannot be easily utilised by plants. It is converted into 
nitrates by nitrifying bacteria in the soil and nitrates are taken 
up easily by plants from the soil. It should not be frequently 
used otherwise the soil becomes acidic. It should be generally 
used after the seeds have germinated. 


(NH 4 ) 2 S 04 


Basic 


compounds in soil 


—4NH3 


Nitrates 

bacteria 


(ill) Calcium cyanamide, CaCN 2 (Nitrolim) 

It is manufactured by heating calcium carbide with nitrogen 
at 1100 °C in an electiic furnace. The product is usually dark 
grey in colour due to the presence of graphite and is sold in the 
market in the name of nitrolim. 

CaC2 + N2-> CaCN2 + C 

Calcium _ 

cyanamide 

In soil, it is converted into urea which then decomposes into 
ammonia. Ammonia is finally converted into nitmtes by nitrifying 
bacteria. 

CaCN2 + H2O + CO2-> CN NH2 + CaC03 

Cyanamide 

CN NH2 + H2O-> C0(NH2)2 

Urea 

C0(NH2)2 + H2O-> 2NH3 + CO2 

It is a slow fertilizer and its effects on fertility are of more 
permanent nature. It is added to the soil before sowing and not 
when the plants are actually growing. 

(Iv) Calcium ammonium nitrate, 
Ca(N03)2*NH4N03 (CAN) 

It is known as Nangal fertilizer in India. Ammonia is obtained 
by Haber process. A part of ammonia is converted into nitric 
acid by Ostwald’s process. Excess of nitric acid and ammonia 
are then made to react with each other to give ammonium 
nitrate. 

NH3 + HNO3-^ NH4NO3 

The solution is concentrated and treated with powdered 
limestone as to neutralise the free acid present in the solution. 

2HNO3 + CaCOs-> Ca(N03)2 + H2O + CO2 

Ca(N03)2 + NH4NO3-> Ca(N03)2 NH4N03 

CAN 

CAN is hygroscopic. The pellets are, therefore, coated with 
calcium silicate as to protect from moisture. Ammonium nitrate 
is explosive but CAN does not explode. This fertilizer is superior 
to ammonium sulphate as it is more soluble in water and does 
not make the soil acidic. 

(v) Basic cateium nitrata, (^KN 03 > 2 -CaO 

It is formed by reacting limestone with nitric acid. 
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CaC03 + 2HNO3-> Ca(N03)2 + H2O + CO2 

It is then mked with lime. 

Ca(N03)2 + CaO —^ Ca(N03)2 Ca 0 

Basic calcium nitrate 

Being highly dehquescent, it is packed in water proof bags. 
Basic calcium nitrate is also called Norwegian saltpetre or 
nitrate of lime. It is preferred to the normal calcium nitrate 
as a fertilizer since it is less deliquescent. 

(Vi) Urea, NH 2 CONH 2 

Urea is one of the world’s most important chemicals because 
of its wide use as fertilizer. 

It is manufactured by reacting ammonia and carbon dioxide 
under high atmospheric pressure near 200 °C. A mm onium 
carbamate (NH2COONH4) formed as an intermediate product 
changes into urea. 

O ^ 

C 02 + 2 NH 3 ^H 2 N—Ct' -4H2N—C—NH2+H2O 

(Ammonium carbamate Urea 

an intermediate product) 

A slurry of water, urea and ammonium nitrate is often applied 
to crops under the name of 'iiquid nitrogen”. Such a solution 
can contain upto 30 % nitrogen and is easy to store and apply. 
When applied to the surface of the ground around plants urea 
is subjected to considemble nitrogen loss. When urea hydrolyses 
(is decomposed by water) ammonia is formed, out of it some 
ammonia is lost to the air and some is absorbed by moist soil 
particles. As much as half of the nitrogen applied can be lost 
in this way. 

Out of the nitrogen fertilizers, urea has the highest nitrogen 
content equal to 46 . 6 %. It has no explosive property and there 
is no risk in the storage. It does not alter the pH of the soil. It 
can be used for all types of crops. However, there is one 
disadvantage, urea is not so stable as other nitrogenous 
fertilizers. It decomposes even at lower temperatures in humid 
atmosphere. It is highly soluble in water and hence requires 
airtight packing. 

Note : Inorganic nitrate fertilizers are water soluble and contribute 
significantly to nitrate pollution in the ground water of farming 
regions. Since excess nitrates in drinking water and food supplies 
cause blood disorders and contribute to the formation of 
carcinogenic nitrosoamines the present opinion is to keep the 
nitrate out of the ground water or to remove it in the purification 
of drinking water. 

B Phosphatic Fertilizers 

The minerals of phosphorus such as phosphorite, 
[Ca3(P04)2] and apatite, [3Ca3(P04)2-CaF2] are sparingly 


soluble in water and thus do not serve as source of phosphorus 
for plants. These are, therefore, converted into soluble materials 
which can act as good fertilizers. 


Phosphate 

rock 



Monoammonium phosphate 
Ammonia 12 - 5-0 


Diammonium phosphate 
18 - 46-0 


Triple superphokphate 
46 %P 205 


Sulphuric and phosphoric acid Ammonium 

phosphate-sulphate 
14 - 39-0 
16 - 20-0 


Nitric^phosphate 
14 - 22 % N 10-22 P2O5 


Normal superphosphate 
^ 19 - 20 % P2O5 


Fig. 10.17 Phosphatic fertilizers from phosphate rock 

The important phosphatic fertilizers are: 

(i) Calcium superphosphate 

(ii) Nitrophosphate 

(iii) Triple phosphate 

(iv) Phosphatic slag 


(i) Calcium superphosphate or 
superphosphate of lime 
Ca(H2P04)2H20 + 2(CaS04-2H20) 


Calcium phosphate, Ca3(P04)2, is not very useful to a 
growing plant because of its very low solubility. When calcium 
phosphate is treated with sulphuric acid it b^omes more soluble 
and is called ‘‘superphosphate”. 


Ca3(P04)2 + 2H2S04 

Phosphate rock 


^ Ca(H2P04)2 +2CaS04 

'. V-^ 

Superphosphate 


It is prepared on a large scale by treating phosphorite or 
bone ash with calculated quantity of 70 % H2SO4. 


Ca3(P04)2+2H2S04 +5H2O-> 


Phosphorite 


Ca(H2P04)2-H20 + 2CaS04-2H20 


Superphosphate of lime 


Superphosphate of lime has 16 - 20 % of P2O5. 


='Carcinogens are chemicals, that cause cancer. 
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(ii) Nitrophosphate 

It is prepared in the same way ^ superphosphate from 
phosphorite mineral using nitric acid instead of sulphuric acid. 

Ca3(P04)2 + 4HNO3 —^ Ca(H 2 P 04)2 + 2 Ca(N 03)2 

, ^ . - -~ V. — " -^ . 

Nitrophosphate or 
Calcium superphosphate nitrate 

The advantage of this fertilizer is that in addition to 
phosphorus, it contains nitrogen as well. Thus, this is a mixed 
fertilizer. 

(iii) Triple superphosphate of lime 

This is another form of superphosphate. It is obtained by 
the action of orthophosphoric acid, H3PO4 ( 70 %) with 
phosphate mineral. 

Ca3(P04)2 + 4 H 3 PO 4 -> 3Ca{H2P04)2 

Triple phosphate has calcium hydrogen phosphate but it 
does not have calcium sulphate that is why percentage of P2O5 
in triple superphosphate in about three times to calcium super¬ 
phosphate, and hence called triple superphosphate. It has 
about 42 - 46 % of P2OI. 

(iv) Phosphatic slag or Thomas slag: 

It is a by-pro(^uct of steel industry. When iron ore is burnt 
with limestone in the presence of air, calcium phosphate and 
calcium silicate appear as slag. 


Example 1 . Complete and balance the following reac¬ 
tions: 

(0 Copper reacts with HNO^ to give NO and NO2 in molar 
ratio of 2 : 1 . [LLX 1992 ] 

(ii) Red phosphorus is reacted with iodine in presence of 

water. [LI.T. 1992 ] 

(iii) Ammonium sulphate is heated with a mixture of nitric 
oxide and nitrogen dioxide. 

(iv) White phosphorus is boiled with a strong solution of 

sodium hydroxide in an inert atmosphere. [LLT. 1993 ] 

(v) The preparation of ammonium sulphate from gypsum, 

ammonia and carbon dioxide. [I.LT. 1990 ] 

(vi) Nitrogen is obtained by the reaction of ammonia with 

KMnO^. [I.LT 1991 ] 

(vii) Aqueous solution of sodium nitrate is heated with zinc 

dust and caustic soda. [LLT, 1990 ] 

(viii) Phosphorus reacts with cone. HNO^ to give phos¬ 
phoric acid [LLX 1991 ] 

(ix) The preparation of phosphine from CaO and white 

phosphorus. [LLX 1990 } 

(x) Sodium nitrite is produced by absorbing oxides of 
nitrogen in aqueous solution of sodium carbonate. [LLX 1991 ] 


4P + 502 -> P 4 O 10 . 

6CaO + P4O10 - > 2Ca3(P04)2 ^Thomas slag 

CaO + Si02 -> CaSi 03 J 

The slag being lighter rises on the top of molten metal and 
is easily separated. It is cooled. The solid m^s thus obtained 
is ground to a fine powder and used as fertilizer. It has 14 - 18 % 
of P2O5. 

M Potash Fertilizers 

Potassium nitrate, potassium chloride and potassium sul¬ 
phate are used as fertilizers. 

^ NPK Fertilizers 

Fertilizers containing N, P and K in suitable adjusted 
proportions are known as NPK fertilizers. These are obtained 
by mixing nitrogenous, phosphatic and potash fertilizers in 
suitable proportions. Expression like 4 - 8-2 used for a mixed 
fertilizer indicates that it contains 4 % N2, 8% P2O5 and 
2 % K2O. 

In India, plants for the manufacture of fertilizers are 
established/situated at, 

1 . Sindri (Jhaikhand) 

2. Trombay (Maharashtra) 

3 . Nangl (Punjab) 

4 . Rourkela (Orissa) and 

5 . Namroop (Assam) 


Solution : 

(i) 2HNO3-^ 2 NO + H2O + 30 


3 Cu + 30 + 6HNO3 ^ 3Cu(N03)2 + 3H2O 


3 Cu + 8HNO3 - 

3 Cu{N 03)2 + 2 NO + 4 H 20 ...(i) 

2HNO3- 

2NO2 + H2O + 0 

Cu + 0 + 2HNO3 - 

—> Cu(N 03)2 + H2O 

Cu + 4HNO3 - 

Cu(N 03)2 + 2NO2 + 2H20...(ii) 


To get NO and NO2 in the ratio of 2 : 1 , the eqn. (i) be 
multiplied by two and added in eqn. (ii). 

7 Cu + 2OHNO3->7 Cu(N03)2 + 4 NO + 2NO2 + IOH2O 


(ii) 

2 P + 3I2 

-^ 2PI3 


2PI3 + 3H2O 

-> H3PO3 + 3 HI 

(iii) 

NO + NO2 

-^ N2O3 


(NH 4 ) 2 S 04 

-> 2NH3 + H2SO4 


2NH3 + N2O3 

-> 2N2 + 3H2O 

(NH 4 ) 2 S 04 + NO + NO2 

-> 2N2 + H2SO4 + 3H2O 
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(iv) P4 + 3 NaOH + 3H2O-> 3 NaH 2 P 02 + PH3 

Sodium hypo- 
phosphite 

(V) 2NH3 -I- H2O + CO2- > (NH4)2C03 

CaS04 + (NH4)2C03-> (NH4)2S04 -h C^03 

(vi) 2KMn04 -(- H2O-> 2 KOH -h 2Mn02 + 30 


2NH3 -I- 30 -> N2 + 3H2O 


2KMn04 -t- 2NH3-> 2 KOH -i- 2Mn02 + N2 + 2H2O 

(vii) 

[Zn -t- 2 NaOH - 
NaNOa -t- 8H - 

NaaZnOa + 2 H] x 4 
NaOH+ NH3 -1- 2H2O 

4 Zn +' 7 NaOH -^NaNOa- 

NH3 + 4Na2Zn02+ 2H2O 

(viii) 

[2HNO3 - 

P4 + 100 + 6H2O - 

H2O -1- 2NO2 -h 0 ] X 10 
4H3PO4 


P4 + 2OHNO3 - 

4H3PO4+2ONO2+4H2O 


(ix) [CaO + H2O-> Ca(OH)2] x 3 


8P -t- 3Ca(OH)2 + 6H2O-> 3Ca(H2P02)2 + 2PH3 


8 P + 3 CaO + 9H2O-> 3 Ca(H 2 P 02)2 + 2PH3 


(x) Na2C03 + NO + NO2-> 2NaN02 + CO2 

Example 2. Answer the following: 

(i) Why concentrated H 2 S 0 ^, anhydrous CaCl2 or P4O10 
cannot be used as dehydrating agents for ammonia? 

(it) Why nitrous oxide supports combustion more vigorously 
than air? 

(Hi) Why red phosphorus is denser and chemically less 
reactive than white phosphorus? 

(iv) Nitric acid acts as oxidising agent while nitrous acid 
can act both as an oxidising and a reducing agent 

(v) Why commercial nitric acid is generally yellow in colour ? 
Solution : 

(i) Cone. H2SO4, anhydrous CaCl2 and P4O10 directly react 
with ammonia, 

H2SO4 + 2NH3 -> (NH4)2S04 

CaCl2 + 8NH3-> CaCl2‘8NH3 

P4O10 + I2NH3 + 6H2O-^ 4(NH4)3P04 


(ii) Air has oxygen about l/ 5 th of the volume while N2O on 
decomposition produces oxygen about l/ 3 rd of the volume. 

Total volume 


Air-> 4 voL N2 + 1 vol. O2; O2 = 


2N2O-> 2N2 + O2 ; O2 

2 vol. I vol. 


Total vol of N2 and O2 
3 


(iii) Red phosphorus is regarded as a polymer consisting of 
chains of P4 tetrahedra linked together. This makes red 
phosphoras denser and less reactive, 

(iv) In HNO3, the oxidation state of nitrogen is + 5 . Nitrogen 
can only be converted into lower oxidation states as +5 state 


is the highest Thus, it acts only as an oxidising agent. In 
nitrous acid, HNO2, nitrogen is in +3 oxidation state. Thus, it 
can be lowered or raised. Hence, HNO2 acts both as an oxidising 
and a reducing agent. 

(v) Nitrogen dioxide is present in HNO3 which imparts 
yellow colour to the nitric acid. NO2 is usually formed by 
decomposition of HNO3 in sunlight. 

4HNO3 > 4NO2 + 2H20 + 02 

Example 3 * Explain the following with proper reason: 

(i) Nitrogen is a gas while other members of Vth group are 
solids. 

(ii) A bottle of liquor ammonia should be cooled before- 
opening. 

(iii) Ammonia has a higher boiling point than phosphine. 

[M.L.N.R, 1993 ] 

(iv) PF5 is known but NF^ is not [MX,N.R, 1992 ] 

(v) The experimentally determined N—F bond length in 
NF^ is greater than the sum of single bond covalent radii of 
N and F. [LI.T. 1995 ] 

Solution : 

(i) The nitrogen atom is small in size. It can undergo lateral 
overlapping forming multiple bonds, Le., nitrogen molecule 
consists one sigma and two Tt-bonds (N=N). The discrete 
molecules are held together by weak van der Waals’ forces. 
Thus, nitrogen is a gas. As the size increases, the lateral overlap 
is not strong and multiple bonds are not formed. Four atoms 
link together by single covalent bonds in tetrahedral form. The 
molecular masses become high and hence the rest of the 
members of Vth group are solids. 

(ii) Liquor ammonia has high vapour pressure at room 
temperature. It is cooled before opening as to reduce the vapour 
pressure inside the bottle in order to prevent bumping. 

(iii) Nitrogen being more electronegative, hydrogen bonding 
is observed in ammonia, Le., association of molecules occurs 
through hydrogen bonding. This property is absent in 
phosphine. 

(iv) Nitrogen cannot extend its valency from 3 to 5 due to 
absence of ^-orbitals while phosphorus shows pentacovalency 
as ^-orbitals are present in it. 

(v) The bond length is high due to repulsion of the bonded 
pair by both nitrogen and fluorine atoms. This is due to their 
smaller size and high electron density. 

Example 4 . A colourless inorganic salt (Af i^composes 
completely at about 250 °C to give only two products (B) and 
(Q, leaving no residue. The oxide (C) is a liquid at room 
temperature and neutral to litmus paper while the gas (B) is a 
neutral oxide. White phosphorus burns in excess of (B) to 
produce a strong white dehydrating agent. Write balanced 
equations for the reactions involved in this process. 

[LIX 1996 ] 
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Solution: 

Both (B) and (Q are neutral oxides. (B) helps in the 
combustion of white phosphorus. Thus, (B) can be nitrous 
oxide, N2O. (A) is liquid at room temperature, thus it can be 
water, H2O. 

The inorganic salt (A) is ammonium nitrate, NH4NO3 which 
on decomposition gives N2O and H2O. 

NH4NO3-> N2O + 2H2O 

{A) (B) (C) 

ION2O + P4-» P4O10 + ION2 

Dehydrating 

agent 

—E^^mple 5 . An aqueous solutionr of a gas-{X)-shows- 
following reactions: 

(/) It turns red litmus blue, 

(ii) When added in excess to a copper sulphate solution, a 
deep blue colour is obtained. 

(Hi) On addition to ferric chloride solution a brownish 
precipitate soluble in HNO^ is obtained. 

Identify (Z) and give equations for the reactions in step (ii) 
and (iii\ [Roorkee 1991 ] 

Solution : 

The gas (X) is NH3. 

Its aqueous solution is NH4OH which turns red litmus to 
blue. 

Step (ii) 

CUSO4 + 2NH4OH -> Cu(OH)2 + (NH4)2S04 

Cu(OH)2 + (NH4)2S04 + 2NH4OH [Cu(NH3)4]S04+4H20 

Tetramine 
copper (II) sulphate 
(blue colour) 

FeCb + 3NH4OH-> Fe(OH)3 + 3NH4CI 

Brownish ppt. 

Fe{OH)3 + 3HNO3-» Fe(N03)3 + 3H2O 

Soluble 

Example 6. Give the names and formulae of the 
compounds described below: 

(a) A chromium compound which on heating gives nitrogen 
and an oxide of chromium. 

(b) A compound of N, H and O which is used as a freezing 
salt and decomposes on heating giving a neutral oxide of 
nitrogen. 

(c) A compound of N, H, C and O which is used as a 
fertilizer. 

Solution: 

(a) Chromium compound is ammonium dichromate, 
(NH 4 ) 2 Cr 207 . 

(NH4)2Cr207 —> N2 + CraOa + 4H2O 

(b) The compound is ammonium nitrate, NH4NO3. 

NH4NO3 N2O + 2H2O 

Neutral oxide 

(c) The compound is urea, NH2CONH2- 


Example 7 * Answer the following: 

(a) Why elemental phosphorus does not exist as P2 like N2? 

(b) How NO^ and PO^ ions are differ structurally? 

(c) NCl^ gets readily hydrolysed while NF-^ does not, why? 

(d) Oxides of nitrogen have open chain structures while 
those of phosphorus have closed chain or cage structures. Why 
is it so? Illustrate with one structural example for each type of 
the oxides. 

Solution: 

(a) Nitrogen because of small size has a tendency to form 
multiple bonds and thus exist as a diatomic molecule, N^N. 
Phosphorus has a comparatively larger size and it has no 
tendency to form muUiple^boeds and thus does not form diatomte- 
molecule, P=R However, it prefers to form P4 molecules in 
which each P is linked to three other P atoms by three single 
covalent bonds and four P atoms lie at the comers of a regular 
tetrahedron. 

(b) NO3 ion exists as a free ion. It has trigonal planar sha^ 
as N is in sf? hybridized state. 

PO3 ion does not exist as free ion but in the polymeric form 
in which various PO3 units are linked through P—O—^P bonds 
to form either linear or cyclic stmctures. The P is in sj? 
hybridized state. 

(c) In NCI3, Cl has vacant d-orbitals to accept lone pair of 
electrons from oxygen atom of H2O molecule. ''Phus, hydrolysis 
is possible. In NF3, no £f~orbitals are present. 

(d) Nitrogen on account of small size and high electro¬ 
negativity has a strong tendency to form multiple bonds (pn - 
pn bonds) with oxygen and form oxides with open chain 
structures. Phosphoms has no tendency to form p% - pn bonds 
with oxygen due to its large size and prefers to form single 
bonds. As a result, closed chain or cage structure results. 


o 
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Structure of N2O5 
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Structure of P4O10 


P-O 


Example 8. (a) AF3 does not have donor properties like 
ammonia. Explain. 

(b) pels ^ chlorinating agent in organic reactions. 

Give reason, 

(c) PCls exists as [PC^f [PCl^T but PBr^ exists as 
[PBr4fBr~~, Explain. 

Solution : 

(a) NF3 has a pyramidal shape like NH3 with one lone pair 
of electrons on N-atom. 
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The lone pair on N is in opposite direction to the N—bond 
moments and therefore, it has a very little dipole moment. 
Thus, lone pair is not very effective and does not show donor 
properties. Howevei;, NH3 has high dipole moment because its 
lone pair is in the same direction as the N—H bond moments. 
Electron density is high and thus, donor properties are observed, 

(b) The structure of PCI5 is trigonal bipyramid. The axial 
P—Cl bonds are slightly larger than the equatorial P—Cl bonds. 
Tbe nwlecuje is, tos, less stable. It breaks upto lose two 
chlorine atoms present on axial positions and, thus, acts as a 
chlorinating agent. 

(c) The formation of both PCI5 and PBr5 is due to sp^d- 
hybridization of phosphorus, L e. , both have a trigonal bipyramidal 
geometry which is not a regular structure and, thuSj is not very 
stable. To attain more stable structure, PCI5 splits up into 
tetrahedral and octahedral structures. 

2 PCl 5 ^ [PCl 4 r [PClg]- 

Tetrahedral Octahedral 

But PBrs does not split up in the same fashion.- The anion 
[PBrg]” is not possible due to large size of Br atoms. PBrs, 
therefore, splits up into stable tetrahedral structure as, 

PBrj ^ [PBr4]+Br- 

Tetrahedral 

Exampl g 9. (a) Cm PCI 5 act as an oxidising as well as 
a reducing agent? Justify. 

(b) Give the disproportionation reaction of H^POj. 

(c) The HNH angle value is higher than HPH, HAsH and 
HSbH angles. Why? 

(d) Why NH-^ is basic while BiH^ is only feebly basic? 
Explain. 

Solution t 

(a) Phosphorus can exhibit a maximum oxidation state of 
+ 5 . In PCI5, the oxidation state of phosphorus is + 5 . Thus, it 
cannot increase its oxidation state beyond +5 and consequently 
it is unable to act as a reducing agent. However, it can act as 
an oxidising agent by undergoing decrease in oxidation state. 
For example. 


+5 

+3 

PC15 + H2- 

-4PCI3 + 2HC1 

+5 

+3 

2PCI5 + Sn— 

2PCI3 -1- SnCl, 


(b) H3PO3 on heating is converted into H3PO4 (oxidation 
state + 5 ) and PH3 (oxidation state - 3 ). Thus, this is a dispropor¬ 
tionation reaction. 

+3 4-5 —3 

4H3PO3 -» 3H3PO4 -I- PH3 

Phosphoms acid Orthophosphoric add Phosphine 

(c) In all the hydrides of group 15 elements, the central 
atom undergoes jp^-hybridisation. The three hybrid orbitals 
form sigma bonds with three hydrogen atoms and the fourth 
contains a lone pair of electrons^. Hie lone pairdjond pair^ 
repulsions are larger than bond pair-bond pair repulsion. In 
ammonia both forces are equally present in opposite directions, 
hence the bond angle decreases from 109 ° 28 ' to 107 “ 5 '. 
However, as we go from N to Sb, the size increases and the 
repulsions between bond pair—^bond pair go on decreasing and 
thus the bond angles keep on decreasing from NH3 to SbH3. 

(d) The central atoms in both NH3 and BIHb contain a lone 
pair of electrons and thus, both should behave as Lewis bases. 
But the size of Bi atom is much larger than the nitrogen atom. 
The electron density on nitrogen atom is much higher in 
comparison to Bi atom. Consequently, the tendency to donate 
the electron pair by N in NH3 is much higher than the tendency - 
of Bi in BiH3. Therefore, NH3 is basic while BiH3 is feebly 
basic. 

Example 10. Illustrate, how does copper metal give 
different products on reaction with HNOy 

Solution : 

Nitric acid acts as an oxidising agent as well as an acid 
when it reacts with copper. Dilute HNO3 evolves nitric oxide 
while concentrated HNO3 gives nitrogen dioxide. 

2HNO3 (Dilute)-> H2O + 2 NO + 3 [ 0 ] 

[Cu + O-> CuO] X 3 

[CuO -I- 2HNO3-» Cu(N03)2 + H2O] X 3 

3 Cu + 8HNO3 (DUute)-> 3 Cu(N03)2 + 2 NO + 4H2O 

2HNO3 (Cone.)-> H2O + 2NO2 + [O] 

Cu + O —-> CuO 

CuO + 2HNO3-> Cu(N03)2 -h H2O 

Cu + 4HNO3-^ Cu(N03)2 + 2NO2 + 2H2O 




1 ,. VA or 15 th group of the periodic table consists of six 
elements^—^nitrogen, phosphorus, arsenic, antimony, bismuth 
and ununpentium. These elements are collectively known as 
pnictogens and their compounds pnictides, 

2 . These are p-block elements as the last differentiating electron 
is accommodated on np shell. They have general confi¬ 
guration of ns^np^ configuration. All the p-orbitals of the 
outer shell are singly occupied. 


ns np 



These elements are not so reactive as half filled orbitals are 
present which are fairly stable. Nitrogen behaves as a noble 
element under ordinary conditions. 

3 , VAgroup is a mixed group of metals, metalloids and non- metals. 
Metallic nature increases as the atomic number increases. 
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N P As Sb Bi 

' .V' ■ V . 

Non-metals Metalloids Metal 

Nitrogen and phosphorus combine with electropositive 
elements and form nitrides and phosphides. Bismuth and 
antimony form alloys. 

4. Nitrogen is a gas, the phosphorus is a waxy solid and can 
pass into vapour state readily. The remaining elements are 
solids and possess metallic lustre. 

Nitrogen is a diatomic molecule, N=N. The molecule has one 
sigma and two 7 t-bonds. The dissociation energy is very large 
(225 kcal moF^) and thus, is a stable and inert under ordinary 
conditions. 

R As and^Sb_i all exist as discrete teteatomic tettahedral 
molecules, viz. , P 4 , As 4 and Sb4 as these are not capable of 
forming multiple bonds. The angle between X—X—X is 60 °. 

5 . In VA or 15 th group : 

(a) density of the elements increases down the group. 

. (b) melting fK)ints increase from nitrogen to As and then 
decreases from As to Bi. 

The lower values are due to formation of three covalent 
bonds instead of five covalent bonds due to inert pair 
effect. 

(c) atomic radii increase down the group. 

(d) ionisation energy decreases regularly on moving down 
the group. 

The ionisation energy of N is very high due to small size. 

(e) electronegativity decreases gradually on moving down 
the group, 

(f) all the elements except bismuth show allotropy. 

(g) N, P and As exhibit the property of catenation but this 
property is much less than IVA elements. 

6* All the members can show +5 oxidation state toward oxygen. 
Nitrogen and phosphorus generally exhibit -3 oxidation state 
due to high electronegativity, +3 oxidation state is observed 
when only p electrons are used. Its stability increases due 
to inert pair effect. 

Nitrogen besides *- 3 , +3 and +5 oxidation states, exhibits a 
large number of oxidation states from -3 to + 5 . -3 in NH3, 
-2 in NH2-NH2, -1 in NH2OH, 0 in N2, +1 in N2O, +2 in NO, 
+3 in N2O3, +4 in N2O4 or NO2 and +5 in N2O5 and HNO3. 
?• These elements attain stable configuration by forming three 
covalent bonds. Except nitrogen, all other elements have 
^-orbitals in the valence shell. As a result, one of the two ns- 
electrons may be promoted to n^-orbitals to have five unpaired 
orbitals in the valence shell. These can be utilised to form five 
bonds. However, nitrogen can show a maximum covalency of 
4 when it donates the tt^-electron pair to Lewis acids. 

Sb and Bi can lose three electrons to form ions. Both 
SbF3 and BiF3 are ionic solids. ions are not stable in 
solution. They are rapidly hydrolysed as SbO'^ and BiO^ ions. 
However, ions are stable in strong acids. 

8, Nitrogen is found in free as well as combined state. It forms 
75 % by mass and 78 % by vol. of atmosphere. In combined 
state, it occurs as nitrates, proteins and amino acids. Phos¬ 


phorus is eleventh most abundant element in combined state. 
It is never found free in nature. P is essential for life of both 
animals and plants. It is present in DNA, RNA, ADP, ATP, 
etc. As, Sb and Bi are not abundant. 

9 . Nitrogen is chemically inert under ordinary conditions as it 
has very high dissociation energy. At high temperatures, it 
can react with otiier elements. Phosphorus (white fonn) is 
extremely reactive. The strained structure of P4 is responsible 
for this. The heavier elements are less reactive. 

Only nitrogen in this group is capable of forming pn-pn 
multiple bonds within itself and with carbon, oxygen, etc., 
on account of small size. Phosphorus and other members do 
not form pn-pn multiple bonds but they show multiple- 
bonding of dn-p%. 

10. (a) Oxides of type X2O3, X2O4 and X2O5 are formed by the 

elements of group 15 . 

(b) Greater is the electronegativity more is the acidic natuie 
of its oxides. 

(c) Acidic nature of each type decreases from N to Bi. 

N2O3 P2O3 AS2O3 Sb203 Bi203 

.y» I . f V " 

Acidic Amphoteric Basic 

(However, it shows feeble acidic character with strong 
alkali.) 

N2O5 P2Q5 AS2O5 Sb 2 Qs>i 2 Q 5 ^ . 

Acidic nature decrea^ 

Acidic nature of M2O4 oxides also decreases from N2O4 
to Bi204. 

(d) Thermal stability decreases in each series from N to Bi. 

(e) In the oxides of a particular element, the acidic nature 
increases as the percentage of oxygen increases or the 
oxidation state increases. 

11, (a) All the members of group 15 form oxyacids or oxoacids. 

(b) The oxyacids of nitrogen are: hyponitrous acid (H2N2O2), 
nitroxyhc acid (H2N2O4), nitrous acid (HNO2), nitric acid 
(HNO3), peroxynitric acid (HNO4). 

Nitrous acid m unstable, weak monobasic acid, forms 
stable salts. This acts as an oxidising and a reducing agent. 
Nitric acid is a stable, strong monobasic acid. It is a strong 
oxidising agent. 

(c) Phosphorus forms two types of oxyacids, one having P 
in +1 or 4-3 oxidation state, i.e., phosphorus acids and 
other having P in 44 or +5 oxidation state, i.e„ phosphoric 
acids. Phosphorus acids act as reducing agents as they 
tend to disproportionate. The important oxyacids of phos¬ 
phorus are : hypophosphorus acid (H3PO2), phosphorus 
acid (H3PO3), orthophosphoric acid (H3PO4), metaphos- 
phoric acid (HPO3), hypophosphoric acid (H4P2O6) and 
pyrophosphoric acid (H4P2O7). The number of OH group 
or groups in oxoacids of phosphorus decides the basicity 
of the acid. 

Acid H3PO2 H3PO3 H3PO4 HPO3 H4P2O6 H4P2O7 
Basicity 12 3 14 4 

Each oxoacid of phosphorus contains at least one P ==0 
unit and one P —OH unit. 
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(d) Arsenic forms two oxyacids—arsenious acid (H3ASO3) 
and arsenic acid (H3ASO4). Antimony forms only one 
acid H3Sb03. Bismuth also forms one stable oxoacid, 
HBi03 meta-bismuthic acid, 

(e) The strength and stability of oxoacids having the ele¬ 
ment in same oxidation state decreases down the group, 

12* All the members of this group form hydrides of the type 

MH3. 

(a) All the hydrides are colourless gases. 

(b) Their smell becomes more and more disagreeable from N 
to Bi, 

(c) The poisonous nature increases from NH3 to BiH3. 

(d) NH3 is highly soluble in water but other hydrides are less 
soluble. 

(e) The basic character decreases from NH3 to BiH3. 

(f) Thermal stability decreases from NH3 to BiH3. BiH3 
decomposes at room temperature. 

(g) The reducing nature increases. This shows M —bond 
strength decreases from NH3 to BiH3. 

(h) The shape of these hydrides is pyramidal. The formation 
is due to sp^ hybridization. The bond angle is never equal 
to ideal angle 109 ^ 28 '. The actual angle in NH3 is lOb^^S'. 

(i) Hydrogen bonding is present in NH3. No hydrogen 
bonding is present in other hydrides, 

13. Except nitrogen, the rest of the elements of group 15 form 
two series of halides MCI3 and MCI5. However, all form 
trihalides but one or more pentahalides are formed. Nitrogen 
does not form pentahalides due to absence of (i-orbitals. 

(a) All the trihalides are stable except NCI3, NBr3 and NI3. 
The unstable nature is due to low polarity of N— X and 
a large difference in the size of N and Cl. 

(b) The trihalides have distorted tetrahedral structure 
involving sp^ hybridization, 

(c) The trihalides act as Lewis bases. This tendency 
decreases from N to Bi. 

(d) Except NF3 and PF3, all the trihalides are hydrolysed by 
water. 

(e) Except N and Bi, other members form pentahalides 
especially fluorides. 

(f) Pentahalides have a trigonal bipyramid shape {sp^d 
hybridization). 

(g) Pentahalides decompose on heating into lower halides. 

(h) Pentahalides me hydrolysed by water. 

(i) X-ray studies have shown that solid PCI5 is an ionic 
compound composed of [PCIJ'^IPCI^]”", Solid PBrs exists 
as [PBr4]’‘' Br“. 

14. With the exception of nitrogen, all other elements of group 
15 form sulphides. The sulphides of arsenic and antimony 
are soluble in yellow ammonium sulphide or ammonium 
sulphide and form thio-compounds, 

15. Nitrogen differs from the rest of the family members on 
account of following factors : 

(a) small size of nitrogen atom, 

(b) high value of electronegativity. 

(c) absence of d-orbitals in the valency shell. 

(d) tendency to form multiple bonds. 


16. Scheele showed that air is a mixture of two gases : fire air 
(oxygen) and foul air (nitrogen). D.Rutherford named foul air 
as mephitic air (killer of life). Later on the element was found 
to be present in nitre and thus, the name nitrogen was 
proposed. 

17. Nitrogen can be obtained either from air or from the nitrogen 
compounds. In the laboratory, it is obtained by heating a 
mixture of ammonium chloride and sodium nitrite (NH4NO2) 
or ammonium dichromate. Pure nitrogen is obtained by 
passing ammonia vapours on heated CuO. It is also formed 
by action of nitrous acid on urea. 

18. Nitrogen is a colourless, odourless and tasteless gas. It is 
not poisonous but animals do not survive in its atmosphere 

_due Jo absence of oicy gen. It . is non-combustible and do es 

not help in combustion. It combines with oxygen, hydrogen, 
boron, silicon and certain metals under specific conditions. 
It combines with CaC2 to form nitrolim (CaCN2 + C) at lOCXf C, 
which is used as a fertilizer. 

19. Nitrogen forim three hydrides : (i) ammonia {NH3)Xii) hydra- 
zine (NH2'NH2) and (iii) hydrazoic acid (N3H). Ammonia is 
obtained on a small scale by the action of caustic soda or 
lime on ammonium compounds, by reacting nitrides with 
water, by doing reduction of nitrates and nitrites with zinc 
and caustic soda, by heating ammonium compounds and by 
action of NaOH on urea. 

20. For drying of NH3, quicklime (CaO) is used. Other dehydra¬ 
ting agents like H2SO4, CaCl2 and P2O5 cannot be us^ as 
they react with NH3. 

21. On large scale, ammonia is manufactured : 

(i) by Haber processXii) by Bosch’s process (iii) by cyanamide 
process or as a by-product during coal distillation. 

22. NH3 is lighter than air and is highly soluble in water due to 
hydrogen bonding. It can be easily liquefied at room tem^ra- 
ture by application of pressure. Liquid NH3 has a large heat 
of vaporisation. It is, therefore, used in ice plants. 

Ammonia is a Lewis base as it donates an electron pair. It 
forms ammonium salts with acids. It is oxidised to nitrogen. 
When chlorine in excess, an explosive substance NCI3 is 
formed. Iodine flakes when rubbed with liquor ammonia form 
a dark brown precipitate of ammoniated nitrogen iodide 
(NH3NI3) which explodes readily on drying. 

Aqueous ammonia (NH4OH) form many metal hydroxides. 
Some of them remain in solution in the form of complex 
compounds. 

23. Alkaline solution of K2Hgl4 (Nessler’s reagent) gives brown 
precipitate with NH3 called iodide of Millon’s base 
(H2NHgOHgl), 

24. Ammonia is used for the manufacture of nitric acid, sodium 
bicarbonate and ammonium compounds. Ammonium sulphate, 
ammonium calcium nitrate, etc., are used as fertilizers. 
Ammonium nitrate is used in certain explosives. Ammonium 
hydroxide is used in laboratory. It is also used for the 
manufacture of urea and for making artificial silk. Liquid NH3 
is used in refrigeration. 

25. Nitrogen forms five oxides : (i) N2O, nitrous oxide (laughing 
gas) (ii) NO, nitric oxide (iii) N2O3, nitrogen trioxide (iv) NO2 
or N2O4, nitrogen dioxide (v) N2O5, nitrogen pentoxide. 
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(a) Except N2O5, all oxides of nitrogen are gases at room 
temperature, 

(b) N2O and NO are neutral oxides while N2O3, NO2 and N2O5 
are acidic oxides. The acidic nature increases as percen¬ 
tage of oxygen increases. 

(c) N2O is a colourless gas with pleasant odour and sweet 
taste. When inhaled in moderate quantity, it produces 
hysterical laughter, hence named as laughing gas. 

N2O is a linear and unsymmetrical molecule. 

[:n=:N = o: <-->:n = n— o: ] 

• * 

It is used as anaesthetic in dental or other minor surgical 
operations in form of a mixture of N2O and O2. 

(d) NO is-a-colourless gas, slightly heavier than airv It is 
paramagnetic indicating the presence of unpaired 
electron in the molecule (: N = O: ). 

In the liquid and solid states, it forms a loose dimer, N2O2. 

(e) N2O3 condenses to a blue coloured liquid at -^ 30 ^C. The 
liquid when warmed decomposes into NO and NO2. It is 
called nitrous anhydride as forms nitrous acid with water. 
It is represented as 0 =N— 0 —^N—O. 

(f) NO2 is a brown coloured gas with pungent odour. The 
liquid and solid is entirely N2O4 (dimer) at low 
temperature. The molecule is V-shaped with O—N—O 
bond angle 132 ^ and N—O bond length 1.19 A. The 
molecule is an odd electron molecule. 

(g) N2O5 is a white crystalline solid. It is formed by action 
of P2O5 with cone. HNO3. It reacts with water and forms 
nitric acid. It is, tlius, known as nitric anhydride. It exists 
as a symmetrical molecule in gaseous state, O2NONO2. 
X-rays studies reveal that solid N2O5 is ionic in nature, 
Le., nitronium nitrate NO2NO3. 

26. Nitrous acid is unknown in free state but known only in 
solutions. It forms two series of organic derivatives, the 
nitrites (R —ONO) and nitro compounds (R —^N02). It is, 
thus, considered to be tautomeric mixture of two forms 

(H 0 N =0 and H — ). 

O 

27. HNO3, nitric acid was earlier called as aquafortis (meaning 
strong water). It is a monobasic acid. It reacts with basic 
oxides, carbonates, bicarbonates and hydroxides forming 
corresponding salts. It usually acquires yellow colour, due 
to its decomposition by sunlight into NO2. The yellow colour 
can be removed by warming it to 60 ” 80 ®C and bubbling dry 
air through it. It has extremely corrosive action on skin and 
causes painful sores. 

It acts as a strong oxidising agent. Non-metals are converted 
into highest oxyacids by hot and cone. HNO3. NO2 gas is 
evolved (S to H2SO4; P to H3PO4, C to H2CO3; I2 to HIO3; 
As to H3ASO4; Sb to H3Sb04 and Sn to H2Sn03). Most of 
the metals except noble metals are attacked by HNO3. It plays 
double role in action on metals, i.e., it acts as an acid as well 
as an oxidising agent. Before the hydrogen is allowed to 
escape, nitric acid is reduced into numl^r of products such 


as NO2, NO, N2O, N2 or NH3. It also oxidises a number of 
compounds. 


Concentration of 
nitric acid 

Metal 

Main products 

Very Dilute HNO3 

Mg, Mn 

H2 + metal nitrate 

Fe, Zn, Sn 

NH4NO3 + metal nitrate 

Dilute HNO3 

Pb, Cu, Ag, Hg 

NO + metal nitrate 

Fe, Zn 

N2O + metal nitrate 


Zn, Fe, Pb, Cu, Ag 

NO2 + metal nitrate 

Gone, HNG3 

-Sn .-. 

NO^ + Tl 2 Sn 03 ^ 

Metastannic acid 

Cone. HNO3 

Fe, Co, Ni, Cr, A 1 

rendered passive 


28 * Noble metals like gold, platinum, iridium, rhodium, etc., 
dissolve in aqua-iegia (3 parts cone. HCl plus one part cone. 
HNO3). Aqua-regia forms nascent chlorine which attacks 
noble metals. 

29 * The replacement of one or more hydrogen atoms of an 
organic compound by a nitro group (—NO2) is known as 
nitration. The nitration occurs in presence of cone. H2SO4 
with the formation of nitronium ion, NOj. 

HNO3 + 2H2SO4 NO2 + 2 HSOi + H30^ 

Proteins are attacked by HNO3 forming a yellow nitro 
compound called xanthoproteln. 

A number of organic compounds are oxidised. Sawdust 
catches frre when HNO3 Is poured over it. Turpentine oil 
bursts into flame when treated with fuming HNOa- Cane sugar 
is oxidised to oxalic acid. 

30 . HNO3 is used in the manufacture of explosives like T.N.T., 
picric acid, nitroglycerine, etc. It is also used in the manu¬ 
facture of fertilizers, artificial silk, dyes, drugs, perfumes, 
sulphuric acid, nitrates, etc. It is a laboratory reagent used 
as a solvent for metals. 

31 . The name phosphorus h^ been derived from the property 
of glowing in the dark. 

(Greek word, phos = light and phero = I carry.) 

Phosphorus is extracted either from phosphorite or bone ash 
by the application of either retort process (old process) or 
electrothermal process (modem process). In the modem 
process, phosphorite is mixed with carbon and silica. The 
mixture is introduced into the electric furnace and heated at 
1400 - 16 (XPC. Vapours of phosphorus are condensed under 
water. It is further purified by melting under acidified K2Cr207 
and is redistilled. 

32 . Phosphorus exists in a number of allotropic forms. These are: 

(a) yellow or white phosphorus 

(b) red phosphorus 

(c) scarlet phosphorus 

(d) black phosphoms 
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The main allottopic forms are yellow and red. 

The yellow form is the common variety. This form is 
chemically active. It is a transparent waxy solid and can be 
easily cut with knife. It has garlic odour and is poisonous in 
nature. Vapours are also injurious. Persons working with 
phosphoms develop a disease known as phossy jaw. 

This form undergoes slow combustion in contact with air and 
glows in dark. This property is called cfaeinilummescence. It 
readily catches fire giving dense fumes of P2O5 and therefore, 
kept in water. 

When heated in inert atmosphere at 24 (fC, it changes into 
red variety. It is odourless and non-poisonous in nature. It 
does jaot show phosphorescence. It isjiot active in nature. 
It is regarded as a polymer consisting of P4 tetrahedral chains. 

33 . Yellow phosphoms is used as a rat poison. Red phosphoms 
is used in match industry and for making of HBr and HI. 
Radioactive phosphoms (P^^) is used in the treatment of 
leukemia and other blood disorders. It is used for making 
incendiary bombs and smoke screens. 

34 . Phosphine is prepared by boiling yellow phosphoms with a 
concentrated solution of sodium hydroxide in inert atmos¬ 
phere. Besides PH3, small amounts of H2 and P2H4 are also 
formed. As soon as the bubbles of the gas come in contact 
with air, they catch fire forming tings of smoke known as 
vortex rings. This combustion is due to presence of P2H4. 
Pure phosphine can be obtained by using alcoholic potassium 
hydroxide in place of aqueous NaOH. It is a colourless gas, 
heavier than air, garlic like odour and poisonous in nature. 
Pure PH3 does not spontaneously inflame. It bums in air or 
oxygen at 15 {fC. The spontaneous inflammability at the time 
of preparation (due to presence of P2H4) is used in making 
Holme’s signals. The phosphine is less basic and more 
reducing dian NH3. The bond angle H—^P—is 93 *". 

35 . Phosphoms forms three important oxides. These exist in 
dimeric forms. 

(i) Phosphoms trioxide (P4O5) 

(ii) Phosphoms tetroxide (P4O8) 

(iii) Phosphoms pentoxide (P4O10) 

In the molecule of P4O6, the phosphoms atoms lie at the 
tetrahedral position with each other and the 6 oxygen atoms 
are inserted between them. Each P is bonded covalently to 
three 0-atoms and each oxygen atom is bonded to two 
phosphoms atoms. 

The stmctures of P40g and P4O10 am similar to P4O6 with a 
difference that in P4OB two alternate P-atoms are also linked 
with an additional oxygen atom each and in P4O10 each 
phosphoms atom is hnked with an additional oxygen atom 
by a coordinate linkage. 


Structure of P4O5 


:o—P—o: 

I .vJ* I 

L \ J 


•o—p—o* 

L \ J 
.o*—P—* 0 . 


:o^ 


o 

•OrrrP—O* 

L \ .1 

.O'—p—q. 

>1^ 

:o: 


^o: 


P4O8 


P4O10 


P4O10 is most effective drying or dehydrating agent. 

36 . Following are some important compounds : 

(i) Scheele’s green CuHAsOs 

(ii) Graham salt (NaPOs)^ 

(iii) Pms green” (eH3C00)2Cu-3Cu(As02)F- 

(iv) Pearl white BiOQ 

(v) Nitrophosphate + 2Ca(N03)2 

(vi) Superphosphate of lime Ca(H2P04)2H20 + 2CaS04-2H20 

(vii) Thomas slag 2Ca3(P04)2*CaSi03 

(viii) Sindri fertilizer (NH4)2S04 

(ix) Nangal fertilizer (CAN) Ca(N03)2-NH4N03 

(x) Amatol 80% NH4NO3 + 20% TN.T 

(xi) Ammonal NH4NO3 + A1 powder 

(small quantity) 

(xii) Swarts reagent SbF3 

(xMi) Tartaremetic (Potassium antimony! tartarate) 

(xiv) Angeli’s salt Na2N203'H20 

37 . Arsenic trioxide is called white arsenic and is a poison. Traces 
of arsenic are detected by Marsh test. 

38 . Hydrazine is called diacid base and can form salts with one 
or two equivalents of an acid. Hydrazine (NH2*NH2) and its 
derivatives are used as rocket-fuels. 

Hydrazoic acid (N3H) is a fairly strong acid, stronger than 
acetic acid but weaker than mineral acids. N3, azide is a 
pseudohalogen ion. Hydrazoic acid acts both as oxidising 
and a reducing agent, 

39 . Both NF3 and NH3 have pyramidal stmctures with bond 
angles 102 *" and 107 *" respectively. Their dipole moments are 
different-NF3 ( 0.24 D) and NH3 (L 48 D). The difference is 
due to the fact that while the dipole moment due to N— 
bonds in NF3 are in opposite direction to the direction of 
dipole moment of the lone pair on N-atom which partly cancel 
out, the dipole moments of N—H bonds in NH3 are in the 
same direction of the dipole moment of the lone pair on N 
which add up. 

40 . In case of phosphorus trihalides, PY3 {X = F, Cl, Br, I) the 
bond angle increases from PF3 to PI3. 

41. Hydroxylamine, NH2OH, is a hydroxy hydride of nitrogen. It 
is a derivative of ammonia. It is a weaker base than NH3. It 
behaves as a mild reducing agent as well as an oxidising 
agent. 

42. Some ammonium compounds decompose without evolving 
NH3. 

NH 4 NO 2 ->N 2 + 2 H 20 

NH4NO3-> N2O + 2H2O 

(NH 4 ) 2 Cr 2(>7 -> N2 + G2O3 + 4H2O 
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■ Subjective Type Questions 

L Answer the following: 

(i) Why nitrogen is less reactive at room temperature? 
(M) NF5 is not known. Why? 

(iii) Why BiHs is strongest reducing agent? 

(iv) Which oxide of nitrogen becomes brown when released 
in air? 


(iv) A mixture of NaN02 and NH4CI 

(v) Ammonium dichromate 

(vi) Orthophosphoric acid 

(vii) Phosphorus acid 
(viii) Hypophosphoms acid 

(m) Copper nitrate 


(v) Name two neutral oxides of nitrogen. 

2 . Answer the following: 

(i) Why does PCI3 fame in air? 

Cii) Which element of group 15 is found in abundance in 
nature? 

(iii) In which is the bond angle higher, PH4 ion or PH3 
molecule? 

(iv) Are all the five bonds in PCI5 molecule equivalent? 

(v) Name three allotropic forms of phosphorus. Which is 
most reactive? 

(vi) What does the word cryogen mean? 

3 , Give reason; 

(a) Why is ammonia highly soluble in water? 

(b) Nitrogen dioxide is paramagnetic in gaseous state. 

(c) Why does NH3 act as a Lewis base? 

(d) Why cone. H2SO4 cannot be used as dehydrating agent 
forNHg? 

(e) Ammonia has higher boiling point than phosphine. 

4 Explain briefly, why: 

(a) White phosphorus is more reactive than red phosphoms? 

(b) Hydrazine is unstable? 

(c) Trihalides of nitrogen cannot be oxidised to pentahalides? 

(d) NO is paramagnetic whereas NO’*' is diamagnetic? 

(e) Does H3PO3 act as a reducing agent but H3PO4 does not? 

5 , Give the names and formulae of the compounds described 
below: 

(i) A compound of N, H and O which on heating gives 
laughing gas. 

(ii) A compound of N, H and O which on heating gives 
nitrogen gas. 

(iii) A compound of Ca, P and 0 which is found in bones, 

(iv) A compound of N and H which is used as refrigerant. 

(v) A compound of N and H which behaves like an acid. 

(vi) A compound of N and H which is used as a rocket fuel. 

(vii) A compound of N, H, S and O which is used as a 
fertilizer. 

(viii) A compound of N, H and O which is used for making 
oximes. 

(ix) Two neutral oxides of nitrogen. 

(x) The oxyacid of phosphorus is used for the preparation 
of HBr and HI from bromides and iodides respectively. 

6. Describe the action of heat on the following compounds: 

(i) Ammonium nitrate 

(ii) Ammonium nitrite 
Oii) \ninv^niiini chinrido 


(x) Silver nitrate 

7 . Complete and balance the following reactions: 

(i) KNO3 + FeS04 + H2S04(conc.)-> ...... 

(ii) Mg + HNO3->. 

.. ■ ■ (iii)‘ Cu"T'HN03'"-^^^^“'N0'+. 7 '. . 7 + 

Heat 

(iv) Pb(N03)2-> PbO +.+ . 

(v) CuS04 + NH40H(excess)->. 

(vi) NH3(excess) + Cl2->.+. 

(vii) NH3 + Cl2(excess)->. 

(viii) Aga + NH40H- 

(ix) Ag(NH3)2Cl+HN03->. 

Heat 

(x) Ca3(P04)2 + Si02 + C-> CaSi03 + CO + 

(xi) CaCN2 + H20(steam)->CaC03 + 


(xii) Ca3(P04)2 + H3PO4-^...... 

(xiii) NH3 + NaOCl-^ ......+ NaCl + H2O [I JX 1993 ] 

(xiv) P4O10 + PCI5-> ...... [LI.T. 1998 ] 

8 . What happens when ? 

(i) A mixture of air and ammonia is passed over heated 
platinum gauze. [M.L.N.R. 1990 ] 

(h) Gold is treated with aqua-regia. [LIX 1997 ] 


(iii) Water is added to calcium phosphide. 

(iv) Calcium phosphate is heated with a mixture of sand and 
carbon. 

(v) Phosphorus reacts with nitric acid to give equimolar 
ratio of nitric oxide and nitrogen dioxide. 

(vi) Zinc is treated with very very dilute nitric acid. 

(vii) Phosphine is treated with an acidified CUSO4 solution. 

[]VLL,N.R. \m] 

(viii) Iodine reacts with concentrated nitric acid, 

[M.LN.R. 1992 ] 

(ix) Orthophosphoric acid is heated with nitric acid and 
ammonium molybdate. 

(x) Disodium hydrogen phosphate is added to ammonical 
solution of magnesium sulphate. 

(xi) Magnesium is burnt in air and the product is treated 
with water. 

(xii) Phosphine is passed through AgN03 solution. 

(xiii) Phosphoric acid reacts with Ca5(P04)3E [LLX 1998 ] 
9 * How will you prepare? 

(i) Ammonia from calcium carbide. 

(ii) Nitrogen from ammonium chloriue. 

(iii) Phosphine from phosphorus. 
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(iv) Phosphorus from bone ash. 

(v) Nitrous oxide fit>m dilute nitric acid. 

(vi) Niti'bgen dioxide from concentrated nitric acid. 

(vii) Ammonium nitrate from nitric acid. 

(viii) Yellow phosphorus from orthophosphoric acid. 

Cix) Metaphosphoric acid from orthophosphoric acid. 

(x) Hydrogen from nitric acid. 

10 * Answer the foUowing: 

(i) How many unpaired electrons are present in the 
valency shell of VA group elements? 

(ii) How many covalent bonds nitrogen can form? 

(iii) What are the minimum and maximum oxidation states 
of nitrogen? 

(iv) Which oxyaeid of nitrogen behaves-both as an oxidis¬ 
ing and a reducing agent? 

(v) Why NH3 exists as liquid whereas other hydrides of 
the same group exist as gases? 

(vi) Which oxide of nitrogen is paramagnetic and coloured? 

(vii) What are the possible oxidation states for nitrogen? 
Give an example of each. 

(viii) What is the basicity of hypophosphorus acid? 

(ix) Which allotropic form of phosphorus is more active? 

(x) What is the shape of phosphorus molecule? 

11 . Arrange the following as directed: 

(i) N, P, As, Sb and Bi (increasing order of stability of +5 
oxidation state) 

(ii) NCI3, PCI3, ASCI3, SbCl3 and BiC^ (order of ease of 
hydrolysis) 

(iii) NH3, PH3, ASH3 and SbH3 (increasing order of basic 
nature) 

(iv) NH3, PH3, ASH3, SbH3 and BiH3 (increasing order of 
stability) 

12 * How will you obtain? 

(a) N2 from a mixture of N2 and CO. 

(b) NH4CI from a mixture of NH4CI and KCl. 

(c) Nitrogen from a mixture of N2 and O2. 

(d) NH3 from a mixture of N2 and NH3. 

(e) PH3 from a mixture of PH3 and NH3. 

(f) N2 from a mixture of N2 and CO2. 

13 * Write down the formittee of the following: 

(i) Sal ammoniac 

(ii) Laughing gas 

(iii) Superphosphate of lime 

(iv) Triple superphosphate 

(v) Nitrophosphate 

(vi) Leuna saltpetre 

(vii) Nitrochalk 
(viii) Sindri fertilizer 

(ix) CAN 

(x) Nitrolim 

14 , (a) Write the two resonance structures of N2O that satisfy 
the octet rale. fl.l.T. 1990 ; MX.N.R. 19931 

(b) Give the structural formulae of phosphorus acid (H3PO3) 
and pyrophosphoric acid (H4P2O7). 


(c) Draw the structure of P4O10 and identify the number of 

single and double P —0 bonds. [LIX 1996 ] 

(d) Draw the structure of P4O5 and identify the number of 
single P —O bonds. 

(e) Write down the Lewis electron dot formula of the 
following: 

NO, N2O5, HNO2. HNO3, PH4I, H3PO2, H3ro4. 

(f) Write down the shapes of the following: 

NH3, NHt N2O, PCI3, PCI5, NO J, PO|“. 


15 , Write short notes on the following: 

(a) Nitrogen fertilizers 

(b) Phosphorus fertilizers 

(c) Mixed fertilizers _ 

(d) Action of nitric acid on metals 

(e) Action of nitric acid on non-metals 

(f) Nitrogen cycle 

(g) Nitrogen fixation 

(h) Oxidation states of nitrogen 

(i) Oxides of nitrogen 

(j) Nitrates 

(k) Holme's signal 

( l ) Uses of nitric acid 

(m) Passivity 

16 , Describe the principle, of manufacture with conditions of the 
following compounds: 

(i) Ammonia by Haber process. 

(ii) Nitric acid by Ostwald's process, 

(iii) White phosphorus from bone ash by electrothermic 
method. 

(iv) Ammonium sulphate from gypsum. [IXT. 1990 ] 

(v) Superphosphate of lime. 

(vi) Nitrolim. 

(vii) Urea. 

17 * Explain the following with relevent reason: 

(i) Nitric acid turns yellow in sunlight. 

[Ans, HNO3 decomposes to form yellow N2O4 in sunlight. 

4HNO3 ) 2H2O+2N2O4+02] 

(ii) Why nitrate and nitrite cannot be distinguished by the 
action of cone. H2SO4? 

[Ans. Because both liberate brown fumes of NO2 on heating 
with cone. H2SO4.] 

(iii) Why NO2 cannot be dri^ by means of NaOH 
solution? 

[Ans. NO2 is an acidic gas. It is absorbed in NaOH.] 

(iv) On heating Pb(N03)2 produces a pale yellow gas which 
on strong heating produces a brown gas, 

[Ans. Lead nitrate first produces N2O4 which is pale 
yellow. On further heating, it decomposes into nitrogen 
dioxide (brown in colour). 


Pb(N03)2 


Heating Heating 

-> N2O4 -^ 

A pale 
yellow gas 


NO2 ] 

A brown 
gas 
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(v) Water has the highest boiling point among NH3, PH3, 
HClandH20. 

[Ans. Maximum hydrogen bonding is present in water as 
oxygen is the most electronegative among N, P, Cl and 
O] 

(vi) Nitric acid mostly forms oxides of nitrogen on reacting 
with metals while other acids react with metals to evolve 
hydrogen. 

[Ans, In addition to being an acid, nitric acid is a strong 
oxidising agent. Before hydrogen is evolved, it reduces 
nitric acid into nitrogen oxides.] 

(vii) Phosphine is prepared in an inert atmosphere of carbon 
dioxide or hydrogen. 

[Am. Phosphine, being highly inflammable, bums in air. It 
is therefore prepared in inert atmosphere.] 

(viii) Red phosphorus is used for making matches. 

[Ans. Red phosphorus is non~poisonous and has a high 
ignition point] 

(ix) Phosphorus pentoxide is used in the preparation of 

NA- 

[Ans, P4Oj0 is a strong dehydrating agent It removes water 
molecules from nitric acid to form N2O5. 

P4O10 + I2HNO3 -> 4H3PO4 + 6N2O5 

or P4O10 + 4HNO3-> 4HPO3 + 2N2O5] 

(x) Ammonia is used for refrigeration. 

[Ans. Ammonia has high heat of vaporisation.] 

(xi) The electronegativity of both nitrogen and chlorine is 
the same. But nitrogen is inert at room temperature 
whereas chlorine is highly reactive. 

[Ans. Nitrogen molecule consists a strong triple bond 
whereas a chlorine molecule has only a single bond.] 

(?di) Ammonia acts as a ligand, 

[Ans. Due to the presence of a lone pair of electrons on 
nitrogen which it can donate to acceptor (a metal ion) 
and thus acts as a ligand.] 

(xiii) Burning magnesium continues to bum in nitric oxide 
while burning sulphur is extinguished. 

[Ans. The reaction between Mg and O2 is highly exo¬ 
thermic, Le., the heat evolved is enough to decompose 
NO into N2 and O2 while the heat evolved during 
burning of sulphur is not sufficient to break NO.] 

(xiv) NF3 is not hydrolysed but NCI3 is readily hydrolysed. 
[Ans. Neither nitrogen nor fluorine possess vacant ^/-orbitals 

to form extra bond with lone pair of electrons on 
oxygen of water molecule. However, NCI3 has vacant 
^/-orbitals on chlorine atom. 

NCI3 + 3H2O -—» NH3 + 3 HC 10 ] 

(xv) Aluminium containers can be used for strong concen- 
trated HNO3. 

[Ans. Aluminium is rendered passive by cone. HNO3 due 
to formation of a fine film of its oxide on its surface. 
This film does not allow the dissolution of aluminium 
metal in acid and thus Al-containers can be used to 
store cone. HNO3.] 


(xvi) Pure PH3 does not bum in air but impure sample of PH3 
bums in air. 

[Ans. P2H4, the liquid hydride is always present in impure 
phosphine. It catches fire as soon as it comes in 
contact with air,] 

(xvii) Phosphorus does not fom phosphorus penta-iodide. 
[Ans. Due to large size of iodine, the effective overlapping 
between the orbitals of P and I is not possible to form 
covalent bonds.] 

(xmii) Phosphorus acid is a dibasic acid. 

[Ans. Phosphorus acid molecule, H3ro3, possesses two 
hydroxyl groups, Le., two replaceable hydrogen atoms. 

O 

II 

HO—P—OH ] 

I 

H 

(xix) Urea is a better nitrogenous fertilizer than ammonium 
sulphate. 

[Ans. Urea on hydrolysis gives NH3 and CO2. NH3 is 
assimilated by plants and CO2 goes to atmosphere, 
Le., no residue is left in soil. Ammonium sulphate on 
hydrolysis gives NH3 and H2SO4. NH3 is assimilated 
while H2SO4 is retained in soil making it acidic,] 

(xx) (SiH3)3N is a weaker base than (CH3)3N. [I.LT. 1995 ] 
[Ans. In (SiH3)3N, the lone pair of electrons on nitrogen is 

used up in piz-dn back bonding. Such a pn-dit bonding 
is not possible in (CH3)3N due to absence of 
^/-orbitals in carbon. This accounts for more basic 
nature of (CH3)3N than (SiH3)3N.] 

(xxi) Mg3N2 when reacted with water gives off NH3 but HCl 

is not obtained from MgCi2 on reaction with water at 
room temperature. [LLX 1995 ] 

[Ans. MgCl2 is a salt of a strong acid and a strong base so 

its hydrolysis is not possible whereas Mg3N2 is a 
salt of a strong base, Mg(OH)2, and a weak acid, NH3, 
so it gets hydrolysed to give NH3.] 

(xxii) Aqua~regia dissolves gold. 

[Ans. Aqua-regia is a mixture of cone. HNO3 and cone. HCl. 
Both react to give nascent chlorine which attacks gold 
and forms gold chloride which dissolves.] 

(xxiii) Calcium cyanamide is used as a fertilizer. 

[Ans. In soil, it is converted into urea which then decom¬ 
poses into ammonia. This is assimilated by plants. 

CaCNa + H2O + CO2-> CN‘NH2 + CaCOa 

Cyanamide 

CN-NH2 + H2O -^ NH2CONH2 

Urea 

NH2CONH2 + H2O -> 2NH3 + CO2 ] 

(xxiv) Nitric oxide turns brown in air. 

[Ans. Nitric oxide dir^tly reacts with oxygen of the air 
forming brown fumes of NO2. 

2 NO + O2-^ 2NO2] 

(xxv) Copper dissolves in HNO3 but not in HCL 

[Ans, HNO3 is an oxidising agent which converts copper 
into CuO which dissolves in HNO3 in the form of 
copper nitrate.] 
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18. (i) An inorganic iodide (A) on heating with a solution of 

KOH gives a gas (B) and the solution of a compound 

(Q. 

(ii) The gas (B) on ignition in air gives a compound (D) 
and water. 

(iii) Copper sulphate is reduced to the metal on passing (B) 
through the solution. 

(iv) A precipitate of the compound (£) is formed on 
reaction of (C) with copper sulphate solution. 

Identify (A) to (£) and give chemical equations for reactions 
at steps (i) to (iv). [Roorkee 1994 ] 

[Hint t Gas (B) on ignition gives water, therefore, hydrogen is 
present in the gas. 

An inorganic iodide with alkali (KOH) gives a gas (B), 
a hydrogeh compound, so (A) rnay he NHA or PH4I. As 
NH3 does not reduce CUSO4, therefore, the compound 
(A) is PH4L 

(i) PH4I + KOH-> PH3 + KI + H2O 

(A) (B) (C) 

(ii) 4PH3 + 8O2-> P 4 O 10 + 6H2O 

P4O10 + 2H2O 4HPO3 

m 

Metaphosphoric 

acid 


(iii) 

3CUSO4 + 2PH3 

—> CU3P2 + 3H2SO4 

i 



3 Cu -1- 2 P 

(iv) 

2CUSO4 + 4 KI — 

-4 CU2I2 + 2K2SO4 + I2] 


(C) 

(E) 


19. An orange solid (A) on heating gave a green residue (B), a 

colourless gas (Q and water vapour. The dry gas (C) on 
passing over heated magnesium gave a white solid (D). (D) 
on reaction with water gave a gas (£) which formed dense 
white fumes with HCL Identify (A) to (£) and give the 
reactions. [LLX 1992 ] 

[Hint : Formation of dense white fumes with HO indicates that 

the gas (E) is NH3. 

Ammonia is formed by hydrolysis of solid (D). Thus, (D) 
should be Mg3N2. 

Formation of (D) indicates that gas (Q is N2. Thus, (A) is 
ammonium dichromate. 

(NH4)2Cr207-> N2 + Cr 203 + 4H2O 

Orange (A) (C) Green (5) 

3 Mg + N2 MgaNa (D) 

Mg3N2 + 6H2O ^4 3 Mg(OH )2 + 2NH3 

(E) 

NH3 + HCl-> NH4CI ] 

Dense white 
fumes 

20 . Gradual addition of KI solution to Bi(N03)3 solution initially 

produces a dark brown precipitate which dissolves in excess 
of KI to give a clear yellow solution. Write chemical equations 
for the above reactions. [LLX 1996 ] 

[Hint : Bi(N03)3 undergoes hydrolysis forming nitric acid. Nitric 

acid liberates iodine from KI which dissolves in excess of 
KI giving clear yellow solution. 
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Bi(N 03)3 + H2O [Bi(0H)(N03)2] + HNO3 

2HNO3-> H2O + 2NO2 + O 

2KI + 2HNO3 + O-> 2KNO3 + H2O + I2 

(Dark brown 

ppt) 

I2 + KI --> KI3 ] 

Yellow solution 

21. A colourless solid (A) liberates a brown gas (B) on 
acidiiication, a colourless alkaline gas (Q on treatment with 
NaOH and a colourless non-reactive gas (D) on heating. If 
heating of the solid (A) is continued, it completely disappears. 
Identify (A) to (D). 

[Ans. (A) = NH4NO2; (B) = NO2; (Q = NH3; (D) = NaJ 

22 . A compound (A) on heating with an excess of caustic soda 
solution liberates a gas (B) which gives white fumes on^ 
exposure to HCL Heating is continued to expel the gas 
completely. The resultant alkaline solution again liberates the 
same gas (B) with zinc powder. However, the compound (A) 
when heated alone, does not give nitrogen. Identify (A) and 
(B). 

[Ans. (A) = NH4NO3; (B) = NH3] 

23 . An inorganic compound (A) when heated decomposes 
completely to give only two gases (B) and (C), (B) is a neutral 
gas, fairly soluble in water and itself decomposes on heating 
to two different gases (D) and (£). 

(A) when warmed with NaOH gives another gas (F) which 
turns mercurous nitrate paper black. After sometime the gas 
(F) ceases to evolve, however its supply is restored by 
treating residual solution with aluminium powder. Identify (A) 
to (F) and give necessary equations. 

[Ans. (A) = NH4NO3; (B) = N2O; (C) = H2O; (D) = N2; 
(E) = O2; (F) = NH3 

NH4NO3 — —.> N20 + 2H2O; 

2N20 2N2 + 02 

NH4NO3 + NaOH-> NaNOs + NH3 + HjO 

A 1 + NaOH + H2O —> NaA102 + 3 H 

NaNOj + 8H-> NaOH + NH3 + 2H2O] 

24 . In the following reaction, 

A + 2B + H2O->C + 2 £) 

(A := HNO2, B = H2SO3, C = NH2OH). Identify D. 

[LLX 1999 ] 

[Ans. HNO2 + 2H2SO3 + H2O-> NH2OH + 2H2SO4] 

<A) (B) (O (D) 

25 . (i) Sodium salt of an acid (A) is formed on boiling white 

phosphorus with NaOH solution. 

(ii) On passing chlorine through phosphorus kept ftised 
under water, another acid (B) is formed which on strong 
heating gives metaphosphorus acid. 

(iii) Phosphorus on treatment with cone. HNO3 gives an 
acid (C) which is also formed by the action of dilute 
H2SO4 on powdered phosphorite rock, 

(iv) (A) on treatment with a solution of HgCl2 first gives a 
white precipitate of compound (D) and then a grey 
precipitate of (F). 
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Identify (A) to (E) and write balanced equations for the 
reactions at steps (i) to (iv). [Roorkee 2001] 

[Hint : (i) P4 + 3 NaOH + 3H2O -> SNaHaPOs -1- PH3 

Sodium hypophosphite 

Thus, acid (A) is H3PO2, Le., hypophosphonis acid. 

(ii) 2 P + 3CI2 2PCI3 

arcis + 6H2O-> 2H3PO3 + 6 HC 1 

(B) 

Phosphorus acid 

H3PO3 HPO2 + H2O 

(iii) P4 + 2OHNO3-> 4H3PO4 + 2ONO2 + 4H2O 

(Q 

Orthophosphoric acid 

Ca3(P04)2 + 3H2SO4-> 2H3PO4 + 3CaS04 

(Phosphorite 

rock) 

(iv) H3PO2 + 2H2O-> H3PO4 + 4 H 

2 HgCl 2 + 2 H-> Hg2Cl2 + 2 HC 1 

m 

White ppt. 

Hg2Cl2 + 2 H-> 2 Hg + 2 HC 1 ] 

(£) 

Orey ppt. 


■ Matching Type Questions 


Match the following: 


[A] 

(a) 

Mephitic air 

(i) Phosphorus acid 


(b) 

Laughing gas 

(ii) Hydrazoic acid 


(c) 

Anhydride of HNO3 

(iii) Orthophosphoric acid 


(d) 

Anhydride of HNO2 

(iv) Ammonia 


(e) 

Anhydride of HPO3 

(v) Nitrogen dioxide 


(f) 

Dibasic acid 

(vi) Nitrogen pentoxide 


(g) 

Tribasic acid 

(vii) Phosphorus pentoxide 


(h) 

Acid hydride of nitrogen (viii) Nitrous oxide 


(i) 

Basic hydride of nitrogen 

(ix) Nitrogen 


(j) 

Brown coloured gas 

(x) Nitrogen trioxide 

m 

(a) 

CAN 

(i) Freezing salt 


(b) 

NPK 

(ii) Manufacture of NH3 


(c) 

Ammonium sulphate 

(iii) NH4N03 + CaC03 


(d) 

Nitrolim 

(iv) Arsenious oxide 


(e) 

Ammonium nitrate 

(v) Manufacture of HNO3 


(f) 

Salammoniac 

(vi) NH4N03+(NH4)2S04 


(g) 

Explosive mixture 

(vii) Nangal fertilizer 


(h) 

Haber process 

(viii) Sindri fertilizer 


(i) 

Ostwald’s process 

^) Calcium cyanamide 


(j) 

Poisonous oxide 

(x) Ammonium chloride 


(k) 

Leuna saltpetre 

(xi) Mixed fertilizer 


a) 

Nitrochalk 

(xii) Amatol 



Answers : Subjective Type Questions 

1 . (i) The dissociation energy of nitrogen molecule is very high Le., 

941.4 U mor’. 

(ii) Nitrogen cannot extend its valency from 3 to 5 due to absence 
of <i-orbitals. 

(iii) BiH3 is least stable as Bi is bigger in size in comparison to 
the size of hydrogen. 

(iv) Nitric oxide, 2 NO + O2- > 2NO2 

Colourless Brown 

(v) Nitrous oxide, N2O and nitric oxide, NO 

2 . (i) PCI3 combines with moisture of air and undergoes hydrolysis 

giving fumes of HCL 

PCI3 + 3H2O H3PO3 + 3 HC 1 

(ii) Phosphorus 

(iii) PHJ ion 

(iv) No, Two axial P—Cl bonds are less stable than three equatorial 
P—Cl bonds. This is observed when PCI5 is heated. 

PCI5-> PCI3 + CI2 

(v) White or yellow, red and black. White phosphorus is most 
reactive. 

(vi) Freeze 

3 . (a) Due to hydrogen bonding. 

(b) Due to the presence of odd electron on nitrogen atom. 

(c) Due to the presence of lone pair of electrons on nitrogen atom 
which can be donated. 

(d) NH3 combines with H2SO4 and forms ammonium sulphate, 

(e) Hydrogen bonding in NH3 makes it as an associated 
molecule. 

4 . (a) White phosphorus is more reactive due to higher angular strain 

in its molecule. 


(b) In hydrazine, there is N—N single bond with lone pair of 
electrons on each atom. Due to small size of nitrogen, 
there is considerable repulsion between these non-bonding 
electrons. 

(c) Because of non-availability of ^i-orbitals, nitrogen can not 
accommodate more than 8 electrons in its valence shell and 
therefore, its trihalides cannot be oxidised to pentahalides. 

(d> Nitric oxide is paramagnetic because of the presence of odd 

’Electron, When this electron is lost, is foraied which is 
diamagnetic. 

(e) H3PO3 contains one P—H bond and acts as a reducing agent. 

H3PO4 does not contain P—H bond, 

(i) NH4NO3 (ammonium nitrate); (ii) NH4NO2 (ammonium nitrite); 
(iii) Ca3(P04)2 (calcium phosphate); (iv) NH3 (ammonia); (v) N3H 
(hydrazoic acid); (vi) N2H4 (hydrazine); (vii) (NH4)2S04 
(ammonium sulphate); (viii) NH2OH (hydroxylamine); (ix) N2O 
and NO; (x) H3PO4 (orthophosphoric acid); 

(i) NH4NO3-> N2O + 2H2O 

(ii) NH4NO2- >N2 + 2H2O 

(iii) NH4CI NH3 + HCl 

(iv) NaNOa + NH4CI-^ NH4NO2 + NaCl 

NH4NO2-^ N2 + 2H2O 

NaN02 + NH4CI-> Na + NaCl + 2H2O 

(V) (NH4)2Cr207 ^ No + CraOa + 4 H 2 O 

(vi) 2H3PO4 > H4P2O7 + H2O 

H3PO4 HPO3 -h H2O 


5 . 


6 . 
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4H3PO4 

(vii) 4H3PO3 ■ 

(viii) 2H3PO2 

(ix) ' 2 Cu(N03)2 

(x) 2AgN03 
(i) 2KNO3 + H2SO4 

2HNO3 

[2FeS04 + H2SO4 + O 
[FeS04 + NO 


Red hot 


^ P4O[0 + 6H2P 


3H3PO4 + PH3 
-4 H3PO4 + PH3 
2CuO + 2NO2 + O2 
2Ag + 2NO2 + O2 
2HNO3 + K2SO4 
2NO + H2O + 30 
Fe2{S04)3 + H2O] X 3 
-4 FeS04-NO] X 2 


2KNO3 + 8FeS04 + 4H2SO4 


(ii) 

(iii) 


3 Fe 2 (S 04)3 + 2FeS04N0 + K2SO4 + 4H2O 

. -...Brawn-ring-..—.- 

Mg + 2HNO3-> Mg(N03)2 4 H2 

2 HNO 3 -> H 2 O + 2N0 + 30 

3 Cu + 30 + 6HNO3-> 3Cu(N03)2 + 3H2O 


3Cu + 8HNO3 - 
(iv) 2Pb(N03)2 - 

(V) CUSO4 + 2NH4OH - 
Cu(0H)2 + (NH4)2S04 + 2NH4OH- 


(vi) 


2NH3 + 3Cl2 
6NH3 + 6 HC 1 ■ 


3 Cu(N 03)2 + 2 NO + 4H2O 
2 PbO + 4NO2 + O2 
Cu{0H)2 + (NH4)2S04 
> Cu(NH 3)4S04 + 4H2O 
. N2 + 6Ha 
6NH4CI 


8NH3 + 3CI2 - 
(Excess) 

(vii) NH3 + 3CI2 - 

(Excess) 

(viii) AgCl + NH4OH - 
AgOH + NH4CI + NH40^ - 


■ 6NH4CI + Na 

NCI3 + 3HC1 

AgOH + NH4CI 
^ Ag(NH3)2Cl + 2H2O 


AgCl + 2NH4OH-> Ag(NH3)2Cl + 2H2O 


(be) Ag(NH3)2Cl + 2HNO3- 
(x) 2Ca3(P04)2 Hh 6Si02 " 

P4O10 +■ 10c - 


-4 AgCl 4 * 2NH4NO3 

■*4 (M 3 sSi 03 + P4O10 

-4 loco + P4 


2Ca3(P04)2 + 6Si02 + IOC ■ 


bCaSiOs 4 lOCO + P4 


(xi) CaCNa + 3H2O • 

(xii) Ca3(P04)2 + 4H3PO4 
(xiii) 2NH3 + 3NaOCl ■ 


-4 CaC03 + 2NH3 
-4 3Ca(H2P04)2 
-4 N2 + 3NaCl + 3H2O 


NH3 + NaOCl .— > NH2CI 4 NaOH 


NH3 + NH2CI ■ 
NaOH + HCl 


-4 NH2NH2 4 HCl 
-4 NaCl + H2O 


2NH3 + NaOCl-^ NH2-NH2 + NaCl + H2O 


(xiv) 

8/ (i) 

(ii) 


lOPOCis 


Pt 


4N0 + 6H2O 


P4O10 + 6IK]l5 • 

4NH3 + 5O2 ^ 

750-900'*C 

[HNO3 + 3HC1-^ NOCl + 2H2O + 2C1] X 3 

[Au + 3C1-^ AUCI3] X 2 

[AUCI3 + HCl-> HAUCI4] X 2 


2Au + 3HNO3 4 imci- 


2HA11CI4 + 3 N 0 C 1 + 6H2O 


(iii) Ca3P2 + 6H2O-> 3Ca(OH)2 + 2PH3 

(iv) 2Ca3(P04)2 4 bSiOa-^ 6CaSi03 4 F40|o 

_ F4O1Q 4 IOC-» P4 4 lOCO _ 

2Ca3(P04)2 4 6Si02 4 IOC-^ P4 4 lOCO 4 6CaSi03 

_ [2HNO3-^ NO 4 NO2 4 H2O 4 20] X 5 

P4 4 100 - > F4(^10 

P 4 O 10 + 6 H 2 O -> 4 H 3 PO 4 _ 

P4 4 IOHNO3 4 H2O -> 4H3PO4 4 5N0 4 5NO2 

(vi) m + 2HNO3 —» Zn(N03)2 4 2H] X 4 

HNO3 4 8H-^ NH3 4 3H2O 

HNO3 4 NH3 -> NH4NO3 

4Zn 4 IOHNO3-> 4Zn(N03)24NH4N0343H20 

; (vii).':3CiiS04r4~2PHi'^^^ - 

(viii) • [2HNO3-> H2O 4 2NO2 4 O] X 5 

I2 4 50 --> ^2(^5 

I2O5 4 H2O -> 2HIO3 

I2 4 rOHN03 -> 2HIO3 4 IONO2 4 4H2O 

• (ix) H3PO4 4 2IHNO3 4 12{NH4)2Mo04 ^ 

(NH4)3P04.12Mo03 4 2INH4NO3 4 I2H2O 

(x) Na2HP04 4 MgS04 4 NH4OH-> 

MgNH4P04 4 Na2S04 4 H2O 

(xi) 3Mg + N2-» Mg3N2 3MgO + 2NH3 

(xii) SAgNOs + PH3-> Ag3P + -3HNG3 

(xiii) Ca5(P04)3F + 7H3PO4 + 5H2O —>5Ca(H2P04)2 H20 + HF 
9. (i) CaC2 CaCN2 ^ NH3 . 

(ii) NH4CI + NaN02-> NH4NO2 —^ N2 


(iii) P4 + Ba(0H)2 PH3 , 


^ ^ Digested Heat 

(iv) Bone Ash 4 Cone. H2SO4-> H3ro4- > 

Syrupy mass 


HPO3 


Heat 

Coke 


^P 4 


(v) Zn 4 HN03(Dilute)-> N2O 

(vi) Cu 4 HNOaCConc.)-^ NO2 

(vii) By passing NH3 through 60 % HNO3. 

NH3 4 HNO3 -^ NH4NO3 

Heat Heat _ 

(viu) H3PO4 -> HPO3 -> P4 

Coke 

(ix) H3PO4 HPO3 

(x) Mg + HN03(2%)-> Hydrogen. 

10 . (i) Three; (ii) Four —3 covalent and one coordinate; (iii) -3 and 45; 
(iv) Nitrous acid; (v) Due to intermolecular hydrogen bonding in 
NH3; (vi) NO2; (vii) - 3 , - 2 , - 1 , -i, 0 , + 1 , + 2 , + 3 , + 4 , +5 NH3 
(- 3 ), NH2NH2 (- 2 ), NH2OH (- 1 ), N3H (- 1 ), N2 ( 0 ), N2O (+ 1 ), 
NO ( 42 ), N2O3 (43), N2O4 ( 44 ), N2O5 (45): (viii) one; (ix) yeUow 
or white phosphorus; (x) tetrahedral. 

11 . (i) Bi < Sb < As < P < N 

(ii) NCI3 < PCI3 < ASCI3 < SbCl3 < BiClg 
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(iii) SbH3 < ASH3 < PH3 < NH3 

(iv) BiH3 < SbH3 < ASH3 < PH3 < NH3 

12 . (i) By bubbling through ammonical cuprous chloride in which 

CO is absorbed but not N2. 

(ii) By sublimation, NH4CI sublimes leaving KCl as residue. 

(iii) By bubbling through alkaline solution of pyrogallol in which 
oxygen is absorbed but not N2. 

(iv) By bubbling through H2SO4 when NH3 is absorbed but not 
N2. Ammonia is recovered by heating the solution of 
(NH4)2S04 with excess of NaOH. 

(v) By bubbling through water in which NH3 dissolves but not 
PH3. 

(vi) By bubbling through water under high pressure or through 
-NaOH-Solution on -which. CO-2 -dissolves but_not_N2.. _ 

13 . (i) NH4CI, 

(ii) N2O, 

(iii) Ca(H2P04)2 H20 + 2CaS04;2H20, 

(iv) Ca(H2P04)2, 

(v) Ca(H2P04)2 + 2Ca(N03)2, 

(vi) (NH4)2S04 + NH4NO3, 

(vii) NH4NO3 + CaC03, 

(viii) (NH4)2SG4, 


515 - 

(ix) Ca(N03)2-NH4N03, 

(x) CaCN2 + C. 




(a) 

:n = n=:o:^ 

1 

• • 

III 

1 

:o 

• • 


0 

0 0 


II 

II II 

(b) 

HO—P—OH 

1 

HO—P—0—P—OH 


1 

H 

HO OH 


(H3PO3) 

(H4P2O7) 

(c) 

Single bonds = 12 

Double bonds = 4 


(d) 

Single bonds = 12 



(e) Consult chapter on chemical bonding. 

(f) NH3 (Pyramid^); NH4 (Tetrahedral); N2O (Lihe^); PCI3 
(Pyramidal); PCI5 in gaseous state (Triangular bipyramid); NO3 
(Triangular planar); POl" (Tetrahedral), 

15. See text. 

16. See text. 

Answers : Matching Type Questions 

[A] (a—ix); (b—viii); (c—vi); (d—x); (e—vii); (f—i); (g—iii); 
(h—ii); (i—iv); (j—v). [B] (a—^vii); (b—xi); (c—viii); (d—^ix); 
(e—i); (f—x); (g—xii); (h—ii); (i~v); (j—iv); (k—vi); (1—iii). 


lUUSlWIONS OF OBJECTIVE QUESTIONS 


1 . Ammonium nitrate is formed in : 

(a) Zn + v.dil. HNO3-> (b) Fe + v.dil. HNO3-> 

(c) Sn + dil. HNO3-> (d) All 

Ans. (d) 

[Hint : 4M + IOHNO3 -> 4M(N03)2 + NH4NO3 + 3H2O] 

2 . A diatomic gas will be obtained in : 

(a) KNO3 + K (b) NH4NO3 

(c) both (d) none 

Ans. (a) 

[Hint : 2KNO3 + lOK -> 6K2O + N2; 

NH4NO3-> N2O + 2H2O] 

3 . Consider the following reaction, 

NO2 + NaOH-> (A) + (B) + H2O 

which of the following is correct? 

(a) both (A) and (B) on heating with Na form N2 

(b) both (A) and (B) on treatment with Zn and NaOH produce 
NH3 

(c) both are correct « 

(d) none is correct 
Ans. (c) 

[Hint ; 2NO2 + 2NaOH-> NaN03+ NaN02+ H2O; 

(A) (B) 

2NaN03 + lONa-> 6Na20 + N2; 

NaNOj + 8H NaOH + NH3 + 2H2O ; 

2NaN02 + 6Na-> 4Na20 + N2; 

NaNOj + 6H NaOH + NHj + H2O ] 


4 . Ammonia will be obtained in : 

(a) CaCN2 + H2O -—> (b) NH4H2PO4 

(c) both (d) none 

Ans. (c) 

[Hint : CaCN2 + 3H2O-> CaC03 + 2NH3; 

NH4H2PO4-> NH3 + Iff O3 + H2O] 

5. NaH2P04^5^Na3(P309)-^^^(NaP03)„^ (£») 

compound (D) is : Glassy solid ^ 

(a) Bunsen’s salt (b) Graham’s salt 

(c) Reimann’s salt ' (d) Werner’s salt 

Ans. (b) 

[ 'mi : {D) is sodium hexametaphosphate, (NaP03)6, which is 
called Graham’s salt.] 

6. The compound (SiH3)3N is expected to be : 

(a) pyramidal and more basic than (CH3)3N 

(b) planar and less basic than (CH3)3N 

(c) pyramidal and less basic than (CH3)3N 

(d) planar and more basic than (CH3)3N 
Ans. (b) 

[Hint : (SiH3)3N is planar and less basic than (CH3)3N because 
lone pair of N atom is used to form dit~pK back bonding 
with Si-atom.] 

7 . Which one of the following compounds on strong heating 
evolves ammonia gas? 

(a) (NH4)2Cr207 (b) NH4NO3 

(c) NH4NO2 (d) (NH4)2S04 
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Ans. (d) 

[Hint : (NH4)2Cr207 
NH4NO2- 


—> N2; NH4NO3 

N 2 ; (NH4)2S04 - 


N2O; 

NH3] 


H3PO4-^ 50 !C^ (X) 





600 “C 




(X% (Y) and (Z) am : 

(a) H4P2O7, HPO3 and P4O10 

(b) HPO3, H4P2O7 and P4010 

(c) H4P2O6, H3PO3 and P4O6 

(d) H4P2O6, HPO3 and P4O6 

.Ahsria) ...... 

[Hint : H3PO4 - 250 !^ H4P2O7 HPO3 P4O10 ] 

9 - Solid PCI5 exists as : 

(a) dimer P2CI10 (b) [PCLt]’*’[PClgr 

(c) (PClaKCy (d) PCI5 as- such . 

Ans. (b) 

10 . How many P—O bonds and how many lone pairs 
respectively are present in P4O6 molecule? 

(a) 12,4 (b)8,8 

(c) 12,16 (d) 12,12 

Ans. (c) 

[Hint : The structure of P4O5 is the number of O bonds and 
lone pairs are shown. These are 12 16 respectively.] 



11 . Which of the following metals, Fe, Zn, Pb, Ag and Pt do not 
give metal nitrate on treatment with concentrated HNO3? 

(a) Fe and Zn (b) Fe and Pt 

(c) Pb, Ag and Pt (d) Fe, Ag and Pt 

Ans. (b) 

12 . The correct order of bond angle of NOl, NO2 and NO2 is: 

[J.E.E. (Ori^a) 2006 ; C.B.S.E. 2008 ] 
(a) NO2 < NO2 < NOi (b) NO2 = NOi < NO2 

(c) NOl > NO2 > NOi (d) NOj > NO2 < NOi 

Ans. (c) 

[Hint : 180 ^ 

:o^A^o: ii5” 

^jjr ,.'o: __ 

13 . Which of the following halides is most acidic? 

(a) PCI3 (b) SbCls 

(c) BiCl3 (d) CCI4 

Ans. (a) 

[Hint : In CCI4, carbon atom does not have d>orbitals to 
accommodate a lone pair of electrons and hence is not a 
Lewis acid. In PCI3, SbCl3 and BiCl3 central atom has 
empty ^-orbitals in each case but electronegativity of P is 
maximum, hence PCI3 is strongest acid.] 

14 . Among the following ions, pn- dn overlap is present in: 

(a) NOi (b) POl^ 

(c)CO|- (d)NOi 

Ans. (b) 






Elements of Group VA or 15 (Elements of Nitrogen and Phosphorus Family) 


5t7 


OBJGGTIVe QUeSTIONS 


Set I : This set contains questions with single correct answer. 
L Which one of the following pairs is obtained on heating 


ammonium dichiomate? [J.E.E* (W,Bd 2 tK)S] 

(a) N2 and H2O □ (b) N2O and H2O □ 

(c) NO2 and H2O □ (d) NO and NO2 □ 

2 By mixing ammonium chloride to potassium nitrite and 
heating, we get: 

(a) ammonium nitrate □ (b) KNH4(N03)2 □ 

(c) nitrogen □ (d) nitrogen dioxide □ 

3 . The salt which on heating gives a mixture of two gases is: 

(a) NaNOs □ (b) KNO3 □ 

(c) Pb(N03)2 □ (d) NH4NO3 □ 

4 Atomicity of phosphorus is: 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

5 . Superphosphate of lime is: 

(a) Ca3(P04)2-CaS04 □ 

(b) Ca(H 2 P 04)2 □ 

(c) Ca(H2P04)2 CaS04 □ 

(d) Ca(H2P04)2 H20.2CaS04*2H20 □ 

6. Laughing gas is: 

(a) NO □(b) N2O □ 

(c) N2O3 □ (d) N20g □ 

7 . Nitrous oxide is prepared in the laboratory by: 

(a) combination of nitrogen and oxygen □ 

(b) reduction of NO □ 

(c) reduction of nitric acid □ 

(d) thermal decomposition of NH4NO3 □ 

8. Ammonia is not used: 

(a) an anaesthesia □ 

(b) in medicine □ 

(c) in cold storages □ 

(d) for preparation of artificial silk □ 

9 . Which one of the following is used for drying of ammonia? 

(a) cone. H2SO4 □ (b) CaO □ 

(c) P20g □ (d) anhydrous CaCl2 □ 

10 . Phosphorus is kept in: 

(a) kerosene □ (b) alcohol □ 

(c) water □ (d) ammonia □ 

11 . A hydride of nitrogen which is acidic in nature: 

(a) N3H □ (b) N2H4 □ 

(c) NH3 □ (d) N4H4 □ 

12 . Which one of the following is not used for the manufacture 
of ammonia? 

(a) Haber process □ 

(b) Cyanamide process □ 

(c) Ammonical mother hquor □ 

(d) Solvay ammonia process □ 


13 . It is recommended that ammonia bottles be opened after 
cooling in ice for sometime. This is because: 


(a) it brings tears to eyes □ 

(b) it has high vapour pressure □ 

(c) it is corrosive liquid □ 

(d) it is mild explosive □ 

14 . Which one of the following oxides of nitrogen is a coloured 
gas? 

(a) N2O2 □ (b) NO2 □ 

(c) NO □ (d) N2O □ 

15 . Which one of the following is not an acid salt? —- 

(a) NaH2P02 □ (b) NaH2p03 □ 

(c) NaH2P04 □ (d) Na2HP04 □ 

16 . Ammonia reacts with Nessler’s reagent to give: 

(a) deep blue precipitate □ (b) white precipitate □ 
(c) green precipitate □ (d) brown precipitate 

17 . Silver chloride dissolves in excess of NH4OH. The cation 
present in solution is: 

(a) Ag^ □ (b) [Ag(NH3)4]^ □ 

(c) [Ag(NH3)2]^ □ (d) [Ag(NH3)6f □ 

18 . When NH4OH is added to copper sulphate solution, blue 
colour is obtained due to formation of: 

(a) Cu(NH 3)4S04 □ (b) Cu(NH4S04)2 □ 

(c) Cu(OH) 2 □ (d) CuO □ 

19 . By adding of P2O5 to HNO3: 

(a) precipitate of yellow colour is formed □ 

(b) phosphorus gets free □ 

(c) oxide of nitrogen is formed □ 

(d) ammonia is evolved □ 

20 . Phosphorus is manufactured by heating in an electric furnace 
the mixture of: 

(a) bone ash and coke D 

(b) bone ash and silica □ 

(c) bone ash, silica and coke □ 

(d) bone ash, NaCl and coke □ 

21 . Which one of the compound is not known? 

(a) NQg □ (b) PQs □ 

(c) AsClg □ (d) Na3 □ 

22 . Nitrolim is obtained by passing nitrogen over: 

(a) heated mixture of AI2O3 and carbon □ 

(b) carborundum □ 

(c) calcium carbide □ (d) heated aluminium □ 

23 . The largest bond angle is in: 

(a) ASH3 □ (b) NH3 □ 

(c) H2O □ (d) PH3 □ 

24 . A certain element forms a solid oxide which dissolves in 
water to form an acidic solution. The element is: 

(a) S □ (b) Mg □ 

(c) Na □ (d) P □ 

25 . A colourless gas X forms a brown coloured gas when mixed 
with air. The gas X is: 

(a) NH3 □ (b) NO □ 

(c) N2O □ (d) NO2 □ 
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26 . Which one of the following is used as anaesthetic? 

(a) NH3 □ (b) N2O □ 

(c) NO □ (d) NO2 □ 

Tl. The catalyst used in the manufacture of ammonia by Haber 
process is: 

(a) Pt . □ . (b) Fe □ 

(c) Mo □ (d)V205 □ 

28 . The catalyst used in the manufacture of NO by Ostwald’s 
process is: 

' (a) Pt □ (b) Fe □ 

(c) Mo □' (d) Cu □ 

29 . The correct order of acidic nature of oxides is : 

(a) N2O5 < N2O3 < NO2 < NO < N2O □ 

(b) N2O < NO < N2O3 < NO2 < N2O5 □ 

(c) N2O5 < N2O < N2O3 < NO < NO2 □ 

(d) NO < N2O < N2O3 < NO2 < N2O5 □ 

30 . Nitrogen dioxide cannot be obtained by heating: 

(a) KNO3 □ (b) Pb(N03)2 □ 

(c) Ga(N03)2 □ (d) AgN03 □ 

31 . Ammonia solution dissolves fairly: 

(a) Hg2a2 □ (b) PbCl2 □ 

(c) Agl □ (d) Cu(OH)2 ^ □ 

32 . When ammonia is heated with CO2 under pressure, the 
product is: 

(a) (NH4)2C03 □ (b)NH2CONH2 □ 

(c) NH2COONH4 □ (d) NH4HCO3 □ 

33 . The percentage of nitrogen in urea is about: 

(a) 70 □ (b )63 □ 

(c) 47 □ (d) 28 □ 

34 . A white precipitate is obtained on hydrolysis of: 

(a) PQs □ (b) Na3 □ 

(c) BiCl3 □ (d) ASCI3 □ 

35 . Industrial preparation of nitric acid by ostwald’s process 
involves : 

(a) oxidation of NH3 □ (b) reduction of NH3 □ 

(c) hydrogenation of NH3D (d) hydrolysis of NH3 □ 

36 . When treated with nitric acid which of the following liberates 
hydrogen? 

(a) zinc □ (b) copper □ 

(c) magnesium □ (d) mercury □ 

37 . Concentrated nitric acid oxidises cane sugar to: 

(a) CO2 and H2O □ (b) CO and H2O □ 


(c) CO, CO2 and H2O □ (d) oxalic acid and water □ 
38 . White phosphorus reacts with caustic soda. The products 
are PH3 and NaH2P02. This reaction is an example of: 


[B.H.U. 2007 ] 

(a) oxidation □ (b) reduction □ 

(c) neutralisation □ (d) disproportionation □ 

39 . White phosphorus may be removed from red phosphorus by: 

(a) sublimation □ (b) distillation □ 

(c) dissolving in CS2 □ (d) heating in air □ 

40 . Which one of the acids is a dibasic acid? 

fRE,X (Kerala) 2010 J 

□ (b) H3PO2 □ 

□ (d)H 3 P 04 □ 
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41 . Amongst the trihahdes of nitrogen, which one is least basic? 


(a) NF3 □ (b) Na3 □ 

(c) NBr3 □ (d)Nl3 □ 

42 . Which one of the following is the strongest base? 

(a) AsH 3 □ (b) SbH3 □ 

(c) PH3 □ (d) NH3 □ 

43 . Skin becomes yellow in cone. HNO3 because: 

(a) the proteins are converted into xanthoproteins □ 

(b) HNO3 acts as a dehydrating agent 

(c) nitrocellulose is formed □ 

(d) HNO3 acts as an oxidising agent □ 

44 . The number of P-^—P and P—OH bonds present 
respectively in pyrophosphoric acid molecule are : 

- (a)-2,-2- - -(b) 4,-8 -- 

(c) 1,4 □ (d) 1,2 □ 

45 . Nitrates of all metals are: 

(a) insoluble in water □ (b) soluble in water □ 

(c) unstable □ (d) coloured □ 

46 . A gaseous mixture contains O2 and N2 in the ratio of 1:4 by-^ 
mass. The ratio of their molecules is: 

(a) 1 : 4 □ (b) 1 : 8 □ 

(c) 3 : 6 □ (d) 7 : 32 □ 

47 . Which of the following wiU combine with Fe (II) ion to form 
a brown complex compound? 

(a) N2O □ (b) NO □ 

(c) N2O3 □ (d) NO2 □ 

48 . Red phosphorus is made by heating yellow phosphorus in 
the presence of an inert gas at temperature: 

(a) 60 °C □ (b) 200 °C □ 

(c) 240 °C □ (d) 100 °C □ 

49 . Phosphorus is used in: 

(a) photography □ (b) cement industry □ 

(c) lubber industry □ (d) match industry □ 

50 . When phosphine is bubbled through a solution of silver 

nitrate,.is precipitated. 

(a) silver □ (b) silver phosphide □ 

(c) silver oxide □ (d) none of these □ 

51 . When orthophosphoric acid is heated at 240 °C, the main 
product formed is: 

(a) HPO3 □ (b) H3PO2 □ 

(c) H3PO3 □ (d) H4P2O7 □ 

52 . Complete manure is that which supphes: 

(a) S, K and N □ (b) N, K and P □ 

(c) SandN □ (d) S, N and P □ 

53 . Superphosphate of lime is obtained by treating: 

(a) calcium phosphate with HCl □ 

(b) calcium phosphide with HCl □ 

(c) calcium phosphate with H2SO4 □ 

(d) calcium phosphate with NaOH □ 

54 . PH3 produces smoky rings when it comes in contact with 
air. This is because: 

(a) it is inflammable □ 

(b) it combines with water vapour □ 

(c) it combines with nitrogen □ 

(d) it contains impurity of P2H4 □ 


(a) H3PO3 
(c) HPO3 





Elements of Group VA or 15 (Eleme nts of Nitrogen and Phos phorus Family) 


55 . The metal which becomes passive in contact with cone. 


HN03is: 

(a) copper □ (b) aluminium □ 

(c) zinc □ (d) silver □ 

56 . Which gas is obtained when urea reacts with nitrous acid? 

(a) N2 □ (b) no □ 

(c)N 20 D (d)N 02 □ 

57 . Nitrogen percentage is the highest in the fertilizer: 

(a) ammonium sulphate □ (b) CAN □ 

(c) urea □ (d) calcium cyanamide □ 

58 . When zinc reacts with very dilute nitric acid it produces: 

(a) NH4NO3 □ (b) NO □ 

(c)N 02 □ (d)H2 □ 

59 . Which of the foUowing-properties-of white phosphorus are 
sharcd by red phosphorus? 

(a) It phosphorescences in air □ 

(b) It bums when heated in air - □ 

(c) It dissolves in CS2 □ 

(d) It reacts with NaOH to give PH3 □ 

60 . The number of P-^ 0 —P bridges in the structure of P4O10 
and P4O6 are respectively : 

(a) 5,5 □ (b) 5,6 □ 

(c)6,6 □ (d) 6,5 □ 

61 . Arsenic is detected by: 

(a) ring test □ (b) Lucas test □ 

^ (c) lake test □ (d) Marsh test □ 

62 . Nitrogen molecule is chemically less active because of its: 

(a) small atomic energy □ 

(b) high dissociation energy □ 

(c) high electronegativity □ 

(d) stable electronic configuration □ 

63 following statements is not true? 

(a) Nitrogen differs markedl/ ftom the other members of its 

family □ 

(b) Nitrogen has five valency electrons □ 

(c) Nitrogen does not show a greater covalency than three 

□ 

(d) Nitrogen shows great stability as a ft’ee element □ 

64 . Liquid anunonia is used in refrigerators because: 

(a) it has high dipole moment □ 

(b) it has high solubility in water □ 

(c) of its basicity □ 

(d) it has high heat of evaporation □ 

65 . The yellow colour often shown by nitric acid can be 
removed by: 

(a) bubbling air through the warm acid □ 

(b) boiling the acid □ 

(c) passing ammonia through acid □ 

(d) adding a little Mg powder □ 

66. One mole of which of the following acids neutralises the least 
number of moles of KOH? 

(a) H3PO4 □ (b) H4P2O7 □ 

(c) H3PO3 □ (d) H3PO2 □ 

67 . Aqua-regia is: 

(a) cone. HNO3 + 2 cone. HCl □ 

(b) cone. HNO3 + 3 cone. HCl □ 


68 . 


69 . 

70 . 


_: 7 L 


72 . 


73 . 


74 . 


75 . 


76 . 

77 , 


78 , 


79 . 


80 . 
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(c) cone. HNO3 + NO2 □ 

(d) cone. HNO3 + cone, H2SO4 □ 

The number of steps, in which orthophosphoric acid is 
ionised, are: 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

Phosphorus is usually extracted firom: 

(a) phosphorite □ (b) apatite □ 

(c) cWorapatite □ (d) triphylite □ 

PCI5 is kept in weU stoppered bottles because: 

(a) it is highly volatile □ 

(b) it reacts readily with moisture □ 

(c) it reacts with oxygen □ (d) it is explosive □ 

The anhydride of H3PO4 i^: _ _ _ _ 

(a)P203 □ (b)P204 □ 

(C)P 205 □ (d)P 03 □ 

Phosphate + cone. HNO3 + (NH4)2Mo04 soln,- > Yellow 

precipitate. The composition of yellow precipitate is: 

(a) (NH4)3P04-MoQ3 . ^ . O (b) (NH4)3P04T2MoQ3 „ Q 

(c) CNH4)2P04-12Mo03 □ (d) NH4P04-Mo03 □ 

Which one of the materials is not used as a fertilizer of 
phosphorus? 

(a) Superphosphate of lime □ 

(b) Phosphatic slag □ 

(c) Guano □ 

(d) Phosphorite mineral □ 

Which one of the following statements is wrong? 

(a) Ammonia is more poisonous than phosphine □ 

(b) Ammonia is more basic than phosphine □ 

(c) Ammonia is more stable than phosphine □ 

(d) Ammonia is more soluble in water than phosphine □ 
One of the acids listed below is formed from P2O3 and the 
rest are formed from P2O5. The acid formed from P2O3 is: 

(a) HPO3 □ (b) H4P2O7 □ 

(c) H3PO4 □ (d) H3PO3 □ 

Concentrated nitric acid reacts with iodine to give: 

(a) HI □ (b) HOI □ 

(c) HOIO2 □ (d) HOIO3 □ 

Addition of cone. HNO3 to cone. H2SO4 gives : 

(a) S04“ □ (b) SO3 □ 

(c) NO3 □ (d) NO^ □ 

[Hint : HNO3 + H2SO4-> NC^ + HSOi + H2O] 

The reaction between NH2 and N2O gives : 

(a) m □ (b) N2O5 □ 

(c) NH2NH2 □ (d) N3” □ 

[Hmt: NH2 + N2O-> N3 + H2O 

NaNHa + H2O-> NaOH + NH3] 


Red phosphorus is less reactive than yellow phosphorus 


because: 

(a) its colour is red □ 

(b) it is highly polymerised □ 

(c) it is tetratomic D 

(d) it is hard Q 


Which of the following oxides of nitrogen is the anhydride 
of nitrous acid?' 
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81 . 


82 . 


83 . 

84 . 


85 . 


(a) NO □ (b) N2O3 □ 

(c) N2O4 □ (d) N2O5 □ 

Which of the following trihalide cannot be hydrolysed? 

(a) PF3 □ (b) PQa □ 

(c) ASCI3 • ■ □ (d) SbQa □ 

(Hint : PF3 because P —bond is stronger than P—O bond.] 
The number of vacant orbitals in the valence shell of phos¬ 
phorus is : 

(a) 5 □ (b) 3 □ 

(c) 2 □ (d) 0 □ 

|Hint : 5 d-orbitals] 

Which of the following is not a base? 

(a) N3H D (b) N2H4 □ 

(c) NH2OH □ (d)_(CH3)3N . □ 

One mole of calcium phosphide on reaction with excess of 
water gives: 

(a) one mole of phosphine □ 

(b) two moles of phosphoric acid □ 

(c) two moles of phosphorus pentoxide □ 

(d) two moles of phosphine □ 

The number of nitrogen to oxygen bonds in N2O5 is ; 

(a) 3 □ (b) 4 □ 

(c) 5 □ (d) 6 V □ 


V 

[Hint : ^ 


0 


4 


N ^ O 


N. 


5 /^ 

K' 


86. Which one of the following cations does not form complex 


with ammonia? 

(a) Ag* □ (b) Cu^-' □ 

(c) Cd^* □ (d) Pb^+ □ 

87 . When concentrated nitric acid is heated, it decomposes to 
give: 

(a) oxygen nitrogen □ 

(b) nitric oxide □ 

(c) oxygen □ 

(d) nitrogen dioxide and oxygen □ 

88. In P4O10, the number of oxygen atoms bonded to each 

phosphorus atom is: 

(a) 2.5 □ (b) 3 □ 

(c) 4 □ (d) 5 □ 

89 . When bismuth chloride is poured into a large volume of 
water, the white precipitate produced is: 

(a) Bi(OH)3 □ (b) Bi203 □ 

(c) BiaQg □ (d) BiOa □ 

90 . Which of the following elements is metallic? 

(a) P □ (b) As □ 

(c) Sb □ (d) Bi □ 

91 . WTiich one has the lowest boiling point? 

(a) NH3 □ (b) PH3 □ 

(c) ASH3 □ (d) SbH3 □ 

91 The most stable hydride is: 

(a) NH3 □ (b) PH3 □ 

(c) ASH3 □ (d) SbH3 □ j 

93 . Wliich is most explosive? I 

(a) NQs □ (b) Pa3 □ j 

(c) AsQs □ (d) aU □ ^ 


94 . WTiich of the following fluorides does not exist? 

(a) NF5 □ (b) PF5 □ 

(c) AsFs □ (d) SbFs □ 

95 . When ammonia is p^sed over heated CuO, it is oxidised to: 

(a) HNO2 □ (b) N2O □ 

(c) N2 □ (d) NO2 □ 

96 . The CN” ion and N2 are isoelectronic. But in contrast to 
CN”, Na is chemically inert because of: 

(a) low bond energy □ 

(b) absence of bond polarity □ 

(c) unsymmetrical electron distribution □ 

(d) presence of more number of el^trons in bonding 

orbitals □ 

97. - Nitrogen dioxide-is released on-heating:-- 

(a) NH4NO3 □ (b) KNO3 □ 

(c) NaNOa □ (d) Pb(N03)2 □ 

98 . WTdch oxide does not act as a reducing agent? 

(a) NO □ (b) NO2 □ 

(c) N2O □ (d^ NaOs □- 


99 . Of the following, which has three electron bond in its 
structure? 

(a) Nitrous oxide □ (b) Dinitrogen trioxide □ 

(c) Nitric oxide □ (d) Nitrogen pentoxide □ 

100 . When AgN03 is heated strongly, the products formed are: 


(a) NO and NOa □ (b) NO2 and N2O □ 

(c) NO2 and O2 □ (d) NO and O2 □ 

101 . Aqueous solution of ammonia consists of: 

(a) iT □ (b) OH" □ 

(c) NH4 □ (d) NH4 and OIT □ 

102 . Each of the following is true of white and red phosphorus 
except: 

(a) both are soluble in CSa □ 

(b) consist of same kind of atoms □ 

(c) can be oxidised by heating in air □ 

(d) can be converted to one another □ 

103 . NH3 has much higher boiling point than PH3, because: 

(a) NH3 has much higher molecular mass □ 

(b) NH3 forms hydrogen bonds □ 

(c) NH3 contains ionic bonds while PH3 contains covalent 

bonds □ 

(d) NH3 undergoes umbrella inversion □ 

104 . PCI3 reacts with water to form: 

{a)PH3 □ (b) H3P03andHa □ 

(c)PCa3 □ (d)H3P04 □ 


105 , By the action of cone. H2SO4, phosphorus changes to: 

(a) phosphonis acid □ (b) metaphosphoric acid □ 

(c) orthophosphoric acid □ (d) pyrophosphoric acid □ 


106 . Mixture used in Holme’s signal is: 

(a) CaC2 and CaCl2 □ (b) CaCl2 and Ca3P2 □ 

(c) CaCa and Ca3N2 □ (d) CaC2 and Ca3P2 □ 

107 . Blasting of TNT is done by mixing: 

(a)NH4a □ (b)NH 4 N 03 □ 

(c)NH 4NC^ □ (d)(NH 4 ) 2 S 04 □ 


1 (^. Among the oxyacids given below, the correct decreasing 
order of acid strength is : 

(i)H3As04 {ii)H3SK)4 {m)HN 03 (iv)H3P04 





Elements of Group VA or 15 {Elements of Nitrogen and Phosphorus Family) 


(a) (iv) > (iii) > (ii) > (i) □ (b) (iii) > (iv) > (i) > (ii) □ 
(c) (iii) > (ii) > (iv) > (i) □ (d) (iii) > (i) > (ii) > (iv) □ 


109 . Among the following oxides, the lowest acidic is: 

(alPaOfi □ (b)P40io □ 

(c) AS4O6 □ (d) AS4O10 □ 

110 . The basic character of the hydrides of Vth group elements 
decreases in the order: 

(a) NH3 > PHa > AsHa > SbHa □ 

(b) SbHa > AsHa > PH3 > NHa □ 

(c) NHa > SbHa > PHa > AsHa □ 

(d) SbHa > PHa > AsHa > NHa □ 

111 . Solid PCI5 exists as : 

(a) lPCl4r[PCld- □ _(b)diiiKrP2Clio_ □ 

(c) [PClalLCy □ (d) PCI5 as such □ 

112 . Which of the following species is paramagnetic? 

(a) of” □ (b)NO □ 

(c)CX) □ (d)Cbr □ 

113 . The BCI3 is a planar molecule whereas, NCI3 is pyramidal 
because: 

(a) N—Cl bond is more covalent than B—Cl bond □ 

(b) B—Cl bond is more polar than N—Cl bond □ 

(c) nitrogen atom is smaller than boron □ 


(d) BCI3 has no lone pair but NCI3 has a lone pair of electron 

□ 

114 . Nitrogen can be purified from the impurities of oxides of 
nitrogen and ammonia by passing through: 


(a) a solution of K2Cr207 acidified with H2SO4 □ 

(b) concentoted HCl □ 

(c) alkaline solution of pyrogallol □ 

(d) a solution of KOH □ 

115 . In white phosphorus (P4) molecule which one is not correct? 

(a) Six P—P single bonds are present □ 

(b) Four P—P single bonds are present □ 

(c) Four lone pairs of electron are present □ 

(d) P P P bond angle is 60 ° □ 

116 . Which of the following is the correct statement for PH3? 

(a) It is less basic than NH3 □ 

(b) It is less poisonous than NH3 □ 

(c) Electronegativity of PH3 is greater than NH3 □ 

(d) It does not show reducing properties □ 

117 . The number of P—O—^P bonds in cyclic raetaphosphoric 
acid is: 

(a) zero □ (b) two □ 

(c) three □ (d) four □ 

118 . The hybridization of atomic orbitals of nitrogen in NO2, NO J 

and NHj are: [LIX (S) 2000 ] 

(a) sp, sp and sp respectively □ 

2 3 n 

(b) sp, sp and sp respectively □ 

2 3 

(c) sp , sp and sp respectively □ 

(d) sp , sp and sp respectively □ 

119 . Ammonia can be dried by: [ 1 .IX (S) 2 W )01 

(a) cone, H2SO4 □ (b) P4O10 □ 


(c) (M) □ (d) anhydrous Ca02 □ 


120 . 


121 . 


122 . 


123 . 


124 , 


A imtal X on heating in nitrogen gas gives K F on treatment 
with H2O gives a colourless gas which when passed through 
CUSO4 solution gives a blue colour. F is: [D.C.E. 2000 ] 

(a)Mg(N03)2 □ (b)Mg3N2 □ 

(c)NH 3 □ (d)MgO □ 

In which of the following the bond angle is maximum? 

[C.B.S.E. 2001 ] 

(a) NH3 □ (b) NHj □ 

(c) Pa3 □ (d) 802 □ 

Nitrogen forms N2 but phosphorus is converted into P4 from 
P2. The reason for this is: [C.B.S.E. 2001 ] 

(a) triple bond is present between phosphorus atoms □ 

(b) pK-pit bonding is weak □ 

(c) p7t“pit bonding is Strong □ 

(d) multiple bond is formed easily □ 

In NO3 ion, the number of bond pair and lone pair of 
electrons on nitrogen atoms are: 

[CMSM. 2002 ; AiFM.C. 2 /mil 
(a) 2,2 □ (b) 3,1 □ 

(c)l ,3 □ (d) 4,0 □ 

A pale blue liquid which is obtained by reacting equimolar 


mixture of two gases at < 
(a) N2O3 
(c) N2O4 


- 30 °C is: 

□ (b) N2O 

□ (d)N205 


[LLT 2008] 
□ 
□ 


[Hint 


NO + NO 2 - N 2 O 3 (Pale blue)] 


125 . 


m. 


127 . 


128 . 


129 . 


The element which forms oxides in all the oxidation states 
from 4-1 to -fS, is: [A.IJ,M.S. 2004 ] 

(a) N □ (b) P □ 

(c) As □ (d) Sb □ 

(NH4)2Cr207 on heating liberates a gas. The same gas will 
be obtained by : [LLT. 2004 ] 

(a) heating NH4NO2 □ 

(b) heating NH4NO3 □ 

(c) treating Mg3N2 with H2O □ 

(d) heating H2O2 on NaN02 □ 

Which one of the following oxides of nitrogen is solid? 

[A.F.M.C- im] 

(a)N02 □ (b)N20 □ 

(c) N2O3 • □ (d) N2O5 □ 

In the electrothermal process, the compound displaced by 
silica from calcium phosphate is : [C.E.T. (Karnataka) 2 M 4 ] 

(a) calcium phosphide □ 

(b) phosphine □ 

(c) phosphorus □ 

(d) phosphorus pentoxide □ 

N2 forms NCI3 whereas P can fonn both PCi3 and PCi5. 

Why? [J.E.E. (Orissa) 2004 ) 

(a) P has d-orbitals which can be used for bonding but N2 

does not have □ 

(b) N atom is larger than P in size □ 

(c) P is more reactive towards Cl than N □ 

(d) None of the above □ 
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130. Which is used to produce smoke screens? [A.F.M.C. 2005] 

(a) Zinc sulphide □ (b) Calcium phosphide □ 

(c) Zinc phosphide □ (d) Sodium carbonate □ 

131. The percentage of p-character in the orbitals forming P-P 

bonds in P 4 is: [LLT. 2007] 

(a) 25 □ (b) 33 □ 

(c) 50 □ (d) 75 □ 

132. Which of the following is the correct order of increasing 

enthalpy of vaporisation? [P.M.T, (Kerala) 2007] 

(a) NH 3 <PH 3 <AsH 3 □ (b) AsHj < PH 3 < NH 3 □ 

(c) PH 3 <AsH 3 <NH 3 □ (d) NH 3 < AsHa < PH 3 □ 

(e) AsHa < NH 3 < PH 3 □ 

133. Chlorine reacts with excess of ammonia to form: 

[P.M.T. (Kerala) 2007] 

(a)NH 4 a □ (b)N 2 + HCl □ 

(c)N2 + NH4a □ (d)N2 + NCl3 □ 

(e)NCl 3 + HCl □ 

134. The following are some statements related to VA group 
hydrides, 

(i) Reducing property increases from NH 3 to BiHa 

(ii) Tendency to donate lone pair decreases from NH 3 to 
BiH 3 

(iii) Thermal stability of hydrides decreases from NH 3 to 
BiHa 

(iv) Bond angle decreases from NH 3 to BiHa 

The correct statements are: [EA.M.C.E.T. (Engg.) 2007] 

. (a)(i),(ii),(iii)and(iv) □ (b) (i), (iii) and (iv) □ 

(c) (i), (ii) and (iv) □ (d) (i) and (iv) □ 

135. Which is in the decreasing order of boiling points of 

V group hydrides? ■ [E.A.M.C.E.T. (Med.) 2007] 

(a) NH 3 > PH 3 > ASH 3 > SbHa □ 

(b) SbHa > ASH 3 > PH 3 > NH 3 □ 

(c) PH 3 > NH 3 > AsHa > SbHa □ 

(d) SbHa > NHa > AsHj > PH 3 □ 

136. N 2 O is isoelectronic with CO 2 and N^, which is the structure 

ofNaO? [J.E.E. (Orissa) 2007] 


/0\ 

(a)N/ 


□ (b)N—O—N 


□ 


□ 


(c) N'' □ (d) N—N—0 

137. The hybridization state of the central atom in PCI 5 is: 

[D.C.E. (Engg.) 2007] 

{&)sp^d □ (h)spV □ 

(c) sp^ □ (d) hp^ □ 

138. Q—^P—Cl bond angles in PCI 5 molecule are: 

[V.LT.E.E.E.2008] 

(a) 120“ and 90° □ (b) 60“ and 90“ □ 

(c) 60” and 120 “ □ (d) 120 “ and 30” □ 

139. Bond angl es of NH 3 , PH 3 , AsHa and SbHa are in the order: 

[J.E.E, (Orissa) 2008] 

(a) PHa > AsHa > SbHa > NH 3 □ 

(b) SbHa > AsHa > PH 3 > NH 3 - □ 

(c) SbHa > AsHa > NH 3 > PH 3 □ 

(d) NH 3 > PHa > AsHa > SbHa □ 


140 . Match List-I with List-II and select the correct answer: 

[J.E.E. (Orissa) 2008 ] 
List-I List-n 

(Molecules) (Boiling points) 

(A) NHa ( 1 ) 290 K 

(B) PHa ( 2 ) 21 IK 

(Q AsHa ( 3 ) 186 K 

. (D) SbHa ( 4 ) 264 K 

(E) BiHa ( 5 ) 240 K 

(a) A- 3 , B- 2 , C- 5 , D- 4 , E -1 □ 

(b) A- 5 , B- 3 , C- 2 , D- 4 , E -1 □ 

(c) A-1, B- 4 , C- 5 , D- 2 , E -3 □ 

(d) A-l,B- 2 ,G- 3 ,I>- 4 , E -5 □ 

141 . Phosphine, acetylene and ammonia can- be formed—by- 

treating water with: [J.E.E. (Orissa) 2008 ] 

(a) Mg3P2,Al4C3.Li3N - □ 

(b) Ca3P2,CaC2,Mg3N2 □ 

(c) Ca3P2,CaC2,CaCN2 • ' □ 

(d) CaaP2,Mg2C,NH4NOa ■ -El 

142 . The number of P—O bonds and lone pair of electrons 
present in P4O6 molecule are, respectively: 

[E.A.M.C.E.T. 2008 ] 

(a) 12,16 □ (b) 12,12 □ 

(c)8,8 □ (d) 12,4 □ 

143 . Hydrolysis of NCI3 gives NHa and X. Which of the following 

is X? [A.F.M.C. 2008 ] 

(a)Ha 04 □ (b)Ha 03 □ 

(c)Hao □ (d)Ha02 □ 

144 . The shape of PCI3 molecule is: [A.F.M.C. 2008 ] 

(a) trigonal bipyramidal □ (b) tetrahedral □ 

(c) pyramidal □ (d) square planar □ 

145 . Which of the following is not correct? [C.P.M.T. 2008 ] 

(a) Hydrolysis of NCI3 gives NHa and HCIO □ 

(b) NHa is less stable than PHa □ 

(c) NHa is a weak reducing agent compared to PHa □ 

(d) Nitric oxide in solid state exhibits diamagnetic property 

□ 

146 . The atomicity of phosphorus is X and the PPP bond angle 

is Y. What are X and F? [D.C.E. (Engg.) 2008 ] 

(a)X = 4 , T = 90 “ □ (b)X = 4 ,y = 60 ” □ 

(c)X= 3 ,y= 120 “ □ (d)X = 2 ,F= 180 ” □ 

147 . The reaction of P4 with X leads selectively to P4O6. The X 

is : [LLT. 2009 ] 


(a) a dry O2 

□ 

(b) a mixture of O2 and N2 

□ 

(c) moist O2 

□ 

(d) O2 in presence of aqueous NaOH 

□ 

[Hint : N2 prevents the further reaction of P4O6 

into P4O10.] 


148 . Atoms in P4 molecule of white phosphorus are arranged 
regularly in the following way : [J.E.E. (W.B.) 2009 ] 

(a) at the comers of a cube □ 

(b) at the comers of an octahedron □ 

(c) at the comers of a tetrahedron □ 

(d) at the centre and comers of a tetrahedron □ 
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149. Correct order of bond angles for the following is : 

(Orissa) 2009] 

(a)NH3>PCl3>BCl3 □ (b)BCl3>NH3>PCl3 □ 

(c) BCI 3 > PCI 3 > NH 3 □ (d) PCI 3 > BCI 3 > NH 3 □ 

150. The reaction of elemental P 4 in aqueous NaOH gives : 

[J*E.E. (Oifea) 2009] 

(a) PH 3 , NaH 2 P 02 □ (b) PH 3 ,Na 3 P 04 □ 

(c)NaH2P04,Na3P04 □ (d) NasP Na3P04 □ 

151. How many bridging oxygen-atoms are piesent in P 40 io‘? 

[C.B.S*E. (PMX) 2010] 

Setn : The following questions may have more than 01 


153 . Nitrogen (I) oxide is produced by: 

(a) therraS (^composition of ammonium nitrate □ 

(b) disproportionation of N2O4 .□ 

(c) themial decomposition of ammonium nitrite □ 

(d) interaction of hydroxylamine and nitrous acid □ 

154 . Ammonia on reaction with hypochlorite anion can form : 

[ITT 1999 ] 

(a)M) □ (b)NH4a □ 

(c)N2 H2 □ (d)HN 02 □ 

155 . Which of the following metals become passive when 
dropp^lnto cone. HNO3? 

(a)Cu □ (b)Fe □ 

(c)Cr □ (d)Al □ 

156 . [LI.T. 1998 ] 

(a) six P—^P single bonds □ 

(b) four P—P single bonds □ 

(c) four lone pairs of electrons □ 

(d) PPPangleof 60 ^ □ 

157 . Which of the following substances are used as fertilizers? 

(a) Nitrolim ■ □ 

(b) Urea □ 

(c) Suf^rphosphate of lime ^ □ 

(d) Phosphorite mineral □ 

158 . Which elements of group 15 are metalloids? 

(a)P □ (b)As □ 

(c) Sb □ (d) Bi □ 

159 . The metals which produce hydrogen only with very dilute 
nitric acid are: 

(a) Zn □ (b) Sn □ 

(c) Mg □ (d) Mn □ 


(a) 6 □ (b) 4 □ 

(c) 2 □ (d) 5 □ 

152 . Phosphine can be prepared by the reaction of water with : 

[A.M.U. (Engg.) 2010] 

(a) calcium phosphide □ 

(b) calcium hydride □ 

(c) calcium dihydrogen phosphate □ 

(d) calcium phosphate □ 


correct answers. 

160 . Which of th^foUowing fomi oxychlorides as precipita te on 


hydrolysis? 

(alBiQs □ (b)SbCl3 □ 

(c)CCl4 □ jd)PbCl2 □ 

161 . Which of the elements show allotropy? 

{a):N a (b)P :;iit 

(c) As □ (d) Bi □ 


162 . Which of the following reactions can evolve phosphine? 

(a) White P + Ca(OH)2-> 

(b) AlP + H2O-> 

(c) H3P04^ T 

(d) PH4I + NaOH-> ' 

163 . A solution of colourless salt H on boiling with excess NaOH 

produces a non-flammable gas.The gas evolution ceases 
after sometime upon addition of Zn dust to the same 
solution, the gas evolution restarts. The colourless salt(s) 
His(are): [LLT 2 W 8 ] 

(a) NH4NO3 □ (b) NH4NO2 □ 

(c) NH4a □ (d) (NH4:^S04 □ 

[Hint ; NH4NO3 + NaOH-> NH3 + NaNOs + H2O 

[H] Non-flammable 

gas 

NaNOs + 4Zn + 7NaOH-> 4Na2Zn02 + NH3 + 2H2O 

NH4NO2 + NaOH-> NH3 + NaNOi + H2O 

[HI 

3Zn + 5NaOH + NaN02-> 3Na2Zn02 + NH3 + H2O ] 

164 . The nitrogen oxide(s) that contam(s) N—N bond(s) is(are): 

[LI.T, 2009] 

(a)N 20 O (b)N 203 □ 

(c) N2O4 □ (d) N2O5 □ 

[Hint: N 2 O : N=N=0 N=N—O 

N 2 O 3 : - N<°; N 2 O 4 : ] 
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1 . White phosphorus on reaction with iimewater gives calcium 
salt of an acid (A) along with a gas (X). Which of the following 
is correct ? 

(a) (A) on heating gives (X) and O2 

(b) The bond angle in (X) is less than that in case of ammonia 

(c) (A) is a dibasic acid 

(d) (X) is more basic than ammonia 

[Hint : SP + 3Ca(OH)2 +6H2O-> 3Ca(H2P02)2 +2PH3 

(X) 

(A) is H3PO2 (Hypophosphoms acid). It is a monobasic 
acid. PH3 is less basic than NH3. The bond angle in (X) is 
less than that present in NH3. H3PO2 on heating gives 
orthophosphoric acid and phosphine (X),] 

2 . One mole of H3PO3 on reaction with excess of NaOH gives: 

(a) one mole of Na2HP03 

(b) two moles of Na2H2P03 

(c) two moles of Na2HP03 

(d) one mole of Na3P03 

[Hint : H3PO3 + 2 NaOH -> Na2HP03 + 2H2O ] 

1 mol 1 mol 

3. A diatomic gas will be obtained in : 

(a) Cu + dil.HNOa-> 

(b) (NH 4 ) 2 Cr 207 ^ 

(c) both 

(d) none 

[Hint : 3 Cu + 8HNO3-^ 3Cu(N03)2 + 2 NO + 

(NH4)2Cr207-> N 2 + CrsOs + 4 H 2 O] 

4. For NH 20 H-HC 1 + NaN 02 -> (A) ^ (B) + 

which of the following is correct ? 


(a) (B) is an amphoteric oxide 

(b) (X) is a colourless, diamagnetic gas which combines with 
A 1 on heating 

(c) (X) can be produced by action of (Zn + NaOH) on NaN02 

(d) none of the above 

[Hint : NH2OHHCI + NaN02-» N2O CuO h-Nj 

(B) (X) 

CuO is a basic oxide. N2 is a colourless, diamagnetic 

gas which combines with Al. 2 A 1 + N2 -» 2 AIN. 

Zn + NaOH evolves H2 which reduces NaN02 to form 
NH3 gas. NaNOa + 6 H -^ NaOH + NH3 + H2O.] 

5 . If O2 is removed from the formula of anhydride of HNO2, 
then the formula of the resulting compound satisfies which 
of the following properties ? 

(a) It produces tears in eyes (b) It supports combustion 

(c) It is paramagnetic 

(d) It cannot react with red hot copper 

[Hint : The anhydride of HNO2 is N2O3. If O2 is removed, then 
the resulting compound is N2O. Nitrous acid does not 
produce tears in eyes and it is diamagnetic in nature. It 
supports combustion and reacts with hot copper.] 

6 . Which of the following is correct ? 

(a) N2O is a laughing gas and is angular in shape 

(b) NO2 is a sweet smelling and is angular in shape 

(c) NO is a colourless gas and acidic in nature 

(d) NO2 on reaction with NaOH gives a mixture of two salts 
[Hint : N2O is a laughing gas and linear in shape. NO2 is having 

pungent odour and angular in shape. NO is a colourless 
and neutral in nature. NO2 on reaction with NaOH forms 
two salts NaN02 and NaN03. 

2 NaOH + 2NO2-> NaNOa + NaNOs + H2O] 









Elements of Group VA or 15 (Elements of Nitrogen and Phosphorus Family) 


52 & 


When a mixture of NO and NO2 is passed through an aqueous 

solution of airunonium sulphate, we get: 

(a) a dibasic acid which has no dehydrating property 

(b) a diatomic gas which on reaction with acetylene under 
electric spark gives a monobasic acid whose miion is 
pseudohalide 

(c) a dibasic acid whose dinegative anion has all bonds equal 
with bond angle 90 ® 

(d) a dibasic acid whose anhydride in solid state forms a 
cyclic trimer 


[Hint: N 0 + N02 + (NH4)2S04 + H20- 


N2^C2H2- 


2NH4NO2+H2SO4 

i 

2N2+ 4H2O 


CN” is a pseudohalide.] 

Copper metal on treatment with dilute HNO3 produces a gas 
(X). (X) when passed through acidic solution oLstann^^ 
chloride, a nitrogen containing compound (Y) is obtained. 
(F) on reaction with nitous acid produces a gas (Z), Gas (Z) 


(a) NO 
(c) NO2 


Cu + dilHNOs- 


(b)N2 
(d) N2O 

Snai/HCI ^ 


NH2OHHCI 

{>") HNO2 


A tetra-atomic molecule (A) on reaction with nitrogen (I) oxide, 
produces two substances (B) and (Q. (B) is a dehydrating 
agent while substance (C) is a diatomic gas which shows 
almost inert behaviour. The substances (A), (B) and (Q are: 
(a) P4,P40 io,N 2 {b)P4,N205,N2 

(c)P4,P203,Ar (d)P4,P203,02 


[Hint : P4 + ION2O 

(A) 


p4O|0 ION 2 ] 
{B) <C) 


10 . The number of P— O —^P and P— O —bonds present 
respectively in pyrophosphoric acid molecule are : 

(a) 1,2 {b)2,2 

(c) 1,4 ^ (d)l,8 

[Hint : The structure.of pyrophosphoric acid is 


HO^P^O-^P^OH 


There are one P—O—P and four P—O—bonds.] 

11 . Which of the following is a cyclic oxoacid ? 

(a) H4P2()7 (b) H4P2O6 

(c) H5P5O15 (d) HsPsP^ 


[Hint : H3P3O9 is a cyclic trimetaphosphoric acid. 

0^ OH 

HO'^ '^0'^ '^OH ] 


12 . The equivalent mass of phosphoric acid (H3PO4) in the 

reaction, NaOH + H3PO4- > NaH2P04 + H2O, is : 

(a) 25 (b) 49 

(c) 59 (d) 98 

[Hint ; Only one hydrogen atom of H 3 PO 4 is replaced, so its 
equivalent mass is equal- to its molecular^mass,]— - 

13 . The oxyacid of phosphorus in which phosphorus has the 
lowest oxidation state is : 

(a) hypophosphorus acid (b) orthophosphoric acid 

(c) pyrophosphoric acid (d) metaphosphqiic acid __ 

[Hint : H 3 P 02 ^ P ^ + 1 ;^H 3 ^ 0.^ P = 

H 4 P 2 O 7 , O.S. P +5; HTOa, O.S. P = +5] 

14 . Which is/are correct statements about P4O6 and PaOjo ? 

(a) Both form oxoacids H3PO3 and H3PO4 respectively 

(b) In P4O5 each P is joined to three O and in PaOio ^ch P 
is linked to four O atoms 

(c) Both 

(d) None 

15 . Blue liquid which is formed at - 3 (fC by mixing of two 
gases is : 

(a) N2O (b) N2O5 

(c) N2O3 (d) N2O4 

[Hint : NO + NO 2 N 2 O 3 (Pale blue colour)] 

16 . For H3PO3 and H3PO4, the correct choice is : 

(a) H3PO3 is dibasic and reducing 

(b) H3PO3 is dibasic and non-reducing 

(c) H3PO4 is tribasic and reducing 

(d) H3PO3 is tribasic and non-reducing 

17 . The compound molecular in nature in gas phase but ionic in 
solid state is : 

(a) PCI3 (b) CCI4 

(c) PCI5 (d) POCI3 

[Hint : PCI 5 exists as [PCl 4 ]'^[PCl 6 ]“ in solid state.] 

18 . The decreasing order of the boiling points of the following 
hydrides is : 

(i)NH3 (ii)PH3 (iii)AsH3 (iv)SbH3 (v)H20 

(a) (v) > (iv) > (i) > (iii) > (ii) 

(b) (v) > (i) > (ii) > (iii) > (iv) 

(c) (ii)>(iv)>(iii)>(i)>(v) 

(d) (iv)>{iii)>(i)>(ii)>(v) 

[Hint; B.pts : = -33%!; PH 3 = -89T; ASH 3 = -^3; 

SbHa = ~9; H 2 O = KXFC] 





5. (b) 6 . (d) 

17 . (c) 18 . (a) 


7 , (b) 8. (d) 9 . (a) 10 . (c) 11 . (d) 12 . (d) 
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I Assertion-Reason Type Questtoi^ 


The following questions consist of two statements as 
Assertion (A) and Reason (R), While answering these questions 
choose correctly any one of the following responses. 

(a) If both (A) and (R) are true and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) If (A) is true but (R) is false. 

(d) If (A) is false but (R) is true. 

(e) If both (A)-and-(R) are false; 

1 . (A) HNO3 is stronger than HNO2. 

(R) In HNO3 there are two nitrogen to oxygen bonds whereas 
in HNO2 there is only one. [LI.T, 1998 ] 

2 . (A) P4 is more reactive-than N2. 

(R) P—^P single bond is much more weaker as compared to 
N=N triple bond. 

3 . (A) Although PF5, PCI5 and PBr5 are known, the penta- 

haiides of nitrogen have not been observed. 
tR) Phosphorus has lower electronegativity than nitrogen. 

[LTX 1995 ] 


4 . (A) Nitrogen is unreactive at room temperature but becomes 

reactive at elevated temperatures or in presence of a 
catalyst. 

(R) In nitrogen molecule, there is extensive delocalization of 
electrons. [A.LLM.S. 1996 ] 

5 . (A) PH3 is more basic, than NH3. 

(R) Electronegativity of N is more than phosphorus. 

6 . (A) H3PO3 and H3PO4 are tribasic acids as they contain three 

hydrogen atoms each. 

(R) Both H3PO3 and H3PO4 are reducing in nature. 

7 . (A) For drying ammonia gas, Me cbnmra dehyffi^ 

agents like H2SO4, CaCl2 or P2O5 cannot be used. 

(R) H2SO4, CaCl2 or P2O5 react wiM NH3. 

8. (A) Phosphorite ndneral cannot be used as a fertilizer of 

phosphorus. ^ 

(R) Superphosphate of lime is used as a fertilizer of 
phosphorus. 

9 . (A) H3PO3 is a dibasic acid. 

(R) There are two H-atoms directly attached to P. 

[AJ.I.M,S. 2007 ] 



L (c) 2 . (a) 3 . (b) 4 . (c) 5 . (d) 6* (e) 7 . (a) 8. (b) 9 . (c) 




THOUGHT TYPE QUESTIONS 


THOUGHT 1 _ 


Nitrogen, phosphorus and potassium are regarded as essential 
plant nutrients. After a few years of continuous cultivation, Me 
soil becomes poorer and poorer in materials supplying nitrogen, 
phosphorus and potassium to plants. If Me soil is not 
compensated, it would become less productive and infertile. In 
order to maintain soil fertility, it is necessary to add materials 
containing nitrogen, phosphorus and potassium in Me form of 
fertilizers. Chemical substances which are added to Me soil as to 
make up Me deficiency of essential elements are called chemical 
fertilizers. Eyery chemical compound of nitrogen, phosphorus and 
potassium cannot be used as a fertilizer. Substances to be used 
as fertilizers must have Me following characteristics : 

(a) it must be soluble in water 

(b) it should be easily assimilated by plante 

(c) it should be stable 

(d) it should not disturb Me pH of Me soil 

(e) it should be cheap 

The important nitrogeneous fertilizers are : 

(a) ammonium sulphate 

(b) calcium cyanamide 


(c) calcium ammonium nitrate 

(d) urea 

(e) basic calcium nitrate 

The important phosphatic frtlizers are : 

(a) calcium superphosphate 

(b) nitrophosphate 

(c) triple phosphate 

(d) phosphatic slag 

The commonly used potassium fertilizers are : 

(a) potassium nitrate 

(b) fK>tassium chloride 

(c) potassium sulphate 

Fertilizers containing N, P and K in suitable adjusted propor¬ 
tions are known as NPK fertilizers. 

1 . Which one of Me following substances is used as a fertilizer ? 

(a) K2S04-Al2(S04)3*24H20 

(b) Ca(CN)2 

(c) Ca(H2P04)2H20-2(CaS04*2H20) 

(d) CaS04 

2 . Fertilizer having highest percentage of nitrogen is : 

(a) urea (b) calcium cyanamide 

(c) ammonium nitrate (d) ammonium sulphate 
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3 . Sindhri fertilizer is chemically known as : 

(a) ammonium nitrate (b) ammonium sulphate 

(c) urea (d) calcium nitrate 

4 . Ammonium salts are oxidised in the soil to nitrites by : 

(a) denitrifying bacteria (b) ammonifying bacteria 
(c) nitrosifying bacteria (d) nitrifying bacteria 

5 . The actual composition of nitrolim is : 

(a) Ca(CN)2 (b) CaC2 + Ca(CN)2 

(c) CaCN2+C (d) CaH2 

C Expression like 4 -S --2 used for a NPK mixed fertilizer indi~ 
cates that it contains : 

(a) 4 % N2, 8% P2O5 and 2 % K2O 

(b) 4 % urea, 8% €^ 2 ^ 04)2 and 2 % KCl 

(c) 4 % NH?, 8% H<.PQ 4 an d 2 % .K2SO4 

(d) 4 % NH4NO3, 8% P2O5 and 2 % KNO3 

THOUGHT 2__ 

The pronounced change ffomnon-metallic to metallic behaviour 
and also increase in the basicity of oxides from nitrogen to bismuth 
in group 15 is principally due to increasing size of the atoms. The 
ionisation potential of nitrogen is very high on account of its small 
size. However, ionisation potential decreases regularly on descen¬ 
ding the group. 

1 . Which one of the following is a strongest base ? 

(a) AsH 3 (b) SbH3 

. (c) PH3 (d) NH3 

2 . Among the trihalides of nitrogen, which one is least basic ? 

(a) NF3 (b) NCI3 

(c) NBr3 (d) M3 

3 . Which one of the following fluorides does not exist ? 

(a) NF5 (b) PFs 

(c) AsFs (d) SbFs 

4 . Which of the following oxides is most acidic ? 

(a) Bi203 (b) P2O3 

(c) AS2O3 (d) Sb203 

5 . The most unstable hydride is : 

(a)NH3 ^ (b)PH3 

(c) Bffls (d) SbH3 

6. In all the group 15 elements, the number of unpaired 
electrons in the valence shell is : 

(a) 4 . ' (b) 3 

(c) 2 (d) 5 

7 . Which Irihalide is most ionic among the following ? 

(a) NCI3 (b) PCI3 

(c)BiF3 (d)SbF 3 


THOUGHT 3 






Phosphorus forms a number of oxoacids which differ in their 
structures and oxidation state of phosphorus. All the acids contain 
phosphorus atom/atoms linked tetrahedrally to four other atoms 
or groups. Each of them has at least one P =0 or P-^O unit and 
one P—OH unit. The OH gmup is ionisable but H atom linked 
directly to P is non-ionisable. Structures of all the acids are 
considered to be derived either from phosphorus acid or 
phosphoric acid. 


1. Which one is monobasic acid? 

(a) H3PO2 (b) H3PO3 

(c) H3PO4 (d) H3PO5 * 

2. Which one has +4 oxidation state? , • 

(a) H3PO4 (b) H3PO3 

(c)H 4P207 (d)H4P206 

3 . The acid which forms two series of salts is : 

(a) H3PO4 (b) H3PO3 

(c) H3BO3 (d) H3PO2 

4 * Which of the following is a cyclic oxoadd? 

(a)H4P207 (b)H4P206 

(c) H3P3O9 (d) H5P5O15 

5 . The number of P ->0 or P =0 and P-^—H bonds in 
H 3 P 04 are: 

(a) 3,1 (b) 2,2 

(c) 1,2 (d)l ,3 

THOUGHT 4 


There are some deposits of nitrates and phosphates in earth’s 
crust. Nitrates are more soluble in water. Nitrates are difficult to 
reduce under the laboratory conditions but microbes do it easily. 
Ammonia forms large number of complexes with transition metal 
ions. Hybridization easily explains the ease of sigma donation 
capability of NH3 and PH3. PH3 is a flammable gas and is prepared 
from white phosphorus. ThhT. 2008 ] 

1 . Among the following, the correct statement is: 

(a) Phosphates have no biological significance in humans 

(b) Betw^n nitrates and phosphates, phosphates are less 
abundant in earth’s crust 

(c) Between nitrates and phosphates, nitrates are less 
abundant in earth’s cmst 

(d) Oxidation of nitrates is possible, in soil 

2 . Among the following, the correct statement is: 

(a) Between NH3 and PH3, NH3 is a better electron donor 
because the lone pair of electrons occupies spherical 
s-orbital and is less directional. 

(b) Between NH3 and PH3, PH3 is a better electron donor 
because the lone pair of electrons occupies' .sp^-orbital 
and is more directional 

(c) Betw^n NH3 and PH3, NH3 is a better electron donor 
because the lone pair of electrons occupies jp^-orbital 
and is more directional 

(d) Between NH3 and PH3, PH3 is a better electron donor 
because the lone pair of electrons occupies spherical 
.^-orbital and is less directional, 

3. White phosphorus on reaction with NaOH gives PH3 as one 

of the products. This is a: 

(a) dimerization reaction 

(b) . disproportionation reaction 

(c) condensation reaction 

(d) precipitation reaction 

0 • +1 

[Hint : P4 + 3 NaOH + 3H20-> 3NaH2PO. + PH3 ] 
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Thought 1 

l.(c) 

2. (a) 

3. (b) 

4. (d) 

5. (c) 

6. (a) 


Thought 2 

1. (d) 

2. (a) 

3. (a) 

4. (b) 

5. (c)' 

6. (b) 

7.(c) 

Thought 3 

1. (a) 

2.(b) 

3.(b) 

4. (c) 

5. (d) 



Thought 4 

l.(c) 

2.(c) 

3.(b) 







BRAPJ Storming problems 



1 . WMch oxy-anion of nitrogen is present in Angeli’s salt? 
[Ans. Na2N203-H20; N20|l 

2 * Write down the two compounds of Vth or 15 th group elements 
which are covalent in vapour state but ionic in solid state. 
. n20s7"¥cis] .."... 

3 . Write the formula of: 

(i) Scheele's green (ili) Graham salt 

(ii) Paris green (iv) Pearl white 

[Ans. (i) CuHAsOa; (ii)- (CH3C00)2Cu.3Cu(As02)2 

(hi) (NaPOale; (iv) BiOCl] 

4. Explain why all P — F bonds in PF5 are not equivalent? 

[Ans. Phosphorus in PF5 lie in sp^d hybrid state, out of five 

p—p bonds, three are equatorial bonds which have different 
length.] 

5 . Write comment on non-existance of PI5? 

6 . Although phosphorus pentabromide exists in the vapour 
phase as PBrs molecules, in the solid phase the substance is 
ionic and has the structure [PBr4]^r“. What is the expected 
geometry of PBrj? 

[Ans. Tetrahedral] 

7 . With the help of NH3, O2, Pt and H2O, write equations for 
preparation of N2O from these substances. 

[Hint : 4NH3fe) + SOzfe) ^ 4NOfe) + 6H20(g) 

2NO(g) + 02(g)-> 2N02(g) 

3N02(g) + H20(0-> 2HN03(a?.) + NO(g) 

HNOaCg) + NHaCag.)-» NH 4 N 03 (ag.) 

NH4N03(a9.) NH 4 N 03 ( 5 ) 

NH 4 N 03 (^) ^ N20(g) + 2H20(g)] 

8 . Give the formula of: 

(i) Polyphosphoric acid 

(ti) Polymetaphosphoric acid 

(ui) Sodium triphosphate 

(iv) Trimetaphosphate 

[Ans. (i) Pn (ii) (HP03)„ ; 

(in) NasPsOio ; (iv) Na3P309] 

9 . Write down the formula of those compounds of phosphorus 
which are used as: 

(i) detergent additive (ii) in soft drink 

(iii) in tooth powder (iv) animal feed additive 

[Ans. (i) Na5P30io; (ii) H3PO4; 

(iii) CaHP04*2H20; (iv) CaHP04*2H20] 

10 . Comment on the structure of trimethyl amine [(CH3)3N] and 
trisilyl amine [(SiH3)3N]. 


[Hint : Trimethyl amine has pyramidal structure like NH3 because 
lone pair of electron is present at nitrogen. 



Trisilyl amine has planar structure because lone pair of 
nitrogen is donated to vacant d-orbital of silicon.] 



11 . Explain why NF3 has no donor property of electrons but PF3 
has, and PF3 forms several complexes. 

12 . What is composition of Devarda’s alloy? Which gas is 
evolved when this alloy is treated with HNO3? 

[Ans. AJ 45 %; Zn 5 %; Cu 50 %; NH^ig)] 

13 . When HNO3 is added to cone. H2SO4 we get NOj and 
NO3 ; explain this fact. 

[Hint : 2HNO3 . N2O5 + H2O 

Dehydration ^ ^ ^ 

In polar solvent, N2O5 gives solvated ions NOj and NO3.] 

14 . Explain why nitride of lithium (Li3N) is more stable than nitride 
of potassium (K3N)? 

[Hint : Lattice energy of Li3N is very high.] 

15 . . Tn oxidation of P4 to P4O6 we cannot use pure O3; we use 

mixture of O3 and N2. What is the reason behind it? 

[Hint : Pure O2 will oxidise P4O6 to P4O10.] 

16 . Arrange the following as indicated: 

(a) AS2O3, P2O3, N2O3 (Decreasing acid strength) 

(b) P 205 ,N 205 ,AS 203 .Bi 205 ,Sb 205 

(Decreasing acid strength) 

(c) N2O, N2O5, N2O4, N2O3, NO (Increasing acid strength) 

(d) P2O5, Bi205, N2O5, Sb205, AS2O3 (Decreasing stability) 

(e) NBr35 NCI3, NF3 (Decreasing stability) 

(f) NI3, NBr3, NCI3, NF3 (Increasing Lewis base strength) 

(g) Bia3,Na3,PCl3,AsCl3,Sba3 

(Decreasing trend of hydrolysis) 

(h) PF3, PCI3, PBr3, PI3 (Decreasing Lewis acid strength) 

(i) H3Sb04,H3As04,H3P04,HN03 

(Decreasing solubility in water) 
[Ans. (a) N2O3 > P2O3 > AS2O3 

(b) N2O5 > P2O5 > AS2O5 > Sb205 > Bi205 
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(c) N 2 O < NO < N 2 O 3 < N 2 O 4 < N 2 O 5 

(d) P 2 O 5 > AS 2 O 3 > Sb 205 > N 2 O 5 > Bi 20 g 

(e) NF 3 > NCI 3 > NBr 3 

(f) NF 3 < NCI 3 < NBr 3 < NI 3 “ 

(g) NCI 3 > PCI 3 > ASCI 3 > SbCl 3 > BiCl 3 

(h) PF 3 > PCI 3 > PBr 3 > PI 3 

(i) HNO 3 > H 3 PO 4 > H 3 ASO 4 > H 3 Sb 04 .] 

17, What are the products formed by hydrolysis of NCI 3 and 
PCI3? .. . ^ 


(f) S03" + N0i+H’^- 


C 1 

|r 

[Ans, C 1 -—N~^- 


NHCI2 + HOT 


1 

1 

2H^O 

a 

H 

4 


NH 3 + 2HOa 
Cl. 

1-^ .H 

H3PO3 + mci ] 

18 . NF3 is stable but NCI3 and NI3, are unstable and explosive. 
Explain why? 

[Hint : In NF3, there is strong pn-pn bonding due to large 
electronegativity difference between N( 3 ) and F( 4 ). On the 
other hand, there, is weak p%-p% bonding in NCI3 and NI3, 
hence these compounds are unstable and explosive.] 

19 . Complete the following reactions: 

(a) [Fe(CO)5] + NO-> 

(b) KNO3 + KNO2 + Cr203-> 

(c) Cr^^ + H^ + NO-> 

(d) SO2 + NO + H''-> 

(e) MnOJ + NO + > 

The answer to each of the following questions is a single 
digit integer^ ranging from 0 to 9, 

1 . How many nitrogen oxides are known ? 

2 . How many lone pairs are present in nitrogen molecule? 

3 . In group 15 elements, the number of unpaired electrons in 
valence shell is: 

4 . How many P—O—P bonds are present in P4O8? 


[Ans. (a) [Fe(CO)5] + 2 NO ^ [Fe(CO)2(NO)2] + 3 CO 

(b) 3KNO2 + KNO3 + CtjO^ 2K2Cr04 + 4 NO 

(c) + NO + 3 H'"-> NH2OH + 3 Cr^'" 

(d) SO2 + 2 NO + H2O-> N2O + H2SO4 


+ 2H2O 


(e) SMnOJ + 5 NO + ^ 5NO3 + 3 Mn^'" + 2H2O 

(f) 803“ + 2 NOi + 2 H*-> SO4" + 2 NO 4 HjO] 

Answer the following qu^tions: 

(a) What is Swart’s reagent? 

(b) Give chemical formula of Vortex ring. 

(c) Cold fire and Phossy Jaw are related to......... 

(d) Which gas of nitrogen is used as anaesthetic in dental 

surgery? _ 

(e) Give the chemical formula of phosphorus sulphide present 
in ‘strike anywhere matches’. 

(f) What is ‘Ghost light’? 

(g) What is the chemistry of Holme’s signal? 

[Ans. (a) SbF3 is a fluorinating agent called Swart's reagent.: 7^ 

(b) White smokes of P2O5 is called Vortex ring. 

(c) White phosphorus. 

(d) N2O 

(e) P4S3 

(f) Bones glow in dark due to oxidation of white phosphorus 
present. The phenomenon is called chemiluminescence. 

(g) Mixture of CaCa and Ca3P2 filled in container with a 
hole is thrown into sea or river, so that following 
reactions take place: 

CaC2 + 2H2O-> Ca(OH)2 + C2H2 

CaaPa + 6H2O-> 3Ca(OH)2 + 2PH3 or P2H4 

P2H4, catches fire. The acetylene produces a bright 
luminous flame which serves as a signal to approaching 
ship or boat (Holme's signal).] . 



5 . When excess of ammonia and chlorine react, nitrogen and 
ammonium chloride are formed. Write the balanced equation 
and find out how many ammonium chloride molecules are 
involved in the balanced equation? 

6. How many 0~bonds are present in N2O3? 

7 . What is the basicity of pyrophosphoric acid? 

8. In solid PCI5 molecule, how many P—Cl bonds are present 
in the cation? 


( 5 ) Five oxides are known. Uiese are N2O, NO, N2C^, NO2 and 
N2O5. 

( 2 ) Nitrogen molecule has a triple bond and each nitrogen atom is 
associated with a lone pair of electrons. tN ^ N* 

( 3 ) The valence shell in poup 15 elements is ns np i.e., all the 
three p-orbitals are occupied by single electron each. 


4 , (6) The structure of P4O8 is : o 


5 . (6) 2NH3 + 3CI2-> N2 + 6 HC 1 

6NH3 6HCi 6NH4CI 

8NH3 + 3CI2 N2 + 6NH4CI 

6. ( 4 ) The structure of N2O3 is N ^=0 

7 . ( 4 ) H4P2O7, It has four OH groups. 

8. ( 4 ) [PCylPClel” 
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Elements of Group VIA or 16 

(The O^^gen Family, n^np^) 


11,^ POSITION IN PERIODIC TABLE 

Group 16 or VIA of the extended form of periodic table consists of six elements— 
oxygen (O), sulphur (S), selemum (Se), tellurium (Te )7 pd^^^ andl^ 

ununhexium (Uuh)*. This family is known as oxygen family. These (except 
polonium and ununhexium) are the ore forming elements and thus called 
chalcogens. These are p-block elements as the last differentiating electron is 
accommodated on np shell. These elements have six electrons in their valency 
shell and thus placed in the Vlth group. 

The elements oxygen and sulphur are common while selenium, tellurium and 
polonium are comparatively rare. Oxygen is the most abundant element and is 
found both in free as well as in combined state. Oxygen makes up 20 . 9 % by 
volume and 23 % by mass of atmosphere. Most of the oxygen present in the 
atmosphere is produced by photosynthesis in plants. It also occurs in the form 
of ozone in the upper atmosphere which protects us from the harmful radiations 
of the sun. Oxygen makes up 46 . 6 % by mass of the earth’s crust. Sulphur is the 
sixteenth most abundant element and constitutes 0 . 034 % by mass of the earth’s 
crust. It o(x:urs mainly in combined form. The member, polonium is radioactive 
in nature. The inclusion of these elements in the same subgroup is justified on the 
basis of same electronic configuration and similarities as well as gradation in their 
physical and chemical properties. 

Like other groups, the first element oxygen differs from other elements of the 
group in several respects. 

M 1. Electronic Configuration 

The distribution of electrons in various energy shells of the atoms of these 
elements is given as below : 


Element 

At No. 

Electronic configuration 

With uiert gas core 

Oxygen 

8 

2, 6 l^^ Ip' 

[He] 2s^ 2 / 

Sulphur 

16 

2, 8, 6 ls^ 2s^ 2p^, 3s^ 3/ 

[Ne] 3s^ 3 / 

Selenium 

34 

2, 8, 18. 6 Is^ 2 /, 3s^ 3 / 3d“. 4s^ 4p' 

[At] 3d'°, 4j^ 4^“* 

Tellurium 

52 

2, 8, 18, 18, 6 1 /, iJ- 2 /, 3j^ 3 / 3d'°, 4s^ 4 / 4d'” S/ 5p* 

[Kr] 4d“, 5s^ 5 / 

Polonium 

84 

2, 8, 18, 32, 18, 6 l5^ 2s^ 2 /, 3 / 3d‘°, 4 / 4 / 4d‘° 4/‘^ 55^ s/ 5d'°, 6s^ 6/ 

[Xe] 4/''*. 5d‘” 6? 6/ 

Ununhexium 

116 

2, 8, 18, 32, 32, 18, 6 Is^ 2s^ 2 /, 35^ 3/ 3d“ 4 / 4p® 4d^° 4/^'^, 5s^ 5p^ 5d“ sf*, 

6/ 7i^ 7 / 

[Rn] 5/^“*, 6d‘®, 7 / 7 / 


^Recently a new element with atomic number 116 (Ununhexium) has been discovered. It is a synthetic and radioactive element. It is not very 
stable element. Not much is known about its properties. 















Elements of Group VIA or 16 (The Oxygen Family) 

All have six electrons in their outermost shell, Le,, they have 
electronic structure The penultimate shell contains 2 
electron^ in oxygen, 8 electrons in sulphur and 18 electrons in 
Se, Te, Po and Uuh. This explains why oxygen differs from 
sulphur and these two from the remaining elements, 

^ 2. Physical Characteristics 

(a) Physical state: Oxygen is a gas while others are 
solids. Oxygen molecule is diatomic while the molecules of 
other elements are more complex. Sulphur, selenium and 
tellurium exist as staggered 8 -atom rings. However, the tendency 
to exist in 8 -atom rings is maximum with sulphur and decreases 
as we go down the group. In Sg molecule, every sulphur ^om 
is in sp^ hybridized state involving both bonding and non¬ 
bonding pairs of electrons. 



Fig. 11.1 Staggered ring stmcture of sulphur molecule, Sg 

[Oxygen atom has the tendency to form multiple bonds 
(pn — p% interaction) with other oxygen atom on account of 
small size while this tendency is missing in sulphur atom. The 
bond energy of oxygen-oxygen double bond ( 0 = 0 ) is quite 
large (about three times that of oxygen-oxygen single bond, 
O—O = 34.9 kcal moF^) while sulphur-sulphur double bond 
(S=S) is not so large (less than double of sulphur-sulphur 
single bond, S—S = 63.8 kcal moF^). As a result, 
——^O—O— chains are less stable as compared to 0=0 
molecule while ——S—S— chains are more stable than S=S 
molecule. Therefore, at room temperature, while oxygen exists 
as a diatomic gas molecule, sulphur exists as Sg solid.] 

The plastic sulphur which is formed by pouring liquid 
sulphur into water contains zig-zag long chmns of sulphur atoms. 



At temperatures above the boiling points, sulphur forms a red 
vapour, which turns to yellow as temperature is increased. In 
vapour there exist Sg, and $2 molecules. Above lOOCf C, theie 
exist only S 2 molecule, which has structure like O 2 . 

(b) Metallic and non-metallic character: Metallic 
character increases with the increase of atomic number. Oxygen 
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and sulphur are distinctly non-metallic. Selenium and tellurium 
show both non-metallic and metallic characters but polonium 
is definitely a metal. 

(c) There is a gradual gradation in physical properties : 

(i) Atomic and ionic radU t The atomic radii of the 
elements of group 16 are smaller than those of the corresponding 
elements of group 15. The atomic radii of the elements of this 
group increase gradually on moving down the group. 

Element O S Se Te Po 

Atomic radii (pm) 66 104 117 137 146 

[covalent radii (single bond)] 

The smaller atomic radii of group 16 elements as compared 
with corresponding elements of groups ISareduetothe increased- 
effective nuclear charge with increase in greater attraction 
towards nucleus. The attraction brings contraction in size. The 
gradual increase on moving down the group is due to the 
increase in the number of electron shells from member^to^ 
member. 

In the formation of anions, two electrons are being added 
to an atom. Therefore, the effective nuclear charge is reduced 
and hence, the electron closed expands. Thus, the negative 
ions {M^") are bigger in size than the corresponding atoms. 
Like atomic radii, ionic radii also increase gradually on moving 
down the group. 

'Element ' " O" ' " S.Se'"' .Te .. 

Ionic radii (pm) 140 184 198 221 

(ii) Ionisation energy : The ionisation enthalpies are high 
and thus the elements do not lose the electrons to form positive 
ions easily. The values decrease as the atomic number increases 
from O to Po and thus the tendency to form positive ion 
increases gradually, Le., metallic nature increases. 

O S Se Te Po 

Ionisation energyAj/fj 1314 1(X)0 941 869 813 

(kJ moF^) 

iSjEt 3388 2251 2045 1790 - ^ 

Decreases gradually 

The ionisation energies of first three elements of group 16 
are less than corresponding elements of group 15 inspite of the 
fact that nuclear charge increases. The abnormal behaviour is 
due to symmetrical and more stable electronic configuration of 
N, P and As as compared to O, S and Se respectively. 

However, the second ionisation values of group 16 elements 
are higher than those of group 15. 

(iu) Electronegativity : Electronegativity decreases gradu^ 
ally Qxyg 0 u jg second most electronegative element after 
fluorine. 

O S Se Te Po 

Electronegativity 3.5 2.44 2.48 2.01 L76^ 

Deciea^ gradually 

This decrease indicates a change from non-metallic to 
metallic character. 
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(iv) Melting and boiling points : The melting and boiling 
points increase gradually with increase in atomic number. 

O S Se Te 

Melting point CC) -219 119 217 450 

(Monoclinic) 

Boiling point fC) -183 445 688 990 

(v) Electron acuity : Group 16 elements have high electron 
affinities. On moving from oxygen to sulphur, the EA^ value 
increases and then decreases from S to Po: 

Element O S Se Te Po 

EAi (kJ mor’) -141 -200 -195 -190 -183 

The electron density in 2p energy shell in oxygen is high due 
to s mall si ze of oxygen ato m and thus, there i s some resista nc e to 
the incoming electron and thereby the EA^ of oxygen is com¬ 
paratively low. Sulphur has maximum value and on moving from 
S to Po, the EAi values decrease due to increased size. 

(d) Allotropy : All the elements show allotropy : 

Element AUotropie forms 

Oxygen Ordinary oxygen and ozone 

Sulphur Rhombic, monoclinic, plastic, amorphous 

Selenium Red form (non-metailic), grey fonn (metallic form) 

Tellurium Crystalline and amorphous 

Polonium a and p forms (Both are metallic forms) 

(e) Catenation : Oxygen and sulphur show the property 
of catenation. The property is more pronounced in sulphur. 

H—S—S—S—H, H—S—S— 
S—S—H, the peroxides and polysulphides are fairly stable. 
Note : Catenated compounds of sulphur are the following : 

(i) Folysulphides : S$“ where n = 2, 3, 4, etc. 

(ii) SuJphanes : X-™S„™X, where X = I, Cl, CN, etc. 
Compounds corresponding to n 100 have been reported. 

(ill) Polysulphonic acids : These have general formula 
HO 3 S—S„—SO 3 H compounds corresponding to n ~ 22 
have been reported. These are also called thionic acids, 

(f) Oxidation states: As the configuration of outer¬ 
most shell is ns^ these elements try to gain or share two 
^ electrons in order to attain inert gas configuration. Oxygen being 
highly electronegative shows -2 oxidation state in its compounds 
except in oxygen fluorides and most of the metal oxides are ionic 
and contain oxygen as dinegative anion, 0^“. Since, the 
electronegativity decreases, the tendency to exhibit-2 oxidation 
state decreases as we go down in the group. However, positive 
oxidation states are exhibited by S, Se, Te and Po, In addition to 
+2 oxidation state, +4 and +6 oxidation states are observed. This 
is due to the availability of rf-orbitals in these elements. Oxygen 
has no d-orbitals and hence cannot show +4 and +6 oxidation 
states while sulphur can have 2,4 or 6 unpaired orbitals forming 
2,4 or 6 covalent bonds. 


S-atom 

(Ground state) 
S-atom 

(Excited state) 



S-atom 

(Doubly excited state) 





+2 

+4 

+6 


Thus, oxygen is never moie than divalent while other 
members may be divalent, tetravalent and hexavalent. The 
compounds having +4 oxidation state show both oxidising and 
reducing properties while compounds having +6 oxidation states 
are only oxidising. 

(g) Multiple bonding: Oxygen atom has the tendency to 
form multiple bonds {pm-pit interaction) with the other oxygen 
atom on account of small size and high electronegativity. However, 
the rest of the elements do not form pK-p% multiple bonds due to 
their large size. Sulphur and higher members of group 16 possess 
vacant rf-orbitals in their valence shell, ITiey use these orbitals to 
form d%-jm bonds. However, this tendency is maximum and 
stronger in sulphur and decreases from sulphur onwards. 

^ 3. Trends in Chemical Reactivity 

Oxygen is the most reactive element of the group despite it 
has high bond dissociation energy of oxygen molecule (493.4 
kJ moF^) as nearly ‘Ml its reactibns Me exothemuc. Oh^-^ 
initiated, these reactions continue spontaneously. Oxygen 
directly combines with almost all the metMs except noble metals, 
all the non-metals except noble gases and halogens and many 
compounds under suitable conditions. The oxides are generally 
stable compounds. The elements such as W, Pt, Au, halogens 
and noble gases which do not directly combine with oxygen, 
form compounds with oxygen indirectly. 

After oxygen, sulphur is quite reactive element especially at 
high temperatures which help in breaking of S—S bonds. Sulphur 
bums in air and reacts directly with carbon, phosphorus, arsenic 
and many metMs, Oxidising adds oxidise it into SO 2 and 
alkalies dissolve it to give sulphides and thiosulphates. It reacts 
with H 2 and halogens. The sulphides are stable compounds and 
many metals are found in nature in the form of sulphides. 

However, the reactivity of group 16 elements decreases 
from oxygen to polonium. 

O > S > Se > Te > Po 

Selenium and tellurium combine with highly electropositive 
elements such as alkali and alkaline earth metMs. Se and Te combine 
with oxygen, fluorine and chlorine. In general, the compounds 
of selenium and tellurium are less stable than oxygen and sulphur. 

Some important trends in chemical reactivity of elements of 
group 16 are discussed here. 

(a) Hydrides 

All the elements of this group form the hydrides of type 
H 2 M where, M = O, S, Se, Te and Po, Le,, 

H 2 O, H 2 S, H 2 Se, H 2 Te and H 2 P 0 

H 2 O is obtMned by burning hydrogen in the atmosphere of 
oxygen while H 2 S, H 2 Se and H 2 Te are obtained by the action 
of acids on sulphides, selenides and tellurides. 

FeS + H 2 SO 4 - > FeS 04 + H 2 S 

Na2Se -I- H2SO4-> Na2S04 + H2Se 

(i) Hiysical state : Water is colourless, odourless liquid while 
other hydrides are colourless, poisonous gases with bad odours. 
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(ii) Volatili^ : Water has low volatility (high boiling point) 
as hydrogen bonding brings association. H 2 S has high volatility 
as no hydrogen bonding is present. Volatility decreases from 
H 2 S to H 2 Te due to increase in molecular masses of the hydrides. 

(lii) Covalent character % As the electronegativity 
difference between M and H decreases, the covalent character 
of these hydrides increases from H 2 O to H 2 Te. Water molecule 
is highly polar. It has high dielectric constant and hence acts 
as an excellent solvent for inorganic compounds. 

(iv) Thermd stability : The thermal stability decreases 
as the atomic mass increases. Water dissociates at 2000T 
while tellurium hydride, H 2 Te, decomposes at room tem¬ 
perature. Thi^is due to m increase in M — H bond len gth. 

(v) Acidic nature.: The hydrides are all weak acids and 
dissociate to vaiying degrees to give ions. The acidic strength 
increases from H 2 O to H 2 Te as it is evident from the values of 
dissociation constants. 

T r:::...:::zIpe 

Dissociation LO x 1.0 x 10"'^ 1.7 x 10"^ 2.3 x 

constant (25°C) 

The increasing trend can be explained on the basis of 
dissociation energies. The dissociation energies decrease as 
the bond length M —increases from oxygen to tellurium. 
This facilitates the release of proton. The acidic nature can also 
be explained on the basis of charge density on anion. The 
charge density on the M^~ ion decreases as the size of M-atom 
increases from oxygen to tellurium. The decrease in charge 
density is responsible for the decrease in dissociation energies 
and thereby increasing the tendency to furnish proton. 

(vi) Reducing nature : All hydrides except H 2 O act as 
reducing agents. The reducing nature increases as the atomic 
number of the central atom increases. This is due to weakening 
of M—bond as the bond length increases with increase of 
size of M-atom. 

(vii) Burning: H 2 S, H 2 Se, H 2 Te and H 2 P 0 bum in 
atmosphere of oxygen with blue flame forming dioxides. 

2H2S + 3O2-> 2H2O + 2SO2 

(viii) Shape : All these hydrides are V-shaped. In the^ 
hydrides, the central atom is 5 /?^-hybridized. The bond angles 
are 104.5^ 92.5^ 9P and 90° in 1 ^ 20 , H 2 S, H 2 Se and H 2 Te, 
respectively. 

This can be explained on the basis of decreasing electro¬ 
negativity of central atom and decreasing tendency of 
5 /?^-hybridization. 

Other hydrides 

Oxygen and sulphur have a tendency to form polyoxides 
and polysulphides which are comparatively less stable. The 
two common examples are H 2 O 2 (hydrogen peroxide) and 
H 2 S 2 (hydrogen disulphide). They decompose on heating. 

2H2O2-^ 2H2O + O2 

H 2 S 2 -> H 2 S + S 

Hydrogen poly sulphides (H— n may be 2,3,4,5) are 
yellow oily liquids which possess a more strong odour than H 2 S. 


(b) Oxides 

The most important oxides are of the type MO2 and MO3. 
SO2 and SeOa are acidic oxides and are soluble in water. Te02 
and P0O2 are insoluble in water. These are amphoteric oxides 
as they dissolve in both acids and bases. 

SO2 + H2O-> H2SO3 (Sulphurous acid) 

Se02 + H2O-> H2Se03 (Selenous acid) 

Te02 + 2 NaOH-> Na2Te03 + H2O 

Sodium tellurite 

2Te02 + HNO3-^ 2Te02 HN03 or Te203 (0H)N03 

Basic nitrate 

SO2 is a gas, Se02 is a volatile solid and Te02 is a white 
non-volatile solid. All the dioxides possess different structures. 
SO2 is an angular molecule with an O—S—O angle of 119 . 5 °. 
The sulphur undergoes jp^-hybridization. Both the bonds have 
same bond lengths. This suggests resonance in the molecule^ 
Se02 has the same structure as SO2 in the gaseous state but 
the solid has a chain like structure which is not planar. 


Oxygen atom In ground state 
Sulphur atom In excited state 
Oxygen atom in ground state 



o-^s=%0- 

119.5“ p7t— p7t—dn 


O--- O 

pn—dn pTT—pjr 


Fig. 11.2 Formation of SO2 molecule 



Te 02 and P0O2 are crystalline ionic solids. 

IMoxides: SO3, Se03 and Te03 are acidic in nature. 

SO3 + H2O-> H2SO4 (Sulphuric acid) 

SeOs + H2O-H2Se04 (Selenic acid) 

Te03 + 3H2O ——> HgTeOg (Telluric acid) 

The acidic nature decreases on moving down the group. 
SO3 is a gas and has plane triangular structure. The structure 
of SO3 is similar to that of SO2 except for the fact that lone 
pair of electrons of sulphur atom is donated to third oxygen 
atom. According to another view, the true structure of SO3 
molecule is considered to be resonance hybrid of the following 
structures. 
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In the solid state, SO3 exists as a cyclic trimer or a linear 
chain. 
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Cyclic trimer of SO3 


Linear chain of SO^ 


Solid selenium trioxide is a cyclictetramer [Se40i2]. 


Vse^'' 

X /O 

^Se^ ^Se<=^ 

\n n/' % 


agents. These properties decrease from S t6 Te. Oxyacids are 
dibasic in nature. 


(d) Halides 


I 


S, Se and Te form hexafluorides showing the maximum 
valency of six. They all involve sp^cf' hybridization. 


35 3/7 3 d 

Sulphur atom in ground state |T>L| T* 

T 

1 1 1 


Sulphur atom in excited state Pf] | 1 | T 

11 

Ititl 



sp^d ^ hybridization 

Thus, hexafluorides possess 
octahedrd structure. 

These are colourless gases. 

SF6 is extremely inert. 

SeFri is slightly reactive while 
TeFri is hydrolysed by water. 

TeFg + 6 H 2 O -> 6 HF + H6Te06 
No other halogen forms the 
hexahalides due to larger size of 
Cl, Br and 1 . 

Many tetrahalides are known. 

SF4 is a gas, SeF4 is a liquid 
while TeF4 is a solid. S, Se, Te 
and Po form tetrachlorides and bromides while Te and Po form 
tetraiodides. All tetrahalides possess trigonal bipyramid structure 
with sp^d hybridization. 

Sulphur atom in ground state 
Sulphur atom in excited state 



35 


3p 


n 

IT^ T 1 T1 

□ 

□ 

□ 

□ 

□ 

n 



T 

Itl MM 


sp^d hybridization 


( 0 ) Oxyacids or oxoacids 


Sulphur forms a number of oxyacids but selenium and 
tellurium form only two series of oxyacids, the -ous and -ic 
acids. 


H2SO3 

Sulphurous acid 
Salts : Sulphite 

H2SO4 

Sulphuric acid 
Sulphates 


H 2 Se 03 

Selenous acid 
Selenite s 

H 2 Se 04 

Selenic acid 
Selenates 


H 2 Te 03 

Tellurous acid 
Tellurites 

H2Te04 or HriTeOe 
Telluric acid 
Tellurates 


Oxyacids with S—S linkages are called thioacids and with 
O—O Linkages are termed peroxy acids. Thionic acids have 
two —SO3H groups linked either directly or through a S-chain 
(polythionic acids). 

With increase oxidation number, the acid strength of oxyacid 
of an element increases, Le., sulphuric acid is stronger than 
sulphurous acid. In the oxyacids of group 16 elements in same 
oxidation state, the acidic nature decreases from S to Te. The 
“OUS acids act as reducing agents while “ic acids act as oxidising 


Four unpaired electrons form bonds with four halogen atoms 
and one position is occupied by lone pair. 



Fig. 11.4 

SF4 is very reactive and is readily hydrolysed by water to 
give SO2 and HF inspite of the fact that average bond energy 
in SF4 is greater than SF5. This is due to the presence of empty 
3 <i“Orbitals in sulphur atom in SF4. It is used as fluorinating 
agent for many inorganic and organic compounds. 

All the elements except selenium form stable dichlorides and 
dibromides. Di-iodides are not formed. Dihalides form tetrahedral 
molecules due to sp hybridization. 
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ns np 
sp^ hybridization 


t 



The bond angle is less than 109 *^ 28 ' due to the presence of 
lone pairs. TTie bond angle is 103 *" in SCI2, 101 . 5 ® in OF2 and 

98®nirTbBi5^-:.....-.^.. -. 

Dimeric monohalides as S2F2, S2CI2 and S2Br2 are known. 
Their structure is similar to H2C^. 


Cl 



Cl 

Fig. 11.6 


[Note : As fluorine is more electronegative than oxygen, the compounds 
of oxygen and fluorine are called fluorides. For example, OF 2 is 
named oxygen difluoride. The compounds of oxygen and other 
halogens are called oxides as oxygen is more electronegative than 
chlorine, bromine and iodine. For example, CIO 2 is called chlorine 
dioxide and I 2 O 5 is named iodine pentoxide.] 


(e) Oxyhalides 

Only S and Se form oxyhalides. They are called thionyl and 
selenyl halides. 

SOF2 ■ SOCI2 SOBr2 

SeOF2 SeOCl2 SeOBrj 

These react with water readily. 

SOCI2 + H2O-^ SO2 + 2 HC 1 

In addition, sulphuryl halides are also known. 

SO2X2 

These may be regarded as derivatives of H2SO4 where both 
the —OH groups have been replaced by two halogens atoms. 

11.2^ ABNORMAL BEHAVIOUR OF OXYGEN 

Oxygen differs from rest of the members of VIA group 
elements. The abnormal behaviour is attributed due to the 
following inherent characteristics: 

(i) Small size 

(ii) High electronegativity 

(iii) Non-availability of d-orbitals in the valency shell. 


Points of difference 

(i) Oxygen is a gas while others are solids. 

(ii) It is diatomic molecule, while the rest are complex 
molecules, e.g., Sg, Seg vyith puckered ring stracture. 

(iii) 'Oxygen is highly Aon-metallic due to high value of 
electronegativity. 

(iv) Oxygen is more ionic in its compounds. The dinegative 
anion 0 ^“ is quite common. The dinegative anions of other 
members are less common. 

(v) Oxygen exhibits an oxidation state of only -2 except in 
OF2 and peroxides. It does not show -t 4 and -1-6 oxidation 
states as shown by other members. 

—(vi) Oxygen moleeule^is highly stable. Tbe-two atoms are^ 
held together by multiple bonds. The bonds are fairly strong 
and bond energy is quite high (117 kcal per mole). It is only 
at a high temperature that these bonds are broken and oxygen 
atoms react with other materials. Thus,-otdinary-oxygen is nol 
active under ordinary conditions. 

(vii) Hydrogen bonding is present in water and many otiier 
compounds due to high electronegativity of oxygen. On account 
of this, water boils at higher temperature. 

(viii) Oxygen molecule is paramagnetic in nature in gaseous, 
liquid and solid states. It is weakly attracted by a magnet. It has 
been explained by molecular orbital tiieory that oxygen molecule 
has two unpaired electrons. 

(ix) Oxygen is the most abundant element in the earth’s crust. 

(x) Metals like Cu, Ag, Hg, etc., show lesser affinity with 
O2 to form oxide than with sulphur to form sulphide. It is due 
to polarizing power of Cu^^, Ag'*', Hg^"*^ ion, owing to which 
they form strong bond with S^“. 

DISSIMILARITIES BETWEEN OXYGEN 
AND SULPHUR 


Property 

Oxygen 

Sulphur 

L Electronic 
configuration 

2 electrons in the penuF 
timate orbit 

8 electrons in the penul¬ 
timate orbit 

2. Physical state 

Colourless, odourless 

gas 

Pale yellow solid with 
feint odour 

3. Abundance 

Most abundant 

Less abundant 

4. Maximum 
covalency 

2 

6 

5. Action of 

HNO 3 

Not affected 

Oxidised to H 2 SO 4 

6 . Nature of 
hydride 

H 2 O is neutral liquid 
under ordinary condi¬ 
tions. Hydrogen bond¬ 
ing is present. 

H 2 S is acidic gas under 
ordinary conditions. No 
hydrogen bonding is 
present. 

7. Molecule 

I Diatomic, O 2 

Octatomic, Sg 

8 , Magnetic 

nature 

Paramagnetic molecule 

Diamagnetic molecule 
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Historical : Priestley and Sch^^ele obtained oxygen within 
a few months of each other by heating suitable oxygen 
compounds. Scheele called it vital air or air. Lavoisier 
regarded it as an essential constituent of all acids and named 
it oxygen (oxus = acid, gennas = maker). 

Occurrence : Oxygen occurs in the atmosphere to the 
extent of about 21 % by volume ( 23 % by mass). This percentage 
remains constant by the operation of the highly complex process 
termed photosynthesis. It is an essential ingredient in all living 
matter and is of great importance in respiration and combustion. 
It is most abundant element and forms about one half of the 
earth' s cru st. It forms a large p art of nearl y all the rocks and 
is present to the extent of 89 % by weight in water. 

m Preparation 

_Oxygen _c.an _ be ^obtained im the. laboratory _ by- -following- 

methods: 

(I) Fronn oxides : (a) By thermal decomposition of the 
oxides of metals which are in lower part of electrochemical 
series. 

2 HgO -^ 2 Hg + 02 ; 2 Ag 20 -^ 4 Ag + 02 

(b) By the thermal decomposition of higher oxides. 

3 Mn 02 JS 2 L.> Mn 304 + 02 ; 2 Pb 304 - 2 ^ 6PbO + O2 

2Ba02 . ) 2BaO + 02 

(c) By action of cone. H2SO4 on Mn02. 

2Mn02 + 2H2SO4-> 2MnS04 + 2H2O + O2 

(d) By action of water on sodium peroxide (oxone). 

2Na202 + 2H2O-> 4 NaOH + O2 

(ii) From salts: (a) Alkali nitrates on heating evolve 
oxygen. 

2NaN03-> 2NaN02 + O2; 2KNO3-i. 2KNO2 + Oj 

(b) K2Cr207, KMn04 and Ka03 decompose at high 
temperatures evolving oxygen. 

4 K 2 Cr 207 4 K 2 Cr 04 + 2 Cr 203 + 302 

2KMn04 ) K2Mn04 + Mn02 + 02 

2KCIO3 . ■ > 2KCI + 3O2 

(c) By heating KMn04 or K2Cr207 with concentrated H2SO4. 
4KMn04 + 6H2SO4 ^ 2K2SO4 + 4MnS04 + 6H2O + 5O2 
2K2Cr207 + 8H2SO4 ^ 2K2SO4 + 2Cr2(S04)3 + 8H2O + 3O2 

(d) By adding H2O2 to acidified KMn04 solution. 

2 KMn 04 + 3 H 2 S 04 (dil.) ^ K2SO4 + 2 MnS 04 + 3H2O + 5 [ 0 ] 
_ [H2Q2 + O ^ H2O ^ Q2] X 5 _ 

2KMn04 + 3H2SO4 + 5H2O2 -> K2SO4 4- 2MnS04 

+ 8H2O Hh 5O2 

Pure oxygen is obtained by this reaction. 
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Laboratoiy preparation : The usual laboratory method 

consists in heating of a mixture of potassium chlorate and 
manganese dioxide in ratio of 4 : 1. KCIO 3 evolves oxygen at 
375®C. At this temperature, it melts and converted into potassium 
perchlorate which decomposes at higher temperature to evolve 
oxygen. When Mn 02 is added, it starts giving oxygen at 250®C. 
Here Mn 02 acts as a catalyst. 

4 KCIO 3 --> 3 KCIO 4 +KCI 

Potassium Potassium 

chlorate perchlorate 

KCIO 4 - .^.» KCl + 2 O 2 

Mn 02 used for this purpose should be completely free from 
carbon as KQO 3 and carbon mix tur e is explosive in natur e. 
The mixture should be first heated gently and then strongly 
when it is ensured that there is no vigorous reaction. 

® Properties 

Oxygen is a colourless, odourless and tasteless gas. It is 
little heavier than air and is slightly soluble in water. This small 
amount of dissolved oxygen in water supports the respiration 
of fish and other aquatic animals. It is soluble in alkaline 
pyrogallol. It can te liquefied to a pale blue liquid (b.pt-183''C) 
by compressing the gas at a very low temperature. It is 
transformed into a blue solid on further cooling (fieezing point 
= - 218.4°C). Although O 2 has an even number of electrons,- 
two of them are unpaired, making the molecule paramagnetic; 
since it behaves like a tiny magnet and is attracted to a magnetic 
field. It exhibits allotropy. Its allotropic modification is ozone 
(O 3 ). There are three isotopes of oxygen with mass numbers 
16, 17 and 18 (O^^, and O^^). is the main one with 
an abundance of nearly 99.8%. The others are (0.04%) 
and ( 0 . 2 %). 

Oxygen is not a combustible gas, but it is a strong supporter 
of combustion. It is very active element It directly combines 
with almost all metals (except noble metals) and non-metals 
(except zero group elements and halogens) and macts with 
many compounds under suitable conditions. In fact, all the 
chemical reactions of oxygen are oxidation reactions. Except 
very few, the reactions with oxygen are exothermic in nature. 
A flame may also be produced in certain cases. 

■ Reactions with metals 

(a) Active metals react at room temperature forming 
respective oxides. 

4Na + O 2 -^ 2 Na 20 

2Ca + O 2 -> 2CaO 

However, Na, K, Rb, etc., further combine with oxygen to 
form peroxides and superoxides. 

M-- ^ > M 2 O > M2Q2 MO 2 

Normal oxide Peroxide Super oxide 

(Ujb) (Na202) (K02,Rb02,Cs02) 
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(b) Magnesium bums in atmosphere of O2 to form magnesium 
oxide. 

2 Mg + O2- > 2 MgO 

(c) Metals like Fe, A 1 combine with dioxygen on heating. 

4 A 1 4 - 3O2-^ 2AI2O3 

4 Fe + 3O2-^ 2Fe203 

■ Reactions with nonmetals 

Most of the nonmetals react with oxygen under high 
temperatures and form respectilft oxides. For example, 

Hydrogen: 2H2+O2- > 2 H 20 

Water 

discharge 

Nitrogen : Nj + O2 > 2 NO 

Nitric oxide 

Sulphur: S+Q2 ^ ^ --S 02 

Sulphur dioxide 

Carbon: 2 C+ O2 .» 2 CO 

(Limited) Carbon monoxide 

c+ O2 CO2 

(Excess) Carbondioxide 

Phosphorus : P4 + 5O2— > P4O10 

Phosphorus pentoxide 

■ Reactions with compounds 

Oxygen is an oxidising agent. It oxidises many compounds 
under specific conditions. Some examples are given here. 

2 NO + O2-^ 2NO2 

4HCI + O2—^j^ 2 H 20 + Cl2 (Deacon’s process) 

4NH3+5O2— ^ > 4 NQ+6H2O (Ostwald’s process) 

2SO2 + O2— ^20^ > 2S03 (Contact process) 
2 ZnS + 3O2-^ 2 ZnO + 2SO2 

C^H,+|^x + ^j02->XC02 + |h20 

^ Structure 

The diatomic oxygen molecule has an unusual electronic 
structure. It is beheved that two oxygen atoms in the molecule 
are bonded by a covalent double bond. 

I'o: :d: or ;d = d: 

% 

However, the above structure is not supported by its 
paramagnetic nature. It has been suggested that between the 
two oxygen atoms only one covalent bond is established leaving 
two unpaired electrons, one in each atom. 


• • • • 

:0 —o: 

# • 

This structure although can explain paramagnetic behaviour 
yet it does not explain high dissociation energy of oxygen 
molecule and does not confomi to the octet rale. 

Another structure, involving 3 -electron bonds, has been 
suggested by Pauling. Two oxygen atoms are joined by one 
2 -electron bond and two 3 -electron bonds. The structure 
accounts for two unpaired electrons and for the high dissociation 
energy but is contrary to octet rale. 

:o^o: 

A better explanation for the existence of two unpaired 
electrons (pa ramagnetic b ehaviour) and a very high dissociation 
energy of O2 molecule has been provided by molecular orbital 
theory according to which the structure of O2 molecule is 
given below: 

Bond order in this case is ^ (8 - 4 ) = 2 


^ Uses 


(i) Oxygen mixed with helium or carbon dioxide is used for 
artificial respiration. 

(ii) Liquid oxygen is an important constituent of fuels used 
in rockets. 

(iii) Liquid oxygen mixed with finely divided carbon acts 
like a dynamite in coal mining. 

(iv) Oxygen is used for production of oxy-hydrogen or 
oxy-acetylene flames which are employed for cutting and 
welding purposes. 

(v) Oxygen is used as an oxidising agent in several reactions. 

(vi) Oxygen is used in the manufacture of large number of 
compounds such as phenol, ethylene oxide, sulphur dioxide, 
sulphuric acid, nitric acid, chlorine, etc. 

(vii) O is used as a tracer in the study of tracer 
mechanisms. 



OXIDES 


Oxygen combines nearly with all other elements except inert 
gases, noble metals and halogens. The binary compounds of 
oxygen with other elements are called oxides. However, 
the compounds of oxygen and fluorine (OF2, O2F2) are not 
called as oxides but oxygen fluorides as fluorine is more 
electronegative than oxygen. 

Oxides may be prepared by the following general 
methods: 

1 . By burning of elements such as C, P, S, Na, K, Mg, etc., 
in air or oxygen atmosphere. 


C + O2-> CO2 (Carbon bums with flush light) 

S + O2-> SO2 (Suljrfiur bums with blue light) 


4Na + O 2 -> 2Na20 (Sodium bums with yellow light) 
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4 K + O2-> 2K2O (Potassium bums with violet light) 

2 Mg + O2- > 2 MgO (Magnesium bums with white light) 

2 . By strongly heating carbonates, hydroxides or nitrates. 

Cu(OH) 2-> CuO + H2O 

CaC03-> CaO + CO2 

2 Pb(N 03)2 -> 2 PbO + 4NO2 + O2 

2 A 1 ( 0 H )3 -> AI2O3 + 3H2O 

CUCO3-> CuO + CO2 

, 2Ba(N03)2-> 2 BaO + 4NO2 + O2 , 

(The carbonates, hydroxides of alkali metals do not 
decompose onJieating and nitrates, of alkali metals form nitrites 
on heating.) 

3 . The oxides of some of the non-metals and weak metals 
can be formed by the oxidation of the element with nitric acid. 

C + 4HN03(conc.) CO2 + 4 N 02 + 2H2O 

Si + 4HN03(conc.)-> Si 02 + 4 N 02 + 2H2O 

Sn + 4HN03(conc.)-> Sn 02 + 4NO2 + 2H2O 

M Classification of Oxides 

(Based on Chemical Behaviour) 

(i) Acidic oxides : The oxides which dissolve in water to 
form oxyacids are called acidic oxides. These are also called 
acid anhydrides of corresponding acids. The oxides combine 
with bases to form salts and water and with basic oxides form 
salts only. 

These oxides are generally formed by non-metals. Examples 
are; 

CO2, B2O3, SiOa. N2O3, NO2, N2O5, P4O6, P4O8, P4O10, 
SO2, CI2O7,12O5 and by metals in higher oxidation states such 
as Sn02, V2O5, Cr03, Mn207, etc. 

CO2 + H2O-> H2CO3 

SO3 + H2O-> H2SO4 

SO2 + H2O-> H2SO3 

N2O5 + H2O-> 2HNO3 

N2O3 + H2O-> 2HNO2 

P4O6 + 6H2O-> 4H3PO3 

P4O10 + 6H2O-> 4H3PO4 

CI2O7 + H2O-> 2Ha04 

Sn 02 + H2O-> H2Sn03 

Mn 207 + H2O-> 2HMn04 

Cr03 + H2O-> H2Cr04 

[Some of the oxides form two oxyacids. These are called 
mixed anhydrides. 

2NO2 + H2O-> HNO2 + HNO3 

P40g + 6H2O-> 2H3PO3 + 2H3PO4 ] 


Si 02 + 2 NaOH-> Na 2 Si 03 + H 2 O 

Oxide Base Salt Water 

B 2 O 3 + 6 NaOH-> 2 Na 3 B 03 + SHaO 

P4O10 12 NaiOH-> 4NH3PO4 + 6H2O 

Acidic oxide Base Salt 

SiOa CaO-> CaSi 03 \ 

SO 3 + PbO-> PbS 04 ' 

(ii) Basic oxides: The oxides which either dissolve in 
water to form alkaUes or combine with acids to form salts and 
water or combine with acidic oxides to form salts are called 
basic oxides. These oxides are formed by metals. Oxides may 
be ionic or covalent in naturer ^ 

NaaO + H 2 O-> 2 NaOH 

CaO + H 2 O-> Ca(OH )2 

CuO + H2SO4-> CUSO4 + H2O - 

FeO + H 2 SO 4 -> FeS 04 + H 2 O 

BaO + 2 HC 1 -> BaCla + H 2 O 

PbO + SO 3 -> PbS 04 

(iii) Neutral oxides : The oxides which neither combine 
with acids nor with bases to form salts. 

Examples : CO, H 2 O, N 2 O, NO, etc. 

(iv) Amphoteric m ides: The oxides which react with 
acids and bases both are termed amphoteric. 

Examples : ZnO, AI 2 O 3 , BeO, Sb 203 , Cr 203 , PbO, Pb 02 , 
etc. 

ZnO + 2 NaOH-> Na 2 Zn 02 + H 2 O 

ZnO + 2 HC 1 -> ZnCl 2 + H 2 O 

AI 2 O 3 + 2NaOH-> 2 NaA 102 + H 2 O 

AI2O3 + 6 HC 1 -> 2AICI3 + 3H2O 

PbO + 2 NaOH-> Na 2 Pb 02 + H 2 O 

PbO + H2SO4-> PbS 04 + H2O 

Cr 203 + 2 NaOH-> Na 2 Cr 204 + H 2 O 

Cr203 + 3H2SO4-> Cr2(S04)3 + SHjO 

(v) Compound or mixed oxides : Oxides which behave 
as mixture of two simple oxides. 

Examples: 

Pb304(2Pb0 + Pb02). Fe304(Fe0 + Fe203), 

Mn304(2MnO + Mn 02 ) 

(vi) Peroxides: The oxides when treated with dilute acids 
form hydrogen peroxide. These oxides are considered as 
derivatives of H 2 O 2 and contain peroxo linkage in their 
molecules. 

Examples : Na 202 , K 2 O 2 , Ba 02 , etc. 

Na202 + H 2 S 04 (dil.)-> Na 2 S 04 + H 2 O 2 





Elements of Group VIA or 16 {The Oxygen Family) 


539 


BaOa + H2S04(dU.)-> BaS04 + H2O2 

Na 202 can be written as Na—O—O—^Na. The linkage 
—O—O— is called peroxo linkage. 

(vii) Dioxides : Like peroxides, these also contain excess 
of oxygen but do not form H 2 O 2 with dilute acids. They evolve 
chlorine with concentrated HCl and oxygen with concentrated 
H 2 SO 4 . 

Examples; Pb02, Mn02 

Mn 02 + 4HC1 (cone.)-» MnCl 2 + CI 2 + 2 H 2 O 

2 Mn 02 + 2 H 2 SO 4 (cone.)-> 2 MnS 04 + O 2 + 2 H 2 O 

(viii) Suboxides : The oxides which contain less oxygen 
tihan expected- from the-normak^valeney ofrthe elements are 
termed suboxides. 

Examples : Carbon suboxide, C 3 O 2 ; lead sulwxide, Pb 20 ; 
nitrous oxide, N 2 O. 

(ix) Superoxides : These oxides contain O 2 ion. The 
supeioxides known are KO 2 , Rb 02 and Csd 2 rThese react 
with water to give hydrogen peroxide and oxygen. 

\ 2 KO 2 + 2 H 2 O-> 2KOH -H H 2 O 2 + O 2 

tfM OZONE 

Historical : In 1758, Van Marum observed a rotten smell 
when an electric discharge was passed through air. In 1840, 
Schonbien attributed that the rotten smell was due to formation 
of a new gas which he named ozone. The name ozone comes 
from the Greek word “ozo” meaning “smell”. In 1866, Sorret 
established its formula, O 3 , and pointed out that the ozone is 
an allotrope of oxygen. 

Occurrence : Ozone is present in sufficient amounts in 
the atmosphere at higher altitudes, Le., 12 to 15 miles above 
earth’s surface. It is formed from oxygen present there, under 
the influence of ultraviolet rays from sun. Near earth’s surface 
it is decomposed by dust particles. In small amounts, it occurs 
near the sea side or big lakes where it is formed by slow 
evaporation of water. 

M Laboratory Preparation 

Ozone is obtained by passing silent electric discharge through 
dry oxygen. It is believed that some of the oxygen molecules 
dissociate and then atomic oxygen combines with oxygen 
•"molecules to form ozone. 

02-5^0+0 
O2+0—>03 

302 2 O 3 - energy 

The mixture obtained consists of 5-10% ozone by volume 
and the mixture is called ozonised oxygen. The apparatus 
used for this purpose is known as ozoniser. The commonly 
used ozonisers are : 

(i) Siemen’s ozoniser and (ii) Brodie’s ozoniser 


(i) Siemen’s ozoniser 


It consists of two concentric metal or glass tubes sealed 
together at one end (Fig. 11.7). 


Ozonised 

oxygen 


c 


Dry O 2 

Jm foil 


^Tinfoil p 
~ ... ^ 


o -^-o 

Induction coil 





The inner surface of inner tube and outer surface of the 
outer tube are coated with tin foil. The inner and outer coatings 
are connected with the two terminals of an induction coil 
current of dry oxygen at low temperature is passed in from 
one end. When the current is put on, the oxygen is parti^ly 
converted into ozone. Ozonised oxygen come out from other 
end and is collect^. It contains about 10% ozone, the percentage 
can be increased upto 15% if temperature is lowered to 5*^0. 


(ii) Brodie’s ozoniser 


It is shown in Fig. 11.8. The annular space is surrounded 
on both sides by dilute sulphuric acid in which platinum 
electrodes are dipped. These electrodes are connected to an 


Platinum electrode 



"Dry O 2 


Fig. 11.8 

induction coil. Oxygen passing through the annular space is 
subjected to silent electric discharge and is partially converted 
into ozone. 


Recovery of Pure Ozone from Ozonised Oxygen 

The ozonised oxygen is passed through a spiral cooled by 
liquid air. Ozone condenses as its condensation temperature is 
~112.4'^C. The liquid ozone dius obtained may contain some 
dissolved oxygen. This liquid is fractionally distilled to get pure 
ozone. 
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Some Reactions Forming Ozone 


(i) Fluorine reacts with water at a very low temperature 
when mixture of ozonised oxygen is formed. 


2 F 2 + 2 H 2 O 
31^ + 3 H 2 O 


•> 

■> 


4 HF + O 2 U . , 


(ii) By action of ultra-violet rays, oxygen can be converted 
into ozone. 


02 0 + 0 

O2 + O-> O3 

(iii) The electrolysis of acidified water with high current 
density and platinum anode yields-ozone on the anode; Nascent 
oxygen discharged at anode combines with molecular oxygen 
to form ozone. 


M Properties 

Physical properties : 

(a) It is a pale blue gas with a characteristic strong smell. 

(b) It can be liquefied to pale blue liquid at -112.4°C. At 
-249.7°C, it forms violet black crystals. 

(c) It is heavier than air. 

(d) It is slightly soluble in water but more soluble in turpentine 
oil, glacial acetic acid, or carbon tetrachloride. 

(e) When inhaled in small amounts, it causes headache and 
nausea. 

(f) It is diamagnetic in nature. 

Chemical properties: 

(a) Decomposition: It is unstable and decomposes 
completely into oxygen at 300®C. 

2 O 3 — - > 3 O 2 + 68 kcal 

Mn 02 , platinum black, silver, lead dioxide, etc., decompose 
ozone at ordinary temperature, Le., they catalyse its decom¬ 
position. 

(b) O^ddising nature ; Due to the ease with which it can 
liberate nascent oxygen, it acts as a powerful oxidising agent. 
The potential equation is : 

Qj-> 02 Hf~ O 

The oxidation potential in acid medium is +2.07 V. 

O 3 + 2H+ + 2e- -> O 2 + H 2 O F = +2.07 V 

[There are only three more substances which have oxidation 
potentials higher than +2.07 V. These are fluorine, atomic 
oxygen and oxygen fluoride, OF 2 ]. Due to high value of 
oxidation potential it acts as a strong oxidising agent. 

Examples : (i) It oxidises HCl into CI 2 , HBr into Br 2 and 
HI into iodine. 

O 3 -^ O 2 + O 

2HC1 + O-> H 2 O + CI 2 

2HC1 + O 3 -> H 2 O + CI 2 + O 2 


(ii) Acidified ferrous sulphate into ferric sulphate. 

O 3 -> O 2 + O 

2FeS04 + H 2 SO 4 + O-> Fe2(S04)3 + H 2 O 

2 FeS 04 + H 2 SO 4 + O 3 -> Fe 2 (S 04)3 + H 2 O + O 2 

(iii) It liberates iodine from neutral KI solution. 

O 3 —^ O 2 + 0 
2KI + H 2 O + 0-> 2KOH + I 2 

2KI + H 2 O + O 3 -» 2KOH + I 2 + O 2 

(iv) Lead sulphide (black) is oxidised to lead sulphate 
(colourless). 

[O 3 -> O 2 + O] X 4 

-PbS + 40=^ PbS04 - - 


PbS + 4 O 3 -^ PbS04 + 4 O 2 

Similarly, CuS, ZnS and CdS are oxidised to CUSO4, 
ZnS04 and CdS04, respectively. 

(v) It oxidises“mMtes into nitrates, sulphites into sulphates^: 
arsenites to arsenates, manganate to permanganate and ferro- 
cyanide to femcyanide. 

^ NaNOs + O2 


NaN02 + O3 
Na 2 S 03 + O 3 
Na 3 As 03 + O 3 

Sodium arsenite 

2K2Mn04 + H2O + O3 
Potassium 
manganate 

2K4Fe(CN)6 + H2O + O3 

Potassium 

ferrocyanide 


Na 2 S 04 + O 2 
Na 3 As 04 + O 2 

Sodium arsenate 


2 KMn 04 + 2 KOH + O2 

Potassium 

permanganate 

2 K 3 Fe(CN )5 + 2 KOH + O2 

Potassium 

ferricyanide 


(vi) Moist iodine is oxidised to iodic acid. 

[O3-> O2 + 0 ] X 5 

I2 + H2O + 50 -> 2HIO3 


I 2 + H 2 O + 5 O 3 


-+ 2HIO3 + 5O2 

Iodic acid 


Similarly; moist sulphur, phosphorus and arsenic are oxidised 
to their corresponding oxyacids. 

S + H2O + 3O3-> H2SO4 + 3O2 

2 P + 3H2O + 5O3-> 2H3PO4 + 5O2 

2As + 3H2O + 5O3-> 2H3ASO4 + 5O2 

(vii) H2S is oxidised to sulphur. 

H2S + O3 —+ H2O + S + O2 
(viii) Alkaline KI is oxidised to potassium iodate and 
periodate. 

KI + 3O3-> KIO3 +3O2 

Potassium iodate 


K 1+403 


-+ K104 +402 

Pot. periodate 


(ix) Dry iodine is oxidised to yellow powder, I4O9. 

[O3-> O2 + O] X 9 

2I2 + 90 -^ I4O9 

2I2 + 9O3-> I4O9 + 9O2 


o 
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(x) Silver metal is blackened due to alternate oxidation of the 
metal and reduction of oxide. 

2Ag + O 3 -> Ag20 + O 2 

^§2^ 4-03 -> 2Ag 4* 2 O 2 

(xi) Mercury in presence of ozone is oxidised to suboxide 
which dissolves in mercury. It starts sticking to glass and loses 
mobility. Hence, mercury loses its meniscus in contact with 
ozone. This is termed as the tailing of mercury. 

2Hg + O 3 - y Hg 20 + O 2 

(xii) Ozone reacts with KOH and forms potassium 
ozonide, KO 3 , which is an orange coloured solid and contains 
paramagnetic ion. 

2KQH 4 - 5 0^ -> 2KQ^ + 50o + H^O 

In all above reactions, oxygen is evolved. 

There are few reactions in which whole of the oxygen is 
used up in the process of oxidation. 

1. Oxidises SO 2 to SO 3 . 

-3802 TOj'-^ .. 

2. Acidified stannous chloride is oxidised to stannic 
chloride. 

3 SnCl 2 + 6HC1 4- O 3 -> SSnCU + 3 H 2 O 

(c) Bleaching, property : It is a good bleaching agent 
The bleaching action is due to its oxidising action on the organic 
matter. 

Coloured substance + O- > Colourless 

It bleaches oil, ivory, flour, starch, waxes, wood pulp, etc. 

(d) Formation of ozonides : Ozone reacts with unsaturated 
organic compounds containing double bonds. The products 
formed are known as ozonides. The ozonides break up when 
treated with water to form carbonyl compounds. The process is 
called ozonolysis. H 2 O 2 is evolved in most of the cases. 

^CH7?^0 

/?_CH=CH—/{' + O 3 -^ 0 < I 

^CH/?O 

Ozonide 


v/cm?- . 

4“H20— 


CHR- 


-CH = O + —CH = Q +H 2 O 2 


Mixture of Aldehydes 


(e) Reaction with peroxide : Reaction of ozone with 
peroxide results in their mutual reduction with the liberation of 
oxygen. 

Ba02 4- O3-> BaO + 2O2 

H2O2 + O3-> H2O + 2O2 


Uses 

(i) As a germicide and disinfectant for sterilizing water and 
improving the atmosphere of crowded places like tube railways, 
mines and cinema halls. 

(ii) As a bleaching agent for oils, flour, ivory, wax and 
delicate fabrics. 

(iii) In the manufacture of artificial silk, synthetic silk, 


synthetic camphor and potassium permanganate (by oxidation 
of potassium manganate). 

(iv) It is used for detecting the position of double bond in 
the unsaturated organic compounds. 

(v) In destroying odours that arise from cold storage rooms, 
kitchens of big hotels or slaughter houses. 

^ Structure of Ozone 

Trambaruls (1953) and Hughes (1956) have pointed out from 
the studies of ozone by electron diffraction that ozone molecule 
is V-shaped with a bond angle of 116.8° and O—O bond length 
1.278 A. The central oxygen atom in ozone is 5 / 7 ^-hybridized. 


O 

FigllS 

The bond length is intermediate between that for a single 
bond {1.48 A as in H 2 O 2 ) and for a double bond (L 21 A as 
in O 2 ). Ozone is, therefore, considered to be a resonance 
hybrid of the following two forms : 



Tests of ozone : (i) It has a strong rotten smeU. 

(ii) Metallic mercury loses its fluidity in contact with ozone. 

(iii) It turns an alcoholic solution of benzidine brown. 

(iv) It turns an alcoholic solution of tetramethyl base violet. 

(v) It turns starch-iodide paper blue. 

Distinction between Ozone and Hydrogen Peroxide 



1. 

2. 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 


Ozone (O3) 


Hydrogen peroxide (H2O2) 


Pale blue gas with a strong 
rotten smell. 

It does not decolourise acidified 
potassium permanganate. 
Mercury loses its meniscus in 
contact with ozone. It starts 
sticking to glass. 

It turns an alcoholic solution of 
benzidine brown. 

It turns an alcoholic solution of 
tetramethyl base violet. 

It does not turn starch-iodide 
paper blue in presence of ferrous 
sulphate. 

No action with titanium 

sulphate solution. 

No action with acidified 
potassium dichromate in 
presence of ether. 


Colourless and odourless sympy 
liquid. 

It decolourises acidified potassium 
permanganate. 

No action on mercury. 


No action. 

No action. 

It turns starch-iodide paper blue in 
presence of ferrous sulphate. 

Orange colour with titanium 
sulphate solution is developed. 
Blue colour in ether layer when 
H2O2 is added to mixture 
containing potassium dichromate 
and concentrated H2SO4 in 
presence of ether. 
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The name sulphur has been derived fom Sanskrit word Sulveri 
meaning killer of copper. The elementary nature of sulphur 
was established by Lavoisier in 1777. 

Occurrence 1 It is widely distributed in nature both in 
fme and combined state. The free sulphur is found in the 
volcanic regions of Sicily, Iceland, Japan, Mexico and Louisiana 
and Texas states of U.S.A. Sulphur in American deposits occurs 
at a depth of about 700-1200 feet while Sicily deposits are 
associated with 75% clay and gypsum. These are the two main 
sources of world supply of sulphur. In small quantities, it 
occurs in New Zealand, Russia, Baluchistan (Pakistan) and 
Kangra (India). 

It occurs in abundance in the combined state as: 

(i) Sulphide ores, e.g.. Zinc blende or sphalerite (ZnS), 
galena (PbS), cinnabar (HgS), copper pyrites (CuFeS 2 ) and iron 
pyrites (FeS 2 ). Iron pyrite is called 'JooVs goUT'" because of its 
misleading resemblance to gold metal. 



(a) (b) (c) (d) 

Fig. 11.11 Sulphide ores (from left to right) : (a) Galena, PbS; 
(b) Cinnabar, HgS; (c) Pyrite. FeS 2 : and (d) Sphalerite, ZnS 


as a liquid to the surface where it is allowed to solidify. 99.5% 
pure sulphur is obtained by this process. 



Fig. 11-12 The Frasch process for extraction of sulphur 

(ii) Sulphur as a byproduct: (a) From alkali waste of 

Leblanc’s process; The alkali waste (mainly CaS) is sus¬ 
pended in water and carbon dioxide is circulated. Hydrogen 
sulphide is liberated which is birnit in an insufficient supply of 
air. 

CaS + H 2 O + CO 2 -> CaCOj + H 2 S 

2 H 2 S + O 2 -> 2 H 2 O + 2S 

(Air) 


(ii) Sulphate ores, e.g.. Gypsum (CaS 04 - 2 H 20 ), barytes 
(BaS 04 ), Epsom salt (MgS 04 - 7 H 20 ) and celesite (SrS 04 ), 

(iii) H 2 S and SO 2 in volcanic gases. H 2 S in spring waters, 
coal gas, sewage gas, etc. 

(iv) Organic compounds of plant and animal origin, e.g., 
onion, garlic, mustard, eggs, proteins, hair, wool, etc., contain 
organic sulphur compounds. 

Sulphur is also found as deposits of the native element 
(brium-stone), which are formed by bacterial action on H 2 S. 

Extraction : (i) To extract underground sulphur, Frasch 
process is used. Three concentric pipes are sunk deep into the 
ground. Super heated water at 170°C is forced down through 
the outer pipe into sulphur deposits, which heats the rock 
above the melting point of sulphur, 119°C. By this way sulphur 
gets melted. Compresed air blown through innermost pipe 
forcess the molten sulphur to come out through the third pipe, 


(b) From the spent oxides of the gas works : It contains 
ferric sulphide (Fe 2 S 3 ). It is exposed to air for a few days 
when sulphur is deposited. 

2Fe2S3 + 3 O 2 -> 2Fe203 + 6S 

(c) From iron pyrites : Iron pyrites is a good source of 
sulphur. It is recovered when pyrite is distilled. 


3FeS2 


Distillation 


Fe3S4 + 2S 


Pure sulphur is obtained by boiling impure sulphur at 
444®C, The vapours of sulphur evolved are condensed on the 
cold walls as a light yellow powder. 


s Allotropio Forms 


Sulphur exists in several allotropic forms, the important 
ones are described ahead: 
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1. Rhombic or octahedral or a-sulphur: This is 
the common form of sulphur. It is pale yellow in colour. It 
melts at 114.5“C. Its specific gravity is 2.06. It is insoluble in 
water but readily soluble in carbon disulphide. It dissolves to 
some extent in benzene, alcohol and ether. It is a crystalline 
variety and consists of Sg structural units packed together into 
octahedral shape. This is the stable variety at ordinary 
temperature and all other forms gradually change into this 
form. This form gets converted into monoclinic form when 
heated above 96°C. 



(a) (b) 

Fig. 11.13 Structure of Ss molecule 

2. Monoclinic or prismatic or ^-sulphur : This form 
is formed by melting sulphur in a dish and cooling till crust is 
formed. Two holes are made in the crust and liquid is poured 
out. On removing the crust, needle shaped crystals of 
monoclinic sulphur are obtained. 

This form of sulphur is stable above 95.6°C. The crystals 
are amber yellow in colour and have specific gravity of 1.96. 
Crystals melt at 119°C. It is also soluble in carbon disulphide. 
Below 95.6°C, it changes into rhombic form. Thus, 95.6“C is 
the transition temperature. 

95 6 ®C 

Rhombic sulphur ^ ' —■■ Monoclinic sulphur 

3. Plastic sulphur : This is obtained when boiling 
sulphur is poured into cold water. It is soft rubber like mass 
which hardens on standing and gradually changes into rhombic 
sulphur. It is amber-brown in colour and has specific gravity 
of 1.95. It is insoluble in CS 2 and has no sharp melting point. 
It consists of a completely random arrangement of chains of 
sulphur atoms. 

Action of heat on sulphur 

Ordinary sulphur melts at 114°C to a pale yellow mobile 
liquid. On heating further instead of becoming more mobile, it 
grows thicker. The colour changes to reddish brown and then 
to almost black. At about 180°C, the viscosity increases so 
much that it cannot be poured out by inverting the container. 
At about 200°C the viscosity begins to decrease and at its 
boiling point of 444°C, the liquid is again mobile. No definite 
explanation of these observations is known uptil now. 


Uses : Sulphur is used : 

(i) in the manufacture of SO 2 , H 2 SO 4 , CS 2 , matches, gun 
powder, fire works, etc. 

(ii) as a disinfectant for houses and for destroying bacteria, 
fiingi, insects, etc. (vapours of sulphur are poisonous for 
bacteria, etc., but not for human beings). 

(iii) for vulcanising rubber and in the manufacture of sulphur 
dyes. 

(iv) in medicine, for internal as well as external applieations. 

COMPOUNDS OF SULPHUR 

The main compounds of sulphur are, 

1. Hydrogen sulphi de or sulphuretted hydro gen _ 

2 . Oxides of sulphur 

3. Oxyacids of sulphur 

^ 1. Hydrogen Sulphide or 

Sulphuretted Hydrogen (HgSy 

Occurrence : It occurs in volcanic gases, sewage gases, 
coal gas and in several spring waters. It is found in small 
amounts in atmosphere, where it comes from the heating of 
coal and decay of animal and vegetable matter containing sulphur 
compounds. 

Laboratory preparation : Hydrogen sulphide is 
obtained in the laboratory by the action of dilute sulphuric acid 
on ferrous sulphide. 

FeS + H2SO4-> FeS04 + HaS 

As the gas is required intermittently in the laboratory, it is 
prepared in the well known Kipp's apparatus (Fig. 11.14). 

The gas obtained is always impure 3S it is contaminated 
with hydrogen. Pure hydrogen sulphide can be prepared by the 
action of pure HCl on antimony sulphide. 

SbiSs + 6HC1-> 2SbCl3 + 3 H 2 S 
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■ Properties 

Physical properties : (a) It is a colourless gas with 
unpleasant odour of rotten eggs. 

(b) It is slightly heavier than air and moderatory soluble in 
cold water. The solubility decreases in hot water. 

(c) It is poisonous in nature. It produces headache when 
inhaled in small quantities but may cause death when inhaled 
for a long time. 

(d) It can be easily liquefied by pressure. The boiling point 
is about ”6(fC. It freezes to a transparent solid at - 85 . 6 ®C. 

Chemical properties : (a) Combustibility : The gas 
bums with a blue flame in oxygen or air forming sulphur 
dioxide and water.- 

2H2S + 3O2-> 2H2O + 2SO2 

In restricted supply of oxygen, sulphur is formed due to 
incomplete combustion. 

2 H 2 S + O 2 -—^ ^20 ± 2S - 

(b) Thermal decomposition : The gas is not so stable as 
water. It decomposes on heating. The decomposition starts at 
310 ^C and completes at 1700 ®C. 

H2S ^ H2 + S 

(c) Reducing nature : Hydrogen sulphide acts as a strong 
reducing agent as it decomposes evolving hydrogen. The 
following are the important examples of its reducing action: 

(i) It reduces halogens into corresponding hydracids. 

H2S + X2 -> 2 HX + S (X2 = F2, CI2, Br2 or I2) 

(ii) It reduces ferric chloride to ferrous chloride. 

2 FeCl 3 + H2S-> 2 FeCl 2 + 2 HC 1 + S 

(iii) Sulphur dioxide is reduced to sulphur in presence of 
moisture. 

SO2 + 2H2S-> 3 S + 2H2O 

The occurrence of sulphur in volcanic regions is attributed 
due to the above reaction as both gases are present in volcanic 
gases, 

(iv) H2O2 is reduced to water. 

H2O2 + H2S-> 2H2O + S 

(v) O3 is reduced to O2. 

H2S + O3-^ H2O + S + O2 

(vi) HNO3 is reduced to NO2. 

2HNO3-^ H2O -h 2NO2 + O 

H2S + O-^ H2O + S 

2HNO3 + H2S-> 2NO2 + S + 2H2O 

(vii) H2SO4 is reduced to SO2. 

H2SO4-> H2O + SO2 + O 

H2S + O-> H2O + S 

H2SO4 + H2S-> 2H2O + SO2 + S 

[Note : H2S cannot be dried by cone. H2SO4 because it oxidises H2S to 

S. 

It is therefore dried by passing through CaCl2 or P4O10.] 


(viii) Acidified KMn 04 is decolourised. 

2KMn04 + 3 H 2 SO 4 -> K 2 SO 4 + 2MnS04 + 3 H 2 O + 5[0] 

[H 2 S + O-> H 2 O + S] X 5 

2KMn04+3H2S04+5H2S-> K2S04+2MnS04+8H20+5S 

(ix) Acidified K2Ct2^i is reduced forming green chromic 
sulphate. 

K 2 Cr 207 + 4 H 2 SO 4 K 2 SO 4 + Cr 2 (S 04)3 + 4 H 2 O + 3[0] 
[H 2 S + O H 2 O + S] X 3 


K 2 Cr 207 4‘4H2S04+ 3 H 2 S K2SD4+Cr2(SO4)3+7H20+3S 

(d) Acidic nature : The aqueous solution of H 2 S acts as 

a weak dibasic acid. It ionises as foll ows : _ 

H 2 S H'" + HS“ 2H+ + S“” 

It forms two series of salts, hydrosulphides and sulphides. 
NaOH + HjS-> NaHS +H 2 O 

. Sodium hydro- — 

sulphide 

2NaOH + H 2 S-> Na 2 S + 2 H 2 O 

Sodium sulphide 

(e) Reaction with metals and metal oxides: H 2 S 

reacts with metals and metal oxides to form corresponding 
sulphides. 

2Na + H 2 S-> Na 2 S + H 2 

Cu + H 2 S-5> CuS + H 2 

2 Ag + H2S-> AgzS + H2 

Pb + H 2 S-> PbS + Hi 

CaO + H 2 S CaS + HjO 

ZnO + HiS ZnS + H 2 O 

(f) Action on salts : Hydrogen sulphide reacts with salts 
of vaiiou.s metals forming corresponding sulphides. The metal 
sulphides can be divided into three groups. 

(i) Sulphides precipitated in acidic medium : These 
are sulphides of Hg, Ag, Pb, Cu, Bi, Gd, As, Sb and Sn. 

CUSO 4 + H 2 S-> CuS + H 2 SO 4 

Pb(CH 3 COO )2 + HiS-> PbS + 2 CH 3 COOH 

CdS04 + H 2 S-> CdS + H 2 SO 4 

HgS,CuS,PbS — Black 1 

Bi 2 S 3 -Brown Insoloble in yellow 
„ ammonium sulphide 
CdS — Yellow J 


SnS 2 , AS 2 S 3 — Yellow 
Sb 2 S 3 “ Orange 
SnS—Chocolate 


Soluble in yellow 
ammonium sulphide 


(ii) Sulphides precipitated in alkaline medium : These 
are the sulphides of Zn, Co, Ni, Mn and Fe. 

MnCl 2 + H 2 S-> MnS + 2HC1 

Ni(N 03)2 + H 2 S-> NiS + 2 HNO 3 
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ZnS 04 + H 2 S-> ZnS + H 2 SO 4 

CoS, MS; Black, ZnS; White, MnS; Flesh coloured 

(iii) Sulphides which are precipitated neither in acidic 
nor in alkaline medium ; These are the sulphides of Cr, Al, 
Mg, Ba, Sr, Ca, K and Na. 

(g) Formation of polysulphides : Poly sulphides of metals 
are obtained by passing H 2 S throu^ their hydroxides. 

Ca(OH)2 + H2S-> CaS + 2H2O 

CaS + 4 H 2 S-> CaSs + 4 H 2 

On passing excess of H 2 S through ammonium sulphide, 
yellow ammonium sulphide is formed. 

2 NH 40 H + H 2 S-- 4 (NH4 )2S +^H20 ^ 

(NH4)2S + xH2S-> (NH4)2S;,+,+ xH2 

Ammonium 

polysulphide 

■ Uses 

(i) It is an important laboratory reagent for the deta:tion of 
basic radicals in qualitative analysis, 

(ii) It is used for the prepamtion of metallic sulphides many 
of which find use in paint industry, 

(iii) It is used as a reducing agent. 

■ Tests of hydrogen sulphide 

(i) It has unpleasant odour resembling that of rotten eggs. 

(ii) It turns lead acetate paper black. 

(iii) It gives a violet colouration with a solution of sodium 
nitroprusside. 

■ Structure of H2S 

The shape of the H 2 S molecule is similar to that of the water 
molecule, i.e., V-shaped structure with bond length (H—S) 
1.35 A and bond angle (H—S—^H) 92.5°. 

JH 

H H 

% 2. Oxides of Sulphur 

Sulphur forms a number of oxides. These are ; 

(i) Sulphur suboxide, S 2 O (colourless gas) 

(ii) Sulphur monoxide, SO (colourless gas) 

(iii) Sulphur sesquioxide, S 2 O 3 (green crystalline solid) 

(iv) Sulphur dioxide, SO 2 (colourless gas) 

(v) Sulphur trioxide, SO 3 (volatile liquid) 

(vi) Sulphur heptoxide, S 2 O 7 (liquid) 

(vii) Sulphur tetroxide, SO 4 (white solid) 

Out of these, sulphur dioxide and sulphur trioxide are common 
and important and described here. 



(i) Sulphur dioxide, SO2 

Preparation : The following 
reactions can be used for the 
preparation of sulphur dioxide. 

(a) By burning sulphur in air or 
oxygen. 

S + O 2 -^ SO 2 

(b) By heating sulphur with 
concentrated sulphuric acid. 



Fig. 11.15 Structure of the 
SO 2 molecule 


S + 2 H 2 SO 4 2 H 2 O + 3 SO 2 

(c)^ By heating copper or silver widijconcentmted^sulphuric. 
acid. 


Cu + 2H2SO4-^ CUSO4 + 2H2O + SO2 

2 Ag + 2H2SO4-^ Ag 2 S 04 + 2H2O + SO2 

(d) By reacting s(^um sulphite or sodium hydrosulpMti - 
with dil HCl. 


Na 2 S 03 + 2HC1-^ 2NaCl + H 2 O + SO 2 

NaHSOs + HCl-> NaCl + H 2 O + SO 2 

(e) By roasting of sulphides. 

2ZnS + 3 O 2 -> 2ZnO + 2 SO 2 

4 FeS 2 + IIO2-> 2Fe203 + 8SO2 

The reactions (b), (c) and (d) can be used for the preparation 
of SO 2 in the laboratory while the reactions (a) and (e) are 
used in industry to obtain SO 2 . 

In places where gypsum or anhydrite are found in abundance, 
sulphur dioxide can be obtained on a large scale by heating 
gypsum or anhydrite with carbon at about 10(X)^C. 

2 CaS 04 + C-> 2CaO + 2 SO 2 + CO 2 


■ Properties 

Physical properties : (a) It is a colourless gas with a 
pungent, suffocating odour. 

(b) It is heavier than air. 

(c) It is highly soluble in water. 

(d) It can be easily liquefied to a colourless liquid at -lO'^C 
and into a snowlike solid at 

Chemical properties : (a) It neither bums nor it helps 
in burning. However, burning magnesium and potassium 
continue to bum in its atmosphere. 

3Mg + SO 2 -> 2MgO + MgS 

4K + 3 SO 2 -> K 2 SO 3 + K 2 S 2 O 3 

(b) Thermal decomposition: It decomposes at 120(fC 
producing sulphur trioxide and sulphur. 

3 SO 2 -> 2SO3 + S 

(c) Acidic nature: It is an acidic oxide. It dissolves in 
wate forming sulphurous acid. 


SO2 + H2O- > H2SO3 (Sulphurous acid) 
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The gas is, therefore, known as sulphurous anhydride. It 
combines with basic oxides and forms sulphites. 

BaO + SO2-> BaSOa 

It reacts with alkalies forming two series of salts. 

NaOH + SO2-> NaHSOa 

Sod. bisulphite 

2 NaOH + SO2-^ Na2S03 + HjO 

Sod. sulphite 

It also decomposes carbonates and bicarbonates evolving 
CO2 gas. . 

Na2C03 + 2SO2 + H2O-> 2NaHS03 + CO2 

Like CO2, iLtums lime water milky: due to the formation of 
CaS03. However, if SO2 is passed for a long time, milkiness 
disappears due to formation of soluble calcium bisulphite. 

Ca(OH)2 + SO2-> CaS03 + H2O 

(MiUdness) - 

CaSOs + H2O + SO2-> Ca(HS03)2 

Cal. bisulphite 
(soluble) 

(d) Addition reactions : (i) It combines directly with 

halogens to form sulphuryl halides. 

SO2 + CI2-> SO2CI2 (Sulphuryl chloride) 

(ii) It combines directly with oxygen in presence of a catalyst 
(platinised asbestos). 

2SO2 + O2 , " 2SO3 

(iii) It directly combines with lead dioxide to form lead 
sulphate. 

Pb 02 + SO2-> PbSOa 

(e) Reducing nature : The aqueous solution of SO2 acts 
as a reducing agent as sulphurous acid changes into sulphuric 
acid giving nascent hydrogen. 

H2O + SO2-> H2SO3 

H2SO3 + H2O-> H2SO4 + 2H 

Examples : (i) It reduces halogens to their respective 
hydracids. 

SO2 + 2H2O-> H2SO4 + 2 H 

2H + CI2->2HC1 

SO2 + 2H2O + CI2-> H2SO4 + 2HC1 

(ii) Acidified KMnOa is reduced, Le., it is decolourised. 

2 KMn 04 + 3H2SO4-> K2SO4 + 2 MnS 04 + 3H2O + 5 [ 0 ] 

[SO2 + 2H2O-> H2SO4 + 2 H] X 5 

[ 2 H + 0 -> H2O] X 5 

2KMn04 + 5SO2 + 2H2O-^ K2SO4 + 2MnS04 + 2H2SO4 

(iii) Acidified K2Cr207 is turned green due to formation 
of chromic sulphate. 
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K 2 Cr 207 + 4H2SO4-> K2SO4+Cr 2 (S 04)3 + 4H2O + 3 [ 0 ] 

[SO2 + 2H2O-> H2SO4 + 2 H] X 3 

[ 2 H + O-> H2O] X 3 

K2Gr207 4 3SO2 + H2SO4-^ K2SO4 + Cr2(S04)3 + H2O 

(Green) 

(iv) Ferric sulphate is reduced to ferrous sulphate. 

SO2 + 2H2O-> H2SO4 + 2 H 

Fe 2 (S 04)3 + 2 H-> 2 FeS 04 + H2SO4 

Fe2(S04)3 + SO2 + 2H2O-> 2FeS04 + 2H2SO4 

(v) It reduces acidified iodates to iodine. 

, [S 02 .±^ 2 H 2 D.=^^H 2 SQ 4 ^t 2 H].„x^ 5 __ 

2KIO3 + H2SO4-> K2SO4 + 2HIO3 

2HIO3 + lOH-> I2 + 6H2O 

2KIO3 + 5802 + 4H20^^^^ K2SO4 + 4H2SO4 + I2_ 

(f) Oxidising nature: It also acts as an oxidising agent 
particularly when treated with stronger reducing agents. 

(i) It oxidises H2S into S. 

2H2S + SO2-> 2H2O + 3 S 

(ii) Metals are oxidised by SO2. 

- 3 Mg + SO2- > 2 MgO + MgS 

4 K + 3SO2-> K2SO3 + K2S2O3 

- 3 Fe + S02-> 2 FeO + FeS 

(iii) CO is oxidised to CO2 by SO2. 

2 C 0 + SO2-> 2CO2 + S 

(iv) At 10 (X)“C, it oxidises hydrogen into water. 

SO2 + 2H2-> 2H2O + S 

(v) Stannous and mercurous salts are oxidised in presence 
of excess of HCl. 

2 SnCl 2 + SO2 + 4 HC 1 -> 2 SnCl 4 + 2H2O + S 

2 Hg 2 Cl 2 + SO2 + 4 HC 1 -> 4 HgCl 2 + 2H2O + S 

(g) Bleaching action : SO2 in presence of moisture acts 
as a bleaching agent. This is due to the reducing nature of SO2. 

SO2 + 2H2O-> H2SO4 + 2 H 

Coloured matter + H-> Colourless matter 

The bleaching is temporary. The bleached matter when 
exposed to air regains its colour due to oxidation. 

■ Uses 

(i) It is used in the manufacture of sulphuric acid and paper 
from wood pulp (use of bisulphites). 

(ii) It is used as a bleaching agent for delicate articles like 
wool, silk and straw. 

(iii) It is used in refining of petroleum and sugar. 

(iv) As a disiiifectant for killing disease germs, fungi and 
certain moulds. 
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(v) As a refrigerant in the form of liquid SO2. 

(vi) It is used as an antichlor for removing chlorine from a 
fabric after bleaching. 

Structure; Already described in section ILl ( 3 b). 


(ii) Sulphur Trioxide, SO3 

Preparation : Sulphur trioxide is 
obtained: 

(i) by dehydrating sulphuric acid with 
excess of phosphorus pentoxide. 

6H2SO4 + P4O10-> 4H3PO4 + 6SO3 

(ii) by heating ferric sulphate strongly. 



Fig. 11.16 Structure 
of the SO3 molecule 


Fe 2 (S 04)3 > Fe203 “f 3 SO 3 


(iii) by oxidation of SO2 with oxygen in presence of a 
catalyst (commercial method). 

2 SO 2 + Q 2 ^=^ 2503 

Both SO2 and O2 shSiM b8 c^mp® mMOte is 

passed over platinised asbestos at 400 “G, when SO3 is 
formed. 


Properties 

(i) SO3 exists in three allotropic forms : 

(a) a-S03; It is chemically active form. If forms long 
transparent ice like crystals. The melting point of this form is 
17 T. 

(b) P-SO3: It is dimeric (S2O5). It forms needle like 
silky white crystals. It melts at 32 . 5 ®C. Above SfrG, it changes 
to a-form. 

(c) 7-803 : It is like P-form and obtained by completely 
drying P-SO3. It melts at 62 . 2 “C under 2 atmospheric pressure. 

(it) SO3 is an acidic oxide. It dissolves in water forming 
sulphuric acid with evolution of heat. 

SO3 + H2O-> H2SO4 4 * heat 

It reacts with b^ic oxides forming sulphates. 

CaO + SO3-> CaS04 

Na20 + SO3-> Na2S04 

(iii) It dissolves in concentrated sulphuric acid forming oleum 
(fuming sulphuric acid). 

H2SO4 + SO3-> H2S2O7 

(iv) It dissociates on heating at lOOlTC into SO2 and O2. 

2SO3 — —^ 2SO2+02 

(v) It combines with concentrated hydrochloric acid and 
forms chloro-sulphonic acid, a derivative of sulphuric acid. 

SOa+HCl-> S 02 ( 0 H)C 1 

CWoTO’-sulphonk acid 

(vi) SO3 acts as an oxidising agent. 

Examples: 2SQ3+S 380 ; 


5SO3 H- 2 P-^ 5SO2 + P2O5 

S03 + PC15 —> POC13 +S02+C12 

Phosphoryl 

chloride 

SO3 + 2 HBr-> H2O + Br2 + SO2 


Uses 

(i) In the manufacture of sulphuric acid and oleum. 

(ii) It is used as a drying agent for gases. 

Structure: Already discussed in section 11.1 ( 3 b). 

^ 3. Oxyacids of Sulphur 

A large number of oxyacids are known in the case of sulphur 
either in free state or in the form of salts or both. Oxyacids 
with S—S links are called thioacids. Acids having sulphur in 
lower oxidation state belong to -ous series while those having 
sulphur in higher oxidation state belong to -ic series. Eor- 
example: ’ " 

Sulphurous acid (H2SO3) O.N. sulphur, 44 
Sulphuric acid (H2SO4) O.N. sulphur, +6 
The following are main oxyacids of sulphur : 


(1) Sttlpburous add seii^: 

Oxidation Number 

(i) Sulphurous acid, H2SO3 

+4 

(ii) Thiosulphurous acid, H2S2O2 

+1 

(iii) Hyposulphurous acid, H2S2O4 

+3 

(iv) Pyrosulphurous acid, H2S2O5 

+4 

( 2 ) Sidphudc add series: 

(i) Sulphuric acid, H2SO4 

+6 

(ii) Thiosulphuric acid, H2S2O3 

(iii) Pyrosulphuric acid, H2S2O7 

+6 

( 3 ) Thionlc acid series: 

(i) Dithionic acid, H2S2O6 

4-5 


(ii) Polythionic acid, H2S„06 (n = 3 , 4 , 5 , 6) 

(4) Peroxy acid series : 

(i) Peroxy monosulphuiic acW, H2SO5 (Caro’s a:id) 46 

(ii) Peroxy disulphuric acid, H2S20g (Marshall’s acid) 46 
Only two oxyacids (sulphurous acid and sulphuric acid) are 

described below : 

(1) Sulphurous Acid, H 2 SO 3 

This acid is known only in solution. The solution is obtained 
by dissolving sulphur dioxide in water. 

SO24H2O-> H2SO3 

The solution gives a smeU of sulphur dioxide which is evolved 
completely on heating. It is, thus, believed that the acid is 
present in equilibrium with the free gas. 

H2SO3 H2O 4 SO2 

Properties : It is a strong dibasic acid. It ionises in two 
stages. 

H2SO3 4 HSO3 2 H'" 4 SOr 
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It thus forms two series of salts. The salts are known as 
bisulphites (e.g., NaHS03) and sidphites (e,g., Na2S03). The 
salts are fairly stable. 

Like SO2, it acts as a reducing agent and shows bleaching 
properties. These properties have been described under sulphur 
dioxide. 

The acid also acts as an oxidising agent particularly when 
treated with strong reducing agents. 

Structure : Sulphurous acid is believed to exist in two 
forms which are always in equilibrium with each other. 



Symmetrical Unsymmetrical 

There is more evidence in favour of symmetrical formula. 

(i) T^e preparation of suli^mou^^ by the action of 
H2O on thionyl chloride supports symmetrical formula. 

^rjjOH /OH 

0 <-s/ -> 0 <-S<^ + 2 HC 1 

^LZiH oh ^OH 

(ii) The molecule of sulphurous acid readily takes up oxygen 
or sulphur atom. This can be explained if symmetrical formula 
is accepted. 



The unsymmetrical formula explains the reducing character 
due to presence of H—S bond and it also accounts for the 
formation of bisulphite HSO3 ion. 

X-ray analysis of the crystal of Na2S03 has reveal^ that 
SO 3” ion has a pyramidal structure with three oxygen atoms 
in a triangle. This structure can be possible from sp^ 
hybridization of excited sulphur atom giving a tetrahedral 
configuration 


35 

ti 



t 


3 

sp hybridization (three sigma 
bonds with three oxygen atoms 
and one position occupied by 
lone pair) 


forms 11-bond 
{dn—pn bond) with 
one of the oxygen 
atoms. 


Fig.11.17 


Pyramidal structure of SOf ion 


in which one position is occupied by a lone pair. This distorted 
tetrahedral’stfuctufe rMuces^’lo ”~ppamdS''sMctuie^ 


( 2 ) Sulphuric Acid (oil of vitriol) H 2 SO 4 

Sulphuric acid is considered as the King of chemicals. The 
prosperity of-any country is measured by the amount of- 
sulphuric acid it consumes. Sulphuric acid is, thus, a substance 
of very great commercial importance as it is used practically 
in every important industry. 

In ancient days, it was called oil of vitriol as it was prepared 
by distilling ferrous sulphate (Green vitriol). 

2 FeS 04 - 7 H 20 -^^Fe 203 + H2SO4 +SO2 + I3H2O 

(Green vitriol) (Oil of vitriol) 

Native sulphur is the starting material for the preparation of 
sulphuric acid. Sulphur is burnt and e^Oy converted into sulphur 
dioxide. The conversion of sulphur dioxide into sulphur trioxide 
is a matter of difficulty. It requires either a catalyst or a strong 
oxidising agent. The trioxide dissolves in water to form sulphuric 
acid. The whole process may be summarised as : 

S ■-> SO2-> SO3-> H2SO4 

For the oxidation of sulphur dioxide into sulphur trioxide, 
the following reactions may be used; 

(i) By atmospheric oxygen in presence of a catalyst, 
V2O5, at 40 (fC, 

V2O5 

2SO2 + O2 .".'.» 2S03 

SO3 + H2O-> H2SO4 

(ii) By CI2 or Br2 in presence of moisture,, 

SO2 + 2H2O + CI2-> H2SO4 + 2 HC 1 

SO2 + 2H2O + Br2-> H2SO4 + 2 HBr 

(iii) By H2O2, 

SO2 + H2O2-> H2SO4 

(iv) By ozone (O3), 

3SO2 + O3-> 3SO3, 

SO3 + H2O-> H2SO4 

(v) By cone. HNO3, 

SO2 + 2HNO3-> H2SO4 + 2NO2 
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Manufacture 

Sulphuric acid is manufactured these days by the following 
two processes : 

(a) Lead chamber process 

(b) Contact process 

■ (a) Lead Chamber Process 

rinciple: The mixture containing sulphur dioxide, air 
andtnitric oxide when treated with steam, sulphuric acid is 
formed. 

2SO2+ O2 +2H2O+ [NO] -> 2H2SO4+ [NO] 

Sulphur (Air) (Steam) Cat^yst Sulphuric Catalyst 

dioxide _____„.acid___ 

Nitric oxide acts as a catalyst in this reaction. Various 
mechanisms have been proposed for this reaction. 

(i) Berzelius mechaiusm : Nitric oxide, NO combines 
with oxygen of the air: and is oxidised to nitrogen dioxide 


2 NO + O2-> 2NO2 

SO2 is oxidised by nitrogen dioxide into sulphur trioxide 
which reacts with steam forming sulphuric acid. 

502 + NO2-^ SO3 + NO 

503 + H2O-> H2SO4 

NO formed reacts again with oxygen of air and is oxidised 
to NO2. Thus, NO and NO2 act as oxygen carriers. 

(u) Davy and Lunge mediamsm : Nitroso-sulphuric acid 
is first formed as an intermediate product which then reacts 
with water forming sulphuric acid. 

NO + NO2 ->N203 

2SO2 + N2O3 + O2 + H2O-> 2HSO4 NO 

Nitroso-sulphuric acid 
(Intermediate product) 

2HSO4 NO + H2O-^ 2H2SO4 + NO + NO2 

Working and Plant 

The plant used for the manufacture of H2SO4 in lead chamber 
process is shown diagrammatically in Fig. 11 . 18 . 


Nitrated acid 


Nitrated acid 
Chamber acid 


Tower acid 



Pyrite 

burners 


80 % acid 


Fig. 11.18 


The various parts of the plant and their functions are described 
below : 

(a) Pjnrites or snilplmr burners: These are specially 
designed brick furnaces where iron pyrite or sulphur is burnt. 
The supply of air is regulated by sliding doors. 

4 FeS 2 + IIO2-> 2Fe203 + 8SO2 

S + O2-^ SO2 

(b) Dust chamber : Hie dust chamber is provided with 
baffle walls where dust particles in the gaseous mixture coming 
from the burners separate due to gravity. This can also be done 
by using Cottrell electrostatic dust precipitator. [This part is 
not shown in Fig. 11 . 18 .] 

(c) Mire pots I; BuineFgases ~are ^ a 

nitre oven in which potassium nitrate is heated with sulphuric 
acid. The nitric acid is decomposed by SO2. 

KNO3 + H2SO4-> KHSO4 + HNO3 

2HN03'+ 2S02 -^ HiCr^ NO 

In modem plants, oxides of nitrogen are produced by the 
catalytic oxidation of ammonia. 

4NH3+502 4N0+6H20 

2 NO + O2-> 2NO2 

(d) Glover’s tower : The tower is made of steel. It is 
lined inside with sheet of lead or acid resisting bricks. It is 
packed with flint stone or quartz. There are two tanks at the 
top. One tank contains the dilute chamber acid and other the 
nitrated acid from the base of the Gay-Loss^ tower. Both 
these acids are mixed and then allowed to flow down slowly 
in Glover’s tower. The gases are allowed to enter from the 
base of the tower. The following four functions occur in this 
tower : 

(i) The gases are cooled down from about 400 °C to 80 ®C. 

(ii) Dilute chamber acid is concentrated. 

(iii) The nitrated acid from Gay-Lussac tower is denitrated. 

2 N 0 ‘HS 04 + H2O-> 2H2SO4 + NO + NQ2 

(iv) Some SO2 is converted into H2SO4. 

The sulphuric acid is collected at the bottom of the tower 
and is about 80 %. 

(e) Lead chambers ; The gaseous mixture (SO2, air, 
oxides of nitrogen) is then allowed to enter three or more large 
chambers made of lead and supported in wooden frames. 
Steam is admitted into these chambers from the top when 
dilute sulphuric acid is formed. 

502 + NO2-> SO3 + NO 

503 + H2O-> H2SO4 

The acid is collected at the bottom of the chambers in a 
common receiver. This is known as chamber acid and contains 
65 - 70 % H2SO4. It is pumped to the top of Glover’s tower for 
the concentration. 

(f) Gay-Lussac tower: The residual gases mainly air 
and oxides cf nitrogen from the lead chambers are allowed to 
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enter another tower called Gay-Lussac tower. This tower is 
lined with sheet lead packed with coke. A stream of cold 
concentrated sulphuric acid pumped from the base of Glover’s 
tower flows down when it absorbs oxides of nitrogen from 
residual gases. 

2H2SO4 + NO + NO2-> 2NO HSO4 + H2O 

Nitrated acid 

This acid is pumped on the top of the Glover’s tower. 

The waste gases are allowed to escape through a chimney 
on the extreme right of the plant. 

Removal of impurities : The chief impurities present in 
the sulphuric acid manufactured by lead chamber process are: 

(i) arsenious oxide-(from-pyrites).- -- 

(ii) lead sulphate from the action of H2SO4 on lead chamber. 

(iii) oxides of nitrogen. 

These are removed as follows : 

(a) The acid is diluted with water when lead-sulphate is 
precipitated which is filtered off. 

(b) Hydrogen sulphide is passed through dilute sulphuric 
acid which combines with arsenious oxide to form arsenious 
sulphide. 

AS2O3 + 3H2S-> AS2S3 + 3H2O 

Arsenious sulphide is filtered off. 

(c) The acid is now distilled over ammonium sulphate when 
oxides of nitrogen are reduced to nitrogen. 

(NH4)2S04 + no + NO2 2N2 + 3H2O + H2SO4 

Usually, the chamber acid is not purified and is used as such 
for most of the purposes. Whenever pure H2SO4 is needed, 
the acid manufactured by the contact process is med. 

Concentration of chamber acid t The acid obtained from 
Glover’s tower contains about 80 % H2SO4 and is known as 
brown oil of vitriol (B.O.V.) due to its colour. It can be further 
concentrated and the concentrated acid is called rectified oil of 
vitriol (R.O.V.). The concentration is done by evaporation of 
water present in the acid with the help of hot gases. Two 
methods are used for this purpose : 

(a) Cascade process and 

(b) Gaillard process. 

(a) Cascade process : A series of ferrosilicon dishes are 
arranged, one below the other, on a slop^. The heating is done 
by means of hot gases playing Mow the dishes (Fig. 11 . 19 ). 
As the acid flows downwards, it is subjected to stronger heat, 
so that when it reaches the lowermost dish it has been 
concentrated to the maximum. Addition of ammonium sulphate 
during concentration helps to remove any dissolved oxides of 
nitrogen. 


Acid vapours 



(b) Gaillard process : The dilute acid is allowed to flow 
down in the fomi of a spray in a tower lined with acid resisting" 
stone. Hot air enters from the base of the tower. The dilute acid 
comes in contact with hot air and loses water content. By the 
time the acid reaches the bottom, it becomes concentrated to 
about 95 % (Fig. 11 . 20 ). 


DiLH2^4 



■ (b) Contact Process 

Principle : This process involves the oxidation of sulphur 
dioxide by air in the presence of a catalyst. 

2SO2+02 2SO3 

Sulphur trioxide is dissolved in 98 % sulphuric acid when 
oleum is formed. 

H2SO4 + SO3-> H2S2O7 (Oleum) 

Sulphuric acid of any desired concentration can be 
obtained from oleum by dilution with water. 


H2S2O7 + H2O-> 2H2SO4 
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The oxidation of sulphur dioxide is reversible and 
exothermic. 

2SO2 + 02 ^ 2SO3 + 46.98 kcal 

According to Le-Chateher principle, the favourable conditions 
for the greater yield of sulphur trioxide are: 

(a) An excess of air: Best results are obtained when SO2 
and oxygen are present in molecular proportion of 2 : 3 . 

(b) A low temperature : The optimum temperature is 
450 °C. Even at this temperature, the rate of reaction is slow 
and to accelerate the rate of reaction a catalyst is required. The 
commonly used catalysts are platinum, ferric oxide or vanadium 
pentojude^jit oLthese,- theT 3 est-yield 4 s^btained by^he^use 
of platinum. But it is very expensive and is easily poisoned by 
impurities. The purification of gases is done carefully when 
platinum is used as the catalyst. Nowadays, vanadium pentoxide 
(V2O5) is prefeired it is cheaper _and .not poisoned .by 
impurities. However, it cannot be recovered after usd 

(c) A higher pressure : The optimum pressure for carrying 
the oxidation of sulphur dioxide is kept about one atmosphere. 

Working and Plant 

The manufacture of sulphuric acid involves three steps : 

(i) Production of sulphur dioxide 

(ii) Conversion of SO2 into SO3 

(iii) Absorption of SO3 in H2SO4 

The plant used has been shown diagrammatically in Fig. 

11 . 21 . 

The various parts of the plant and their functions are 
described below : 

(a) Pyrite burners or sulphur burners ; It is a kind of 
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furnace in which sulphur or iron pyrite is burnt to sulphur 
dioxide. 

S + O2 . SO2 

4FeS2 IIG2-> 2Fe203 + 8SO2 

The gases leaving the furnace contain SO2, air, dust particles 
and arsenious oxide. 

(b) Purification unit : The gases are passed into dust 
chamber in which heavy dust particles are removed by 
mechanical precipitation aided by steam or electrically by using 
the Cottrell precipitator. The gases are now passed through 
cooling pipes and cooled to 100 “C. The gases are led to steam 

scrubbe r w here t hese are washed with steam or s pray of_ 

water. The dust particles and impurities soluble in water are 
removed. If the catalyst is vanadium pentoxide, the gases 
should be made completely free from chlorine by using lime 
water in the scrubber. _ 

The gases are dried by passing througlr the drying tower^— 
packed with coke or flint stone. A steam of concentrated acid 
flows down in this tower. Finally, the gases are allowed to 
arsenic purifier which contains shelves holding ferric hydroxide. 
Ferric hydroxide absorbs arsenious oxide. The dry and pure 
mixture of SO2 and air is then sent to the testing box in order 
to test the purity of the gas mixture. 

(c) Preheater and contact tower : The dry and pure 
mixture of SO2 and air is preheated to about 400 “C are allowed 
to enter contact chamber (Fig. 11.22). It consists of iron 
cylinder containing a-number of vertical pipes packed with 
platinised asbestos heated to about 450 °C. SO2 is oxidised to 
SO3 by O2 of the air. As this conversion is an exothermic 
reaction, the heat evolved maintains the temperature of the 
catalyst. 


SOg + Oj 


Air 
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Fig. 11.22 Contact tower 


(d) Absorption tower : The SO3 formed is passed up an 
absorption tower where it meets a descending stream of cone. 
H2SO4. The acid absorbs sulphur trioxide forming oleum 
(fuming sulphuric acid). The SO3 cannot be absorbed in water 
because it produces a dense fog which does not easily condense. 

COMPARISON BETWEEN THE LEAD CHAMBER 
AND CONTACT PROCESSES 


Lead chamber process 

L Catalyst used is a gas—nitric 
oxide. 

2 . Acid obtained is impure. 

3 , Acid obtained is 80 %. 


Contact process 

Catalyst used is a solid vanadium 
pentoxide or platinum asbestos. 

Acid obtained is pure. 

Oleum is obtained. Sulphuric acid 
of any concentration can be 
obtained from oleum. 


4 . Methods of concentration of the 
acid are troublesome. 

5 . It is not necessary to purify the 
gases. 

6. It is a cheaper method. 


Furdier concentration is not 
necessary. 

It is absolutely necessary to purify 
the gases as impurities act m 
poison to catalyst. 

This method is costly. The cost 
been reduced by the use of V2O5 
in place of platinum. 


HO 

HO 


\ .O-HO 
^ ^0 ---H0 




(b) It boils at 338 °C (constant boiling mixture containing 
98 . 3 % H2SO4 and 1 . 7 % water). It freezes into colourless 
crystals at 10 . 5 “C. 

(c) It fiimes strongly in moist air and is highly corrosive in 
nature. 

(d) It is a conductor of heat and electricity. 

(e) It is highly soluble in water. Various hydrates such as 
H2SO4 H2O, H2S04-2H20, H2S04-3H20, H2SO44H2O, are 
known. Heat is evolved when dissolved in water, usually 
bumping ^ceursT Due to tMs reason ^ater should not 1^^^^ 
added to concentrated sulphuric acid for dilution but 
concentrated sulphuric acid should be added slowly to a>ld 
water with constant stirring. Due to its great affinity for 
water, it is used as a dehydrating substance. 

.Chemical" properlfes4"^ 

(a) Dfesociation: At 444 “C, the vapours of sulphuric 
acid dissociate into steam and sulphur trioxide, 

H2SO4 H2O + SO3 

(b) Acidic nature : Dilute sulphuric acid is a strong dibasic 
acid. It ionises as : 

H2SO4 H'*' + HSOi 2 H+ + SO4" 

(i) It forms two series of salts with bases. 

NaOH + H2SO4-> NaHS04 + H2O; 

Sodium 

bisulphate 

2 NaOH + H2SO4-^ Na2S04 + 2H26 

Sodium 

sulphate 

(ii) It decomposes carbonates and bicarbonates into carbon 
dioxide. 

Na2C03 + H2SO4-> Na2S04 + HjO + CO2 

NaHCOj + H2SO4-> NaHS04 + H2O + CO2 

(iii) It reacts with electropositive metals evolving hydrogen. 

Zn + H2SO4-> ZnS04 + H2 

Fe + H2SO4-> FeS04 + H2 

(iv) It displaces more volatile acids from their metal salts. 

2 NaCl + H2SO4-> Na2S04 + 2 HCI 

Ca3(P04)2 + 3H2SO4-> 3CaS04 + 2H3PO4 

CaC204 + H2SO4-> CaS04 + H2C2O4 

Calcium oxalate Oxalic acid 


Properties 

Physical properties : (a) It is a colourless syrupy liquid. 
It contains 98 . 3 % sulphuric acid. Its specific gravity is 1.84 
at 15 "C. It has high viscosity because its molecules are 
associated, due to hydrogen bonding. 


FeS + H2SO4-> FeS04 + H2S 

2CH3COONa + H2SO4-> Na2S04 + 2CH3COOH 

2NaN03 + H2SO4-> Na2S04 + 2HNO3 

CaFj + H2SO4-> CaS 04 + 2 HF 
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2NaN02 + H2SO4 —> Na2S04 + 2HNO2 

4 . 

NO + NO2 + H2O 

(c) Oxidisli^ nature: It acts as a strong oxidising agent. 
The potential equation is: 

H2SO4-> H2O + SO2 + O 

(Hot cone.) 

or 2H2SO4 + 2 e~ 804^ + 2H2O + SO2 

(i) Non-metals such as carbon and sulphur are oxidised to 
their oxides. 

[H2SO4-> H2O + SO2 + O] X 2 

C + 20 -> CO2 

C + 2H2SO4-» CO2 + 2SO2 + 2H2O 

[H2SO4-> H2O + SO2 + O] X 2 

S + 20 -> SO2 

S + 2H2SO4 3802 + 2H2O 
Phosphorus is oxidised to orthophosphoric acid. 

[H28O4-> H2O 4- 8O2 + O] X 5 

2 P 4 - 50 —4 P2O5 

P2O5 + 3H2O-> 2H3PO4 

^P 4- 5H28O4-» 2H3PO4 4- 5802 

(ii) Metals like copper, silver, mercury, etc., are first oxidised 
by cone. H2SO4 and then the oxides combine with acid to 
form corresponding sulphates. 

H28O4 —^ H2O 4- 8O2 4 - O 

Cu + O-> CuO 

CuO 4 " H28O4-^ CU8O4 4 - H2O 

Cu 4 - 2H28O4- > CUSO4 4 - 8O2 4 - 2H2O 

2 Ag 4- 2H2SO4-> Ag2S04 4 - SO2 4 " 2H2O 

Hg 4- 2H28O4-> Hg804 4- SO2 4- 2H2O 

(iii) Iodine is liberated from KI (HI is oxidised to I2) 

2 KI 4 - H28O4-> K2SO4 4 - 2 HI 

H2SO4-> H2O 4 - 8O2 + O 

2 HI 4 - O-> H2O 4 - I2 

^ 4 - 2H28O4-» K28O4 4 - 8O2 + I2 4 - 2 H^ 

8imilarly, bromine is liberated from KBr (HBr is oxidised to 
Br2). 

2 KBr 4- 2H28O4-> K28O4 4 - 8O2 4 - Br2 4 - 2H2O 

(iv) In presence of Hg as a catalyst, naphthalene is oxidised 
to phthalic acid. 


C10H8 + 9H2SO4-> CgH 604 4-IOH2O4-9SO24-2CO2 

Phthalic acid 


(d) Dehydrating nature: As sulphuric acid has great 
affinity for water, it acts as a powerful dehydrating agent. Its 


corrosive action on skin is also due to dehydration of skin. It 
absorbs water from organic compounds. 

H2SO4 

C.2H220n-^ 12c 

Cane sugar (“1IH2O) 

C6H12O6 6 C 

Glucose (--6H2O) 

(C00H)2 ) CO -p CO2 

Oxalic acid (“^2^) 

HCOOH > CO 

Formic acid (-H2O) 

2C2H5OH ..> C 7 H^d C 7 Hs _ 

Ethyl aicohof Ether 

Cloth, wood, Starch, paper, etc., are all charred in con- 
centrated sulphuric acid. 

(e) Miscellaneous reactions : 

(i) Sulphonatton: Ardmafic coinpounds reaet^^ sulphuric 

acid forming sulphonic acids. 


+ H2SO4-> C6H5SO3H + H2O 

Benzene Benzene 

sulphonic acid 

(ii) Action of PCIs: The molecule of sulphuric acid 
contains two hydroxyl groups. One or both the hydroxyl groups 
can be replaced by chlorine when treated with PCI5. 


O28 


O28 


OH 

/Cl 

4-PCI5- 

028 <f 4 - POC 13 4 -HC 1 

OH 

^OH 


Chloro-sulphonic 


acid 

OH4-PCI5 

/Cl 

— 

—4 O2S 4- 2POCI3 + 2 HC 1 

OH4-PCI5 

^C1 


Sulphuryl 

chloride 


(iii) On heating potassium ferrocyanide with concentrated 
sulphuric acid, carbon monoxide is evolved. 

K4Fe(CN)6 4 - 6H28O4 + 6H2O-> 

2K28O4 4- Fe804 4- 3(NH4)2804 4- 6CO 

(iv) On heating potassium chlorate with concentrated 
sulphuric acid, chlorine dioxide is evolved with explosion. 

3KCIO3 + 3H28O4-P 3KHSO4 + HCIO4 + 2CIO2 4- H2O 

(v) 8ulphuric acid reacts with barium and lead salts to form 
insoluble sulphates. These sulphates are even insoluble in cone. 
HCl and cone. HNO3. 

BaCl2 4 - H28O4 —4 Ba804 4 - 2 HC 1 
Pb(N03)2 + H2SO4-4 Pb804 4 - 2HNO3 

(vi) H28O4 absorbs sulphur trioxide forming oleum or fuming 
sulphuric acid. 
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H2SO4 +SO3-^ H2S2O7 

“^Oleum 

(vii) H2SO4 when treated with phosphorus pentoxide loses 
water and forms sulphur trioxide, 

H2SO4 + P2O5-> 2HPO3 + SO3 


Uses 


^owever, the ion shows a considerable amount of double 
character as the bond lengths are all rather short. Thus, the 
sulphate ion is a resonance hybrid, as represented below : 



It is used: 

(i) for the manufacture of fertilizers such as ammonium 
sulphate and superphosphate of lime, 

(ii) in the manufacture of other acids such as hydrochloric 
acid, orthophosphoric acidr-nitrie-acid^etc. 

(iii) in the manufacture of explosives such as, nitroglycerine, 
gun cotton, TNT (trinitro-toluene), picric acid, etc. 

(iv) in the manufacture of important chemicals such as 
sodium carbonate, alums, metal sulphates, ethers, phosphorus, 
etc, 

(v) in the refining of petroleum. 

(vi) in the manufacture of coal-tar dyes and a number of 
drugs and disinfectants. 

(vii) in the textile, paper and dyeing industries. 

(viii) in the leather industry for tanning. 

(ix) for cleansing metals before electroplating, enameling, 
galvanising, etc., (Pickling). 

(x) in storage batteries. 

(xi) in manufacturing paints and pigments. 

(xii) as an important laboratory reagent. In organic chemistry 
it is used for synthesis of various organic compounds and 
sulphonation reactions. It is also used as an oxidising and a 
dehydrating agent. 

Structure : Sulphuric acid has two OH groups whidi are 
directly attached to sulphur. The molecule has been assigned 
the following structure: 


The unionised acid is, themfore, resonance hybrid of the 
following two structures: 




s^< 


.0—H 


^O—H 



O—H 


O—H 


In crystals, SO4 ion has a tetrahedral stnjcture. This can 
be explained on the basis of sp^ hybridization. ^ 


S-atom in excited state 



sp^ hybridization 
tetrahedral geometry 



O 

T 

HO—S—OH 

i 
o 

The sulphate ion, 804“, is therefore, represented as 

i2- 


: 0 : 

• # 

h:o: s :o:h 

mm mm 

m m 

: 0 : 

^2- 


o 

t 

o—s- 

i 

o 


-o 


Flg. 11.23 Tetrahedral geometry of SO4 Ion 

Tssts for H2SO4 1 

( 1 ) When heated with copper, it evolves SO2 which has a 
characteristic smell. The gas reacts with acidified K2Cr207 
solution which is turned green. 

(2) It forms white precipitate with barium chloride solution 
which is insoluble in cone. HCl and cone. HNO3. 

( 3 ) When heated with NaCl, it evolves HCl which forms 
white fumes with NH4OH. 
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Example 1. A is a binary compound of univalent metal. 
1.422 g of A reacts completely with 0.321 g of sulphur in an 
evacuated and sealed tube to give 1.743 g of a white crystalline 
solid, B, that forms a hydrated double salt, C, with Al2iS04)-}. 
Identify A, B and C. [LI.T.1994] 

Solution; 

As the solid B forms a hydrated double salt with Al2(S04)3, 
it should be a sulphate of a univalent metal, M2SO4. 

One molecule of sulphate contains one sulphur atom, i.e., 
themass of the“sulphare which ccmtMns' 32 :rg^lpljufsKburd. 
be its molecular mass. 

0.321 g sulphur is present in ( 1.422 + 0.321 = 1.743 g) of B. 

1 'JA'l 

32.1 g of sulphur is present in = x 32.1 = 174.3 g 

Let the atomic mass of univalent metal be x. 

M2SD4 = 2 x + 32.1 + 64.0 = 174.3 

or 2 x= 78.2 

X = 39.1 

Atomic mass 39.1 corresponds to potassium. 

Thus, the compound B is K2SO4 and the compound C is 
K 2 S 04 -Al 2 (S 04 ) 3 - 24 H 20 . 

Since, B is formed with interaction of A and sulphur, A must 
be an oxide of potassium (most probably KO2). 

2KO2 + S -^ K2SO4 

2 X 71.1 32.1 1743 

32.1 g of S reacts with A - 2 x 71.1 g 

0.321 g of S reacts with A = 0.321 = 1.422 g 

Thus, A is supported by the given data. 

A is, therefore, potassium superoxide, KO2. 

Example 2. When gas A is passed through dry KOH at 
low temperature, a deep red coloured compound, B and a gas 
C are obtained The gas A, on reaction with but- 2 -ene, followed 
by treatment with ZnlH20 yields acetaldehyde. Identify A, B 
and C, [LLT. 1994 ] 

Solution : 

The reaction of gas A with but“ 2 -ene followed by treatment 
with Zn/H20 suggests that A is O3. 


CH3 CH "CH3 yCH 
CH 3 —CH tHs —CH—Cr ^ 

But-2-ene Ozonide 


Acetaldehyde 


Reaction with KOH 

2 KOH + 5O3-> 2 K 03 + 5O2 + H2O 

(.A) (B) (C) 

(Deep red coloured) 

Example 3 . How you will obtain the following from 
sulphuric acid ? 

(0 SO2 (ii) SO3 (Hi) SO2CI2 (iv) H2S (v) S. 

Solution: 

(il SOt is obt a ined b y heating copper with cone.Jtt2SQ4._ 

Cu + 2H2SO4 .) CUSO4 + SO2 + 2H2O 

It can also be obtained by boiling sulphur with cone. H2SO4. 

S + 2H2SO4-> 3SO2 + 2H2O 

(ii) H2SD4: when treated. with-E205 loses water and fonn&=2 
SO3. 

H2SO4 + P2O5-> 2HPO3 + SO3 

(iii) SO2CI2 is formed when cone. H2SO4 is treated with 
excess of PCI5. 

H2SO4 + 2PCI5-> SO2CI2 + 2POCI3 + 2 HC 1 

(iv) and (v) H2S and S are obtained from cone. H2SO4 by 
the following reactions. 

4 C Hn Oxid 

BaCl2 +H2SO4 ^ BaS04-> BaS —^ H2S-> S 

Example 4 . Explain the following : 

(i) An acidified K2Cr20'j paper turns green when exposed 
to SO2. 

(ii) H2S acts only as reducing agent while SO2 can act both 
as a reducing agent and an oxidising agent, 

{Hi) SO2 acts as a bleaching agent. 

(iv) Sugar turns black on addition of cone. H2SO4. 

(v) Ozone destroys mercury meniscus. 

(vO SF5 is known but SH^ is not known. 

Solution: 

(i) Acidified K2Cr2C>7 acts as an oxidising agent in presence 
of SO2 and converted into chromium compound which is 
green in colour, 

K 2 Cr 207 + 4H2SO4 ") K2SC4 Hh Cr 2 (S 04)3 Hh 4H2O + 30 
3SO2 + 30 + 3H2O-^ 3H2SO4 

K2Cr207 + H2SO4 + 3SO2-^ K2SO4 + Cr2(S04)3 + H2O 

Green 

(ii) On the basis of electronic configuration ( 3 s^ 3 p\ the 
maximum and minimum oxidation states of S are +6 and - 2 , 
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In H2S, the oxidation state of S is - 2 . It can increase only 
oxidation state and cannot decre^e. Thus, H2S can act only 
as a reducing agent. In SO2, the oxidation state is + 4 , Le., it 
can be increased as well ns decreased. Thus, SO2 can act both 
as a reducing agent and an oxidising agent. 

(iii) SO2 in presence of moisture is oxidised to H2SO4 
liberating nascent hydrogen. The^ nascent hydrogen bleaches 
the coloured substance. 

SO2 + 2H2O-> H2SO4 + 2 [H] 

Coloured substance + 2 [H]- > Colourless 

(iv) Cone. H2SO4 has great affinity for water molecules, 
Le,, it acts as a dehydrating agent. When in contact with sugar, 
all water molecules aro^token up and-carbon is 4 eft behind. 

Cone. H2SO4 

C12H22O11-> 12c + IIH2O 

(y) Ozone acte as a strong oxi^sing agent. It o^ddises mercury 
Into mercuTous”i)xrde whtch” s^ Mercury 

loses its mobility, Le., mercury meniscus is destroyed. 

2 Hg -I- O3- > Hg20 + O2 

(vi) In the highest oxidation state, sulphur can combine only 
with highly electronegative element like fluorine and not 
hydrogen. Hence, sulphur forms SF^ but not SH6. 

Example 5 * State with balanced equation what happens 
when ? 

{a) Potassium ferrocyanide is heated with cone. H2SO^. 

{b) A mixture of potassium chlorate, oxalic acid and 
sulphuric acid is heated. 

(c) Sodium chlorate reacts with sulphur dioxide. 

(d) Chlorine gas is passed into water saturated with hydrogen 

sulphide. 1991 ] 

(e) ,Hydrogen sulphide is passed through sodium bisulphite 

solution. [IJX 1991 ] 

Solutida: 

(a) CO is evolved. 

K4Fe(CN)6 + 6H2SO4 + 6H2O-^ 

2K2SO4 + FeS 04 + 3 {NH 4 ) 2 S 04 + 6CO 

(b) Potassium chlorate is reduced while oxalic acid is 
oxidised. 

KCIO3 + H2SO4-> KHSO4 + HCl + 30 

3H2C2O4 + 30 -> 6CO2 + 3H2O 

KCIO3 + 3H2C2O4 + H2SO4-» KHS04+HCl-f .6CO2+3H2O 

(c) NaC103 is reduced to NaCL 

[SO2 + 2H2O-> H2SO4 + 2 H] X 3 

NaC103 + 6 H-^ NaCl + 3H2O 

NaC103 + 3SO2 + 3H2O-> 3H2SO4 + NaCl 
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(e) 2NaHSb3-> Na2S03 + H2O + SO2 

SO2 + 2 H 2 S ^^-> 2H2O + 3 S 

2 NaHS 03 + 2H2S-> Na 2 S 03 + 3 S + 3H2O 

Example 6, Sulphur melts to form a clear mobile liquid 
at 119 ^C but on further heating to 180 ®C, it becomes viscous. 
Why? 

Solution : 

Upto 119 ®C, sulphur exists as Sg molecules which can roll 
over one another to form a mobile liquid. However, when this 
liquid is further heated to ISO^'C, the cleavage of ring structure 
occurs and zig-zag open chains are formed which get 
interwound and tangled t ogether and hence sulp h ur becomes 
more viscous. 

Example 7, SOCI2 can act as a weak Lewis acid as well 
as a weak Lewis base. Explain. 

Solution; _ — 

Like nitrogen in ammonia, sulphur has a lone 
pair of electrons which it can donate, hence it acts as a weak base. 

SOCI2 has also empty d-orbitals which can accommodate 
electron pairs from bases and hence acts as a weak acid. 

Example 8. (a) Which form of sulphur does show 
paramagnetic nature? Explain. 

{b) Compounds of fluorine and oxygen are called fluorides 
and not oxides. Explain. 

(c) Sulphur disappears when boiled with an aqueous solution 
of sodium sulphite. Why? 

Solution: 

(a) In vapour state, sulphur partly exists as S2 molecules 
and S2 molecule like O2 molecule has two unpaii^ electrons 
in the antibonding xc-orbitals and exhibits paramagnetic nature. 

(b) This is because of higher electronegativity of fluorine than 
oxygen. In naming a compound, the electropositive or less 
electronegative element is taken first, thus, the compounds of 
fluorine and oxygen are called oxygen fluorides and fluorine 
oxides. 

(c) Sulphur combines with sodium sulphite and forms sodium 
thiosulphate whichtis soluble in water and hence S disappears. 

Exumpk 9 . Knowing the electron gain enthalpy values for 

O .> 0 ~ and 0 -> 0 ^~ as -141 kJ moF^ and 702 kJmoF^ 

respectively, how can you account for the formation of a large 
number of oxides having species and not 0~? 

Solution : 

Although the formation of O anion requires more energy 
in comparison to the formation of 0 “ anion '^ictually energy is 
released), yet in large number of oxides, oxygen is divalent in 
nature. This is due to the fact that lattice energies of the oxides 
having anions are very high on account of greater magnitude 
of electrostatic forces of attraction. 


(d) 


Qa + H2S-> 2 HC 1 + S 
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Example 10 , Give at least one example to explain the 
following properties: 

(0 Sulphuric acid is a dibasic acid. 

(ii) Sulphuric acid is a dehydrating agent. 

(Hi) Sulphuric acid is an oxidising agent. 

Solution : 

(i) H2SO4 forms two series of salts, Le., both the hydrogen 
atoms are replaceable. 

H2SO4 + HSO; 7=^2H+ +S0^ 

H2S04 + NaOH-> NaHS04 + H2O 

Sodium hydrogen 
Sulphate (^cid ^t) _ 


H2SO4 + 2 NaOH —^ Na2S04 + 2H2O 

Sodium sulphate 
(Normal salt) 

(ii) H2SO4 has great affinity for water molecules and hence, 
acts as a dehydrating agent., 

HCOOH + CQ 

(iii) H2SO4 oxidises metals, nonmetals and other compounds. 
Cu + 2H2S04(conc.) —CUSO4 + SO2 + 2H2O 

S + 2H2SO4-> 3SO2 + 2H2O 

2 HI + H2SO4-> I2 + SO2 + 2H2O 





EMBER 


1 . . Group 16 or VIA of the^ribdiG table consists of isix elements 

—oxygen, sulphur, selenium, tellurium, polonium and unun- 
hexium. These elements are called chalcogens^ le., ore forming 
elements. These are p-block elements as the last differen¬ 
tiating electron is accommodated on shel|. All have six 
electrons in their outermost shell, i.e., ns^np^ configuration. 

2 . The elements oxygen and sulphur are common while 
selenium, tellurium and polonium are comparatively rare. 
Oxygen is the most abundant element. It makes up 46 . 6 % by 
mass of the earth’s crust. It is found both in free and 
combined state. Sulphur is the sixteenth most abundant 
element. It occurs mainly in the combined form. The last 
member is radioactive in nature. 

3 * Oxygen is a gas while other members of group 16 are solids. 
Oxygen is a diatomic molecule while the molecules of other 
. members are complex. Sulphur, selenium and tellurium exist 
as 8-atom staggered rings. In Sg molecule, each S-atom is sp^ 
hybridized involving both bonding and non-bonding electron 
pairs. 

Oxygen atom is capable to form multiple bonds (pK-pn 
interaction) with other oxygen atom on account of small size. 
However, this tendency is missing in sulphur atom. The bond 
energy of oxygen-oxygen double bond is quite high as 
compared to oxygen-oxygen single bond. In sulphur, the 
sulphur-sulphur double bond energy is not so large in 
comparison to single bond energy. As a result —O—O—O— 
chains are less stable as compared to 0=0 molecule while 
—S—S— chains are more stable than S=S molecule. 
Thus, oxygen exists as a diatomic gas molecule, sulphur 
exists as Sg solid. 

The diatomic module 0=0 accounts for high dissociation 
energy but does not explain paramagnetic nature. Pauling 
proposed 3 -electron bond structure : 0 * * ; 0 ; to explain 
paramagnetic behaviour. 

4 * (a) Metallic character increases with increase in atomic 
number. 

O _S & 


~ -- (b) Atonuc Tadu,““atCT^ Md^ehsit^ iricfea^ 

gradually from O to Po. 

(c) Electronegativity decreases gradually. Oxygen is second 
most electronegative element. 

(d) The melting and boiling points increase gradually from 
O to Po. 

(e) The ionisation potential values are high and decrease 
gradually. The elements do not lose the electrons to form 
positive ions easily. 

(f) All the members show allotropy. 

Oxygen: Ordinary oxygen and ozone are allotropic forms. 
Sulphur : Rhombic, monoclinic, plastic and amorphous 
are allotropic forms. 

Selenium : Red form and grey form are allotropic forms. 

(g) Oxygen and sulphur show the property of catenation but 
this property is more pronounced in sulphur. 

5. All these elements have six electrons in their valency shell. 
They complete the octet either (a) by forming bivalent anion 
gaining two electrons ^uch as r 
q2 - S^”, Se^ and Te^“ showing electrovalency (di). 
or (b) by forming two covalent bonds, Le., sharing two 
electrons. 

Po does not form Po anion. However, it forms Po ions. 
Oxygen shows “2 oxidation state in its compounds except in 
oxygen fluorides. The tendency to show -2 oxidation state 
decreases as we go down in the group. However, positive 
oxidation states are exhibited by S, Se, Te and Po. In addition 
to +2 oxidation state +4 and +6 oxidation states are observed. 
This is due to availability of d-orbitals in these elements. 
The compounds having +4 oxidation state show both oxi¬ 
dising and reducing properties while compounds having +6 
oxidation state are only oxidising. 

6* All the elements of group 16 form hydrides of the type H2M, 
H2O, H2S, HiSe, H2Te and H2P0. 

(a) H2O is a liquid while other hydrides are colourless 
poisonous gases with bad odours. H2O (water) has low 
volatility (high boiling point) as hydrogen bonding is 


Non-metals 


Metalloids 


Te Po 
Metal 
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present. H2S has high volatility as no hydrogen bonding 
is present. Volatility decreases from H2S to H2Te due to 
increase in molecular masses. 

(b) As the electronegativity difference between M and H 
decreases, the covalent character increases from H2O to 
H2Te. Water is highly polar. It has high dielectric 
constant. 

(c) Thermal stability decreases. This is due to an increase in 
M —H bond length. Water dissociates at 2 (K) 0 °C while 
H2Te decomposes at room temperature. 

(d) Acidic nature increases from H2O to H2Te. 

(e) Except H2O, other hydrides are reducing agents, 

(f) Hydrides of S, ”Se;-Te-and Po bum-in-Gxygee-with-blue 
flame forming dioxides. 

■X 

(g) All these hydrides are V-shaped. The central atom is sp 
hybrid!!^. The bond angles are 104 . 5 °, 92 . 5 °, 91 ° and 90 ° 
in H2O, H2S, H2Se and H2Te. 

t. S, Se, tfe and Po form oxides on burninl' in air of type 
MO2, e.g., SO2, Se02, Te02 and P0O2- 
The acidic and stability of these oxides decrease down the 
group. SO2 and Se02 are acidic while Te02 and P0O2 are 
amphoteric. SO2 is a gas, Se02 is a volatile solid while TeOi 
and P0O2 are crystalline solids. SO2 is an angular molecule 
with bond angle 119 . 5 °. S is in sp^ hybridized state. The bond 
length is 143 A. 

a + • • or + 

pK-^dit bond-bond 


S, Se and Te also form trioxides. The trioxides are acidic in 
nature. The acidic nature decreases from SO3 to Te03. 

8. Sulphur, selenium and tellurium form similar oxyacids. 


H2SO3 

Sulphurous add 
Salts : Sulphites 

H2SO4 
Sulphuric acid 
Salts : Sulphates 


H2Sd)3 

Selenous acid 
Seienites 

H 2 Se 04 

Selenic acid 
Selenates 


Strength increase 


H 2 Te 03 

TbUurous add 
Tellurites 

H 2 Te 04 

Telluric acid 
Teilurates 



9, S, Se and Te form hexafluorides of type MF^. They all involve 
sp^d^ hybridization, i.e,, possess octahedral structure. These 
are colourless gases. SFg is extremely inert, SeF^ is slightly 
reactive while TeF^ is hydrolysed by water into H^TeO^. 
Many tetrahalides are known. SF4 is a gas, SeF4 is a liquid 
while TeF4 is a solid. S, Se, Te and Po form tetrachlorides 
and bromides while Te and Po form tetraiodides. All 
tetrahalides posses trigonal bipyramid structum with sp^d 
hybridization. One position is occupied by lone pair and four 
by halogen atoms. 

All elements except Se form stable dichlorides and dibro¬ 
mides, DihaMdes form tetrahedral molecules due to sp^ 
hybridization. Dimeric monohalides as S2F2, S2CI2 and S2Br2 
are known. Their structures are similar to H2O2. 


10 . Only S and Se form qxyhalides. They are called thionyl and 
selenyl halides. 

^F2 SOCI2 SOBr2 

SeOF2 SeOa2 S&OBT2 

They react with water readily. 

In addition, sulphmyl halides are also known, SO2X2. 

These may be regarded as derivatives of H2SO4 where‘both 
the OH groups have been replaced by halogen atoms. 

11 . Lavoisier regarded oxygen as an essential constituent of all 
acids named it so (oxus = acid and gennas = maker). It occurs 
in the atmosphere to the extent of 21 % by volume and 23 % 
by mass. This percentage remains constant by the process 
of photosynthesis. It is an essential ingredient in all living 
ihffief and is “of great importarnce in^respiration-^md- 
combustion. 

It is a colourless, odourless and tasteless gas. It is little 
heavier than air and slightly soluble in water. It is para- 
magnetic in nature. There are three isotopes of-oxygen .with 
rhassliumbers 16 , 17 and 18 . Oxygen is^ofcombusfiblfbnr" 
it helps in combustion. It is very active element. It directly 
combines with almost ail metals (except noble metals) and 
non-metals (except zero group elements and halogens) and 
reacts with large number of compounds. The reactions are 
usually exothermic. 

12 . Oxygen combines nearly with all the elements except inert 
gases, noble metals and halogens. The binary coTi^)ounds 
of oxygen with other elements are called oxides. However, 
the compounds of oxygen and fluorine are termed fluorides 
as fluorine is more electronegative than oxygen. The oxides 
can be classified, on the basis of chemical behaviour, into : 

(a) Acidic oxid^ : The oxides which dissolve in water to 
form oxoacids are called acidic oxides or acid anhydrides. 
These react with bases and form salts. They also 
combine with basic oxides. These oxides are generally 
formed by non-metals. Examples are : CO2, B2O3, Si02, 
NO2, P2O5, N2O5, SO2, CI2O7, etc. Some metals in higher 
oxidation states also form acidic oxides such as V2O5, 
Cr03, Mn207, etc. Some of the oxides form two oxyacids. 
These are called mixed oxides such as NO2, P4OS, etc. 

(b) Basic oxides: The oxides which either dissolve in 
water to form alkalies or combine with acids to form salts 
or combine with acidic oxides are called basic oxides. The 
examples are Na20, CaO, CuO, PbO, FeO, etc. 

(c) Neutral oxides : The oxides which neitiier combine with 
acids nor combine with bases to form salts. 

Examples are: CO, N2O, H2O, NO, etc. 

(d) Amphoteric oxid^ : The oxides which react with acids 
and bases both are termed amphoteric. 

Examples are: ZnO, PbO, SnO, Sn02, Pb02, AI2O3, BeO, 
Cr203, etc. 

Oxides are also classified on the basis of oxygen content. 

(a) Normal oxides : These contain oxygen just as much as 
permitted by usual valence rules. 

(b) Poiyoxid^ : Th^e contain more oxygen than permitted 
by usual valence rules. 
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(i) Peroxides : These on treatment evolve H2O2 with 
dilute acids such as Na202, Ba02, etc. 

(ii) Superoxides : Such as Mn02, Mn207, KO2, Rb02, 
etc. 

(c) Suboxides: These contain less oxygen permitted by 
usual valency rules such as N2O, CO, etc. 

® Mixed oxides : Th^e are made up of two similar oxides 
such as Pb304 ( 2 PbO + PhO^), (Fe203 + FeO), 
Mn 304 ( 2 Mn 0 + Mn02). 

13 . In 1840 , Schonbien observed that rotten smell during passing 
*of elecMc discharge through air was due to formation of a 

new gas which he named ozone (ozo = I smeU). Sorret 
established its formula, O3 and attributed that ozone is an 

a llotro p e of o xygen.......... . , . 

Ozone is present in sufficient amounts in the atmosphere at 
higher altitudes, Le., 12 to 15 miles above earth's surface. It 
is formed there by action of ultraviolet rays of the sun. Near 
earth's surface ozone is decomposed by dust particles. 

" It 4 s obtained-by-p^sing silent electric discharge through 

dry oxygen. Ihe apparatus used for this purpose is called 
ozoniser. The commonly used ozonisers are (i) Siemen's 
ozoniser and (ii) Brodie’s ozoniser. The mixture obtained from 
ozoniser consists of 5 - 10 % ozone by volume and the mixture 
is called ozonised oxygen. The ozonised oxygen is cooled by 
liquid air when liquid oxygen is obtained. 

Fluorine reacts with water at low temperature when mixture 
of ozonised oxygen is formed. 

14 . Ozone is a pale blue gas with a characteristic strong smell. It 
can be Uquefied to pale blue liquid at - 112 , 4 T. It is heavier 
than air. It is slightly soluble in water but more soluble in. 
turpentine oil, glacial acetic acid or carbon tetrachloride. It 
causes headache and nausea. 

It is unstable and decomposes completely into oxygen at 
30 CfC. It acts as a powerful oxidising agent. The potential 

equation is : O3-> O2 + O. The oxidation potential is 

+ 2.07 V. It is a gocxl bleaching agent. The bleaching action 
is due to its oxidising nature. It bleaches od, ivory, flour, 
starch, waxes, pulp, etc. 

It reacts with unsaturated organic compounds containing 
double bonds forming ozonides. The ozonides break with 
water to form carbonyl compounds. The process is known 
as ozonolysis. Mercury is oxidised by ozone to suboxide 
(Hg20) which dissolve in mercury. It starts sticking to glass 
and loses mobility. ITie mercury loses its meniscus. This is 
termed as the tailing of mercury. Ozone molecule is V-shaped 
with a bond angle 116 . 8 ^ and O—O bond length 1.278 A. 

15 . The name sulphur has been derived from Sanskrit word 
sulveri meaning killer of copper. It is widely distributed in 
nature both in free and combined state. The free sulphur is 
found in volcanic regions of the world. The underground 
sulphur is extracted by Frs^ch proc^. 

16 . Organic comfK)unds of plant and animal origin, e,g,, onion, 
garlic, mustard, eggs, proteins, hair, wool, etc., contain sulphur 
compounds. 
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17. Sulphur exists in several allotropic forms: The most common . 
form is the rhombic or octahedral or a-form. It is pale yeUow 
in colour. Its specific gravity is 2 . 06 . It melts at 114 . 5 T. It is 
insoluble in water and readily soluble in €82* It consists Sg 
structural units packed together into octahedral shape, IMs 
is the stable variety at ordinary temperature. All other forms 
such as monociinic, plastic sulphur, etc,, are unstable and 
convert themselves into rhombic form. 

18. Hydrogen sulphide or sulphureted hydrogen (H2S) occurs 
in volcanic gases, sewage gases, coal gas and in several 
spring waters. It is found in small amounts in atmosphere. It 
is obtained in the laboratory by the action of dilute H2SO4 
on FeS in kipp’s apparatus. Pure H2S can be prepared by the 

acti on of pure HCl o n antimony sulpliide-(Sb2S3l- - _ 

It cannot be dried by cone. H2SO4 because it is oxidised to 
sulphur. 

H2S + H2SO4-> 2H2O + S + SO2 

It is, therefore, dried by passing through CaCl2 or P2O5. ^ 

It is a^^oloufless gas widi-UEpleasant-odourr“It-iS“Sligh%= 
heavier than air and slightly soluble in water. It is poisonous 
in nature. It bums with blue flame in oxygen or air forming 
SO2 and H2O. It acts as a strong reducing agent. It reacts 
with metals and metal oxides to fomi corresponding sulphides. 
H2S reacts with salts of various metals forming corresponding 
sulphides. The metal sulphides can be divided into three 
groups: 

(a) Sulphides precipitated in acidic medium—Examples : 
Sulphides of Hg, Bi, Pb, Cu, Ag, Cd, As, Sb and Sn. 

(b) Sulphides precipitated in alkaline medium—^Examples : 
Sulphides of Zn,,Ni, Co, Mn and Fe. 

(c) Sulphides which are precipitated neither in acidic nor in 
alkaline medium—^Examples: Sulphides of Cr, Al, Mg, Ba, 
Sr, Ca, K and Na. 

The shape of H2S molecule is similar to that of water, Le,, 
V-shaped. The bond length is l.SSA and bond angle 92 . 5 *". 

19. Sulphur forms a number of oxides such as S2O, SO, S2O3, 
SO2, SO3, S2O7 and SO4. Out of these SO2 and SO3 are 
important and common. 

SO2 is a colourless gas with pungent and suffocating odour. 
It is heavier than air. It is soluble in water. It neither bums 
nor helps in burning. However, burning Mg or K continue to 
bum in its atmosphere. 

3 Mg + SO2-> 2 MgO + MgS; 

4 K + 3SO2 —^ K2SO3 + K2S2O3 
It is an acidic oxide. It dissolves in water forming sulphurous 
acid {H2SO3). It combines directly with chlorine to form 
sulphuryl chloride. It combines with oxygen in presence of a 
catalyst (platinised asbestos or V2O5 or NO) when SO3 is 
formed. 

It acts as a reducing as well as an oxidising agent. In presence 
of moisture, it acts as a bleaching agent. The bleaching action 
is due to reduction. The bleaching is temporary. 

20 . A large number of oxy acids are known in the case of sulphur 
either in free state or in the form of salts or both. Oxyacids 
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with S—S links are called thioacids. Acids having sulphur in 
lower oxidation state belong to -ous series while those 
having sulphur in higher oxidation state belong to -ic series, 

(a) Sulphurous acid (HaSOa): This acid is known only in 
solution. It is formed by passing SO2 through water. It is 
a strong dibasic acid and forms two series of salts 
(i) bisulphites (e.g., NaHS03) and (ii) sulphites (e.g.> 
Na2S03). The salts are fairly stable. The sulphurous acid, 
bisulphites and sulphites act as roiucing agents. 

X-ray analysis of the crystal of Na2S03 has revealed that 
sol" ion has a pyramidal structure. The S-atom is in sp^ 
hybridized form, Le,, tetrahedral configuration in which 
one position is occupied by a lone pair of electrons. 



OH O" 

Sulphurous acid Sulphite ion 

—moteuie-^.— 


(b) Sulphuric acid (H2SO4): It is considered as king of 
chemicals. The prosperity of any country is measured by 
the amount of sulphuric acid it consumes. It was called 
in ancient days oil of vitriol as it was obtained by 
distilling ferrous sulphate (green vitriol). Native sulphur 
is the starting material for its preparation. It is burnt and 
is easily converted into SO2. The conversion of SO2 into 
SO3 is bit difficult. It requires a catalyst. The trioxide 
dissolves in water to form H2SO4. 

S-> SO2-^ SO3-> H2SO4 

Two processes are used for the manufacture of H2SO4. 
(i) Lead chamber proce^: In this process, the 
mixture containing SO2, air and NO when treated 
with steam, sulphuric acid is formed. NO is a 
catalyst. The acid obtained contains about 80 % 
H2SO4 and is known as brown oil of vitriol (B.O.V.) 
due to its colour. It can be further concentrated and 
the concentrated acid is called rectified oil of vitriol 
(R.O.V.). Usually chamber acid is not purified and 
used as such for most of the purposes. 

( 11 ) Contact pro<^: The process involves the 
conversion of SO2 into SO3 by air in presence of a 
catalyst {platinum or V2O5). Best results are obtained 
when SO2 and O2 am present in molecular proportion 
of 2 : 3 . The optimum temperature is 450 ®C. The 
purification of gases is very necessary in this 
process. The SO3 formed is absorbed in cone. H2SO4 
when oleum is formed. SO3 cannot be absorbed in 
water became it produces a dense fog. The acid 
obtained is pure. 

H2SO4 is a colourless syrupy liquid It contains 
98 . 3 % H2SO4. Its specific gravity is 1.84 at 15 ^C. It 
fumes strongly in moist air and highly corrosive in 
nature. It is highly soluble in water. Various hydrates 
such as H2SO4-H2O, H2S04-2H20, H2S04-3H20, 


H2SO44H2O are known. Heat is evolved when 
dissolved in water. Water should not be added to 
cone. H2SO4 for dilution but cone. H2SO4 should be 
added slowly to cold water with constant stirring. 
Due to its great affinity for water, it is used as 
dehydrating agent. Its corrosive action on skin is 
due to dehydration. It bods at 338 ®C. It is a 
conductor of heat and electricity. 

H2SO4 is a strong dibasic acid. It forms two 
series of salts (i) bisulphates (e.g., NaHS04) and 
(ii). sulphates (e.g., Na2S04). It acts as a strong 
oxidising agent. The potential equation is : H2SO4 

-> H2O + SO2 + O or 2H2SO4 + 2 e -> SOl" + 

2H20+S02rlt has two OH groups which are direct^ 
attached to sulphur. The acid is a resonance hybrid 
of the following two structures. 

^OH ^ ^OH 


2r~ 3 

SO4 ion has tetrahedral structure, Le,, S is in 
hybridization. 


O 

7 t||CT 



(c) Wosulphuric acid {H2S2O3): It is a dibasic acid. It 

does not exist in free state. Salte are quite stable. 
Thiosulphates are reducing agents. 

(d) PeroxymoriO^ulphuric acid or Caro’s add (H2SO5): It 
is a dibasic stable and crystalline solid. It has a 


fO 




-H 


It is a strong 


peroxolinkage I — O—O- 

oxidising agent. ^X)H 

(e) Peroxydisulphuric add or Marshall’s acid {H2S2O8): 

It is a dibasic acid. It has a peroxolinkage. It is a strong 
oxidising agent. 


OH 


OH 


(f) DOMonic acid (H2S20<i): It is a dibasic acid. It does 
not exist in free state but its salts are quite stable. 

O O 


O^ 


OH OH 


O 


21. The lUPAC name of H2S is suiphane. 

22, (a) SF6 is used in high voltage transformers because of its 

insulating property. 

(b) Liquid oxygen mixed widi finely divided carbon is used 
in place of dynamite in coal mining. 

(c) A mixture of ozone and cyanogen is used as a rocket fuel. 

(d) Gun powder is a mixture of sulphur, charcoal and KNO3. 
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(e) S2Q2 is used in the vulcanisation of rubber. 

(f) Electrical conductivity of Se is negligible in dark but 
incr^ses on exposure to light. Due to this property, Se 
is used in photo electric ceUs. 

23 * The chemical reactions of ozone with oxides of nitrogen and 
with chlorofluoro-alkanes are responsible for the depletion 


■ Subjective Type Questions 

h Name the elements of group 16 which have : 

(i) highest electro negativi ty ___ 

6i) maximum ionisation enthalpy 

(iii) highest catenation property 

(iv) highest electropositive nature. 

2 . Among the hydrides of group 16 elements, which have : 

^ — (i) Jowe^ bpilmg- p^^ „ 

(ii) highest bond angle 

(iii) maximum acidic nature 

(iv) neutral in nature. 

3 * List the elements O, S, Se and Te in the order of decreasing: 

(i) tK)iMng point (ii) electronegativity (iii) ionisation energy. 
4 * Sulphuric acid acts as an acid, an oxidising agent and as a 
dehydrating agent. In which way does it behave when it acts 
on: . 

(a) Glucose, (b) Sulphur, (c) Calcium carbonate, (d) Copper, 
(e) Formic acid, (f) Hydrogen iodide, (g) Sodium hydroxi^, 
(h) Carbon. 

5 . What happens when? 

(i) Hydrogen sulphide is bubbled through an aqueous 
solution of sulphur dioxide. 

(ii) Hydrogen sulphide is passed through acidified ferric 
chloride solution. 

(iii) Sulphur is boiled with caustic soda solution. 

(iv) Ozone reacts with potassium ferrocyanide solution. 

(v) Ozone is treated with ethylene. [M.L.N.R. 1990 ] 

(vi) Sulphur dioxide is bubbled through aqueous solution 
of copper sulphate in presence of potassium thio¬ 
cyanate. 

(vii) Sulphur dioxide gas, water vapour and air are passol 
over heated sodium chloride, 

(vih) Sulphuric acid is treated with PCI5. 

(ix) Ozone is passed through acidified stannous chloride 
solution. 

(x) Potassium iodide is heated with cone. H2SO4. 

6, Complete the following equations: 

0) (NH4)2S208 + H20 + MnS 04 ~—> 

+.+ 

[LIT. 1993 ] 

(li) S + H2S04(conc.) . .+H2O 

(in) I2 + SO2 + H2O-> SO4' + H"' 

(iv) I2 + O3 + H2O-> HIO3 +. 

(V) CrjOf- + H'" + SO2-> SOf + H2O +. 
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of ozone shield of the atmosphere. This is called 'ozone hole'. 
It is feared that this will allow an excessive amount of UV 
light to reach the earth which will cause melanoma (skin 
cancer) in humans. 


(vi) H2S 4- HNO3->.+ H2O + S (CoEoidal) 

(vii) + SO3" + H""-> Fe^'" + H2O + S 

(wii) + S20il +ikQ -»Mn OI + H’^ + SO ^ ^ _ 

Cix)' MnOi + H2S-> S + + HjO (Acidic medium) 

7 . From the reactions given below, identify (A), (B), (Q and (D) 
and their formulae. 

(A) + dil. H2SO4 -» (B ) G re en col oured 

(A) +^. H2SO4 + (Q —> MnS 04 ~ 

(A) + Oz^^{D) 

(D) + BaCl2-> White ppt. 

8* Arrange the following: 

(a) H2S, H2O, H2Se, H2Te in order of increasing acidity. 

(b) H2O, H2S, H2Se, H2Te in order of increasing stability. 

(c) H2O, CO2, SO3, N2O5, Si02 in order of decreasing 
acidity. 

(d) Po, Se, Te, S, O in order of increasing metallic 
properties. 

(e) Po, Se, Te, S ,.0 in order of d^reasing ionisation 
potential. 

9 . Give at least one example to explain the following proper¬ 
ties: 

(i) Sulphuric acid is a dibasic acid. 

(ii) Sulphuric acid is a dehydrating agent. 

(iii) Cone. H2SO4 acts as an oxidising agent. 

(iv) H2S acts as a reducing agent. 

(v) SO2 acts as a reducing agent. 

(vi) SO3 is an acid anhydride of H2SO4. 

10. A mixture of three gases A, B and C is passed first through 
acidified K2Cr207 solution when A is absorbed turning 
K2Cr207 solution green. Remainder is passed through excess 
of lime water which turns milky resulting in absorption of B. 
The residual gas Cis absorbed in alkaline pyrogallol solution. 
The mixture of A ; B and C does not turn Ifead acetate paper 
black. Identify A, B and C 

11. Answer the following: 

(i) Write the general electronic configuration of VIA or 
16 th group. 

(ii) Name two chalcogens. 

(iii) Which element of VIA group has maximum catenation 
property? 

(iv) Name the hydride of VIA group elements which is 
liquid at room temperature. 

(v) Which allotropic fcam of sulphur is more stable at room 
temperature? 
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(vi) Which gas is formed in the upper layers of atmosphere 
by action of UV radiations? 

(vii) The common oxidation states of VIA group elements 

are. 

(viii) What is the other name of peroxy disulphuric acid? 

(ix) Name the acid used in storage batteries. 

(x) What is the reason for the sympy nature of cone. 
H2SO4? 

(xi) Among the hydrides, H2O, H2S, H2Se, which has the 
highest bond angle? 

(xii) Write the formula of oleum. 

(xiii) Which catalyst is used in the manufacture of H2SO4 
by contact process? [MX.N,R. 1997 ] 

(xiv) \^^at are the most favourable conditions of tempera¬ 
ture and pressure for the conversion of SO2 into 803? 

(xv) The other name of sulphuric acid is. 

12 . Write the hybridization state of the central atom, shape and 

electronic structure of the following molecules or ions. 

__^(i)__ Sulphurtrioxide, (iy)__Su_lp_hat^^ __ 

(ii) Sulphuric acid, (v) Ozone 

(iii) Sulphur dioxide, (vi) Hydrogen sulphide 

13 . Explain the following: 

(i) Oxygen is a gas while sulphur is a solid. 

[Ans. The oxygen molecule is diatomic involving a double 
bond. Its small size produces weak intermolecular 
forces amongst its molecules and is, thus, a gas at 
room temperature. Sulphur is incapable of forming 
ii-bonds. Its molecule has a puckered ring structure 
of eight sulphur atoms joined by single covalent 
bonds. The intermolecular forces acting between Sg 
molecules are stronger and hence, sulphur is a sohd.] 

(ii) Water is liquid while H2S is a gas. 

[Ans. Oxygen is more electronegative than sulphur. Thus, 
oxygen can form hydrogen bonds. Water is an 
associated liquid due to hydrogen bonding. The 
hydrogen bonding is absent in H 2 S, hence the 
molecules are unassociated. It, therefore, exists in 
gaseous state.] 


(iii) Sulphuric acid has high boiUng point and viscosity. 
[Ans. The high boiling point and viscous nature of cone. 
H2SO4 is due to hydrogen bonding due to which a 
number of sulphuric acid molecules are associated 
to form a cluster. 



tO-H—O 

*0-H—O 




(iv) Oxygen almost invariably exhibits an oxidation state 
of -2 but the other members of the family exhibit 
negative as well as positive oxidation states of 
+ 2 , + 4 and + 6. 

[Ans. All the elements of oxygen family have a 
configuration of ns^ np^ of the outermost orbit. 
They all tend to attain 8 electrons by accepting two 
more electrons, i.e., all show -2 oxidation state. 
Oxygen has no ti-orbitals while, others have 
rf-orbitals in their valency shells. Thus, the paired 


orbitals can be unpaired by shifting electrons to 
d-orbitals. 


ns np nd 


Ground state 
1st excited state 
2nd excited state 


n 

Ti 



□ 

□ 

□ 

□ 

□ 

EIB 

[T 



□ 

□ 

□ 

□ 


[T 


s; 

E 

□ 

□ 

□ 


+2 oxidation state 
+4 oxidation state 
+6 oxidation state 


The elements of oxygen family except oxygen, 
therefore, show + 2 , +4 and +6 oxidation states 
besides ~2.] 


(v) The tendency to show -2 oxidation state diminishes 
from sulphur to polonium. 

[Ans, On moving down the group, the size of the atom 
_ increases and_the_electronegatmty_decreases..Thiis,_ 
the tendency to accept two more electrons as to 
attain octet in outermost shell decreases, Le., the 
tendency to show -2 oxidation state decreases.] 

(vi) Sulphur dioxide is more powerful reducing agent in 
-an-alkaMne medium than-m-aeidie-medium^EI^^l 5 Ti- 1992 T- 

[Ans. The reducing property is represented as, 

SO2 + 20 H“-> sol” + 2 H'*' + 2 e~ 

Addition of acid favours reverse reaction whereas 
presence of OH” favours the forward reaction.] 

(vii) Dry SO2 does not bleach dry flowers. 

[Ans. Only in presence of moisture, the nascent hydrogen 
responsible for bleaching (reduction) is produced. 

SO2 + 2H2O-> H2SO4 + 2 H 

Coloured flower + H —Colourless flower ] 

(vui) H2S is stronger acid than H2O. 

[Ans. The H—S bond is weaker than H—O bond and the 
proton is more easily released when H2S reacts with 
water.] 

(jk) Hydrogen sulphide cannot be dried by passing 
through cone. H2SO4. 

[Ans. Cone. H2SO4 is an oxidising agent while H2S is a 
reducing agent. Both react to form free sulphur.] 

(x) Nitric acid cannot be used to prepare H2S. 

[Ans. Nitric acid is an oxidising agent. It will oxidise H2S. 
3H2S + 2HNO3-> 2 NO + 3 S + 4H2O 

(xi) In the manufacture of sulphuric acid by the contact 
process, sulphur trioxide is not directly dissolved in 
water. 

[Ans. SO3 reacts with water to form H2SO4 which is not 
easily condensed and escapes in the atmosphere. It 
is, therefore, absorbed in cone. H2SO4 to form 
oleum which may be diluted to form H2SO4. 

H2SO4 + SO3-> H2S2O7 

H2S2O7 + H2O-> 2H2SO4] 

(xii) For the dilution of H2SO4, water should not be added 
to cone. H2SO4. 

[Ans. Cone. H2SO4 has great affinity for water molecules. 
During addition of water, large amount of heat energy 
is released. The temperature rises suddenly and 
bumping takes place. To avoid any accident, acid 
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should be added to water with constant stirring 
rather than water to acid.] 

(xHi) Cone. H2SO4 cannot be used for drying H2. 

[Ans. Hydrogen, sometimes, ignites with the large amount 
of heat released when water is absorbed by acid.] 

(xiv) The bond angle in H2S is lower than in H2O. 

[Ans. S is less electronegative than oxygen. The bonded 
electrons in H2S move further away horn S-atom 
than 0 >atom in H2O. This decreases repulsion 
between bonded electrons and thus, there is 
contraction in bond angle.] 

(xv) KMn04 should not be dissolved in cone. H2SO4. 
[Ans. Mn207 is formed which is unstable and explosive 

__in nature. .... 

2KMn04 + 2H2SO4-> K2^4 + (Mn03)2S04 + 2H2O 

(Mn03)2S04 + H20^-> Mn207 + H2SO4] 

(xvi) Ozone layer in the upper regions of atmosphere 
protects earth from the harmful radiations of sun, 

” [Ans. HaSnM IJ^^diMons “ are 

ozone layer is enable of absorbing th^e radiations 
and thus protects the earth from these radiations.] 

14 . An aqueous solution of a (X) gives the following 
•reactions: 

(i) It decolourizes an acidified K2Cr207 solution. 

(h) On boiling with H2O2, cooling it and then adding an 
aqueous solution of BaCl2, a precipitate insoluble in 
dil. HCl is obtained. 

(iii) On passing H2S in the solution, white turbidity is 
obtained. Identify (X) and give ^uations for steps (i), 

(ii) and (iii). [Roarkee 199 $] 

[Hint : Step (iii) suggests that (X) is SO2. 

SO2+2H2S-> 3 S +2H2O 

Turbidity 

(i) K 2 Cr 207 + H2SO4 + 3SO2- > K2SO4 4 - Cr2(804)3 + H2O 

Colourless solution 

(ii) , H2O2+SO2 - »H2S04 

H2SO4 + Baa2-> BaS04 + 2 HC 1 ] 

White i^t. 

15 . A pale yellow substance (A) when heated with cone. HNO3 
evolves a brown coloured gas (B). The substance (A) also 
dissolves in sodium sulphite solution on heating. A clear 
solution (Q is formed which on acidification gives a turbid 
solution and a pungent smelled gas (D) which is formed by 
the substance (A) in air. The solution (Q decoloxirises iodide 
solution. Identify (A) to (/)). 
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[Hint : Substance (A) is sulphur. 

8 + 6HNO3-> H2SO4 + 2H2O + 6NO2 

(^) (B) 

8 +Na2S03 Na2S203 

(^) (C) 

Na2S2Q3 + H2SO4-> Na2S04 + SO2 4 8 + H2O 

(Q (£>) Turbidity 

2Na2S203 4l2- > Na2S405 4 2 NaI] 

(C) Colourless solution 

16 . An inorganic halide (A) reacts with water to form two acids 
(B) and (C). (A) also reacts with NaOH to form two salts (D) 
and (E) which remain in solution. The solution gives white 
precipitates with both AgN03 and BaCl2 solutions 
respectively. (A) is a useful organic reagent 
.[Hint.: A. = .8030^ .. . .... .. 

SO2CI242H2O-> H2SO4 4 2HC1 

(A) (B) (C) 

80202 + 4K0H-^ K2SO4 4 2 Ka 4 2H2O 


(A) (D) (E) 



BaS 04 AgCl ] 


Whiteppt. Whitqppt. 

17 . In the contact process for industrial manufacture of sulphuric 
acid some amount of sulphuric acid is used as a starting 
material. Explain briefly. What is the catalyst used in the 
oxidation of SO2? [IXT. 1999 } 

■ Matching Type Questions 

Match the following: 

[A] (a) Otom (i) NO HSO4 

(b) PeiDxy disulphuric acid (ii) H2SO5 

(c) Peroxy monosulphuric acid (iii) H2SO3 

(d) Chamber crystals (iv) H2S2O7 

(e) Sulphurous acid (v) H2S2O8 

[B] (i) Sulphur dioxide (a) Laboratory reagent 

for mixture analysis 

® Oxygen (b) Oleum 

(iii) Ozone (c) Vulcanizing rubber 

(iv) Hydrogen sulphide (d) Petroleum refining 

(v) Sulphur (e) Paramagnetic 

(vi) Sulphuric acid (f) Marshall’s acid 

(vii) Fuming sulphuric acid (g) AnticMor 

(viii) ’Peroxy disulphuric acid (h) Detection of double 

bond in organic 
compounds. 
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Answers : Subjective Type Questions 

1 . (i) oxygen (ii) oxygen (iii) sulphur (iv) polonium or ununhexium 

2 . (i) HaS (ii) H2O (iii) HaTe or H2P0 (iv) H2O 

3. (i) Te > Se > S > O 

(ii) O > S > Se > Te 

(iii) O > S > Se > Te 

4 . (a) dehydrating agent, (b) oxidising agent, (c) an acid, (d) oxidising 
agent, (e) dehydrating agent, (f) oxidising agent, (g) an acid, 
(h) oxidising agent. 

5. (i) (Moist) SO2 + 2H2S-> 3S + 2H2O 

(ii) 2FeCl3 + HaS-> 2FeCl2 + 2HC1 + S 

(iii) 4S + 6NaOH-> NaaSaOa + 2Na2S + SHaO 


(iv) 2K4Fe(CN)6 + 03 + HaO ■ 


CH-2-=-CH-2-+-03 


Excess sulphur ^ ^ 

2K3Fe(CN)6 + 2KOH + O2 


-CHa-XHa- 


(vi) 2CUSO4 + SO2 + 2KCNS + 2H2O 


2SO2 + O2 + 2H2O - 
2NaCl + H2SO4 ■ 
H2SO4 + 2PCI5 ■ 
SSnCla + 6HC1 + O3 ■ 
2KI + H2SO4 ■ 
2HI + H2SO4 
(NH4)aS208 + HaO ■ 
MnS04 + H9O + O 


(NH4)2S208 + MnS04 + 2H2O-> ( 


(ii) S + 2H2SO4 — 

(iii) la + SOa + 2HaO — 

(iv) la + 5O3 + HaO — 

(v) CraOa' + 2H'' + SSOa — 

(vi) HaS + 2HNO3 — 
' (vii) 4 Fe^'" + SO^ + 6H'' — 
(viii) 2Mn^‘'+ SSaOg" + 8H2O ■ 


2CuCNS + K2SO4 + 2H2SO4 
2H2SO4 

Na2S04 + 2HC1 
SO2CI2 + 2POCI3 + 2HC1 
3SnCl4 + 3H2O 
K2SO4 + 2HI 
—> la + SOa 2H2O 

(NH4)2S04 + H2SO4 + O 
—^ MnOa + H2SO4 


(NH4)2S04 + MnOa + 2H2SO4 


3SO2 + 2H2O 

sol'" + 2r + 


2NaOH + H,S04 


' Na2S04 + 2H2O 

Sodium sulphate 
(normal salt) 


(ii) H2SO4 has great affinity for water molecules, and hence it 
acts as a dehydrating agent. 

H2SO4 


C12H22O11 - 
Sugar 

HCOOH 

Formic acid 


• I2C+IIH2O 

Carbon 


> CO + H2O 


2HIO3 + SOa 
3S04“ + HaO + 2Cr^'' 

> 2NO2 + 2H2O + S (colloidal) 
^ 4Fe^'' + S + 3H2O 

2MnOi + 16H'' + lOSO^" 
/2Mn^'' + 5S + 8H9O 


(k) 2Mn04 + 6H^ + 6H2S-> 2Mn^'' + 5S + 8H2O 

7. (A) = Na2S03; (5) = Cr2(S04)3; (C) = KMn04; (D) = Na2S04 

8. (a) HaO < HaS < HaSe < HaTe 

(b) HaTe < HaSe < HaS < HaO 

(c) SO3 > -N205 > CO2 > SiOa > HaO 

(d) 0.< S < Se < Te < Po 

(e) O > S > Se > Te > Po 

(i) One molecule of H2SO4 consists two replaceable hydrogen 
atoms and forms two series of salts. 

NaOH + H2SO4-> NaHS04 + HaO 

Sodium hydrogen 
sulphate (acidic salt) 


(iii) H2SO4 oxidises metals, non-metals and other compounds. 
Sulphur in H2SO4 is in -1-6 oxidation state, thus it can change 

-^into-lower-oxidation-states,-/.^.,—+4,^2,-etc_ 

Cu -I- 2H2SO4 (cone.)- > CUSO4 + SOa + 2H2O 

2P -H 5H2SO4-^ 2H3PO4 + 2H2O + 5SO2 

2HBr + H2SO4- > SOa ■*" 2H2O 

(iv) Sulphur in HaS is in -2 oxidation state, thus it can increase 

- — state'oniy^andTiencelt acts as a reducing agentr“ 

HaS -H CI2-^ 2HC1 -h S 

HaS -H 2HNO3-^ 2NO2 + 2H2O -h S 

(v) As it can be oxidised to sulphuric acid, it acts as a reducing 
agent. 

SOa-^ H2SO4 

O.N. 44 +6 

CI2 + 2H2O -H SOa-^ H2SO4 + 2HC1 

2FeCl3 -H 2H2O -H SOa-^ H2SO4 -h 2FeCl2 + H2SO4 

(vi) SO3 combines with water to form H2SO4, hence it is an 
acid anhydride of H2SO4. 

SO3 + H2O-> H2SO4 

A is SO2 as it turns acidified K2Cr207 solution green. (It is not 
H2S as it does not turn lead acetate paper black.) B is CO2 as it 
turns Lime water milky and C is oxygen which is absorbed in alkaline 
pyrogallol. 

(i) ns^ np^, (ii) Oxygen and sulphur, (iii) Sulphur, (iv) Water, H2O, 
(v) Rhombic, (vi) Ozone, (vii) -2 , -h 2 , h- 4, +6, (viii) Marshall acid, 
(ix) H2SO4, (x) Intermolecular hydrogen bonding, (xi) H2O, 
(xii) H2S2O7, (xiii) Platinised asbestos or vanadium pentoxide, 
(xiv) Low temperature (optimum temperature 450°C) and high 
pressure (optimum pressure 2 to 3 atmospheres), (xv) Oil of vitriol, 
(i) SO3, sp hybridization, planar triangular 
O 


The equivalence of all S—O bonds suggest that SO3 is a resonance 
hybrid of the following structures : 

000 

II t t 

/ \ / \ / \ 

0 0 0 0 0 0 
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lUUSlf^TIOMS OF OBJECTIVE QUESTIONS 


1 . Concentrated H2SO4 can be used to dry the gas : 

(a) H2S (b) CO2 

(c) NH3 (d) ^ 

Ans. (b) . ' 

[Hint : H2S and NH3 react with H2SO4 while CO2 is not affected. 

H2S + H2SO4-» S + 2H2O + SO2 

2NH3 + H2SO4-> {NH4)2S04 ] 

2 . Sulphur on reaction with concentrated HNO3 gives (A) which 
reacts with NaOH gives (B), (A) and (B) are : 

(a) H2S03,Na2S203 (b) N02,Na2S 

(c) H2SO4, Na2S04 (d) H2S2O3, Na2S203 

Ans. (c) 

[Hint : 6HNO3 + S-> H2SO4+ 6NO2 + 2H2O ; 

W 

H2SO4 + 2 NaOH-> Na2S04+ 2H2O ] 

{B) 

3 . The structures of O3 and N3 are : 

(a) linear and bent respectively 

(b) both linear 

(c) both bent 

(d) bent and linear respectively 
Ans. (d) 

4 . When an inorganic compound reacts with SO2 in aqueous 
medium produces (A). (A) on reaction with Na2C03 gives the 
compound (B) which with sulphur gives a substance (C) us^ 
in photography. The compound (Q is : 

(a) Na2S203 (b) Na2S04 (c) Na2S (d) Na2S207 
Ans, (a) 

[Hint : NaaCOs + 2SO2 + H2O-> 2NaHS03 + CO2 

(A) 


2 NaHS 03 + Na 2 C 03 -> 2Na2S034- H 2 O -f CO 2 

(B) 

Na 2 S 03 + S- > Na 2 S 203 ] 

(C) 

5 , Acidified KMn04 is dropped over sodium peroxide taken in 
a flask at room temperature, vigorous reaction takes place to 
produce : 

(a) hydrogen peroxide 

(b) a mixture* of hydrogen and oxygen 

(c) a colourless gas hydrogen 

(d) a colourless gas dioxygen 
Ans, (d) 

[Hint : [Na202 + H2SO4-^ Na2S04 + H2O2] x 5 

2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 + 3H2O + 50 

[H2O2 + O-> H2O 4 * O2] X 5 


2KM11O4 + 8H2SO4 + 5Na202^-^ 5Na2S04 + K2SO4 + 2MnS04 

+ 8H2O + 5O2] 

6. Among the oxides given below which are acidic? 

Cr03, Mn207, CuO, CO, SO2 
(a) Only SO2 (b) Cr03, Mn207 and SO2 

(c) Mn207 and SO2 (d) CO and SO2 

Ans. (b) 

IBmt : C 1 O 3 + H 2 O-> H2Cr04; 

Mn207 -I- H 2 O-> 2HMn04; 

SO2 + H2O-^ H2SO3 

CuO is a basic oxide while CO is a neutral oxide.] 


7 . 


In which of the following reactions O2 is not formed as one 
of the product? 


(a) KC 103 ^ 


Heat 
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(b) SnCla + HCl + Oa-> 

(c) FeS04 + H2SO4 + O3 —;—> 

(ci)PbS + 03--> 

Ans. (b) 

[Hint : 3SnCl2 + 6 HC 1 + O3-SSnCU -f 3H2O] 

8. The formation of which of the substance is known as tailing 
of mercury? 

(a)Hg20 (b)HgO 

(c) Hg(N03)2 (d) HgS 

Ans. (a) 

9 . Which of the following elements forms pit-d% bonding in its 
oxide? 

(a)-Iithium -(b)-Boron 

(c) Sulphur (d) Nitrogen 

Ans. (c) 

[Hint j Among the given elements, sulphur forms dlt-pn bonding 
in its oxides such as SO 2 and SO 3 .] 

10 . In which of the following species, S-atom assumes sp hybrid 
state? 

KSOs); n(S 02 ); mCHaS); IVCSg) 

(a)i,n (b)n,in 

(c) n,iv (d) miv 

Ans : (d) 

11 . Which of the following chemical reactions depicts the 

oxidising behaviour of H2SO4? [A J.E.E,E. 2006 ] 

(a) 2HI + H2SO4-> h + SO2 + 2H2O 

(b) Ca(OH)2 + H2SO4-> CaS04 + 2H2O 

(c) NaCl + H2S04->NaHS04 + HCl 

(d) 2PCI5 + H2S04-^ 2POCi3 + 2 HC 1 + SO2CI2 
Ans, (a) 

[Hint : In reaction (a), the O.N. of S reduces from +6 to +4.] 


12 . The number of unpaired electrons in a paramagnetic diatomic 
molecule of an element with atomic number 16 is: 

(a) 4 (b) 1 

(c) 2 (d) 3 

Ans. (c) 

[Hint : S2 molecule is paramagnetic like O2 having 2 unpaired 
electrons.] 

13 . The molecular foraiula of dithionic acid is: I 

i [C.E.|r. a&K) 2W6] 

(a) H2S2O4 (b) H2S2O6 1 

(c)H 2 S 205 (d)H2S20g ’ 

Ans. (b) 

_ 14 . Which among the following^sMements aije^coirect?__ 

CRE,T. (Kerala) 2007 ] 

(i) Carbon monoxide is neutral whereas SO3 is acidic 
(n) Potassium oxide is basic whereas nitrous oxide is acidic 
(iii) Aluminium and zinc oxides are amphoteric 

-(iv) -Sulptar--^Moxide--is--aeidie - wtereas--phosphofus^ 

pentoxide is basic 

(v) Carbon dioxide is neutral whereas sulphur dioxide is 
amphoteric 

(a) (ii) and (iii) (b) (i) and (iv) 

(c) (i) and (iii) (d) (ii)and(iv) 

(e) (iii) and (v) 

Ans. (c) 

15 . Ozone is used for purifying water because: [CJPJVI.T, 2007 ] 

(a) it dissociates and release oxygen 

(b) it does not leave any foul smell like chlorine 

(c) it kiUs bacteria, cyst, fiingi and acts as a biocide 

(d) all of the above 
Ans. (d) 
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OBJecTive QuesTioNs 



Set I : This set contains questions with one con*ect answer. 


I . The formula of sulphur molecule is: 

(a) S2 □ (b) S4 □ 

(c) S6 □ (d) Sg □ 

2 The most stable allotropic form of sulphur is; 

(a) rhombic □ (b) monoclinic □ 

(c) plastic □ (d) milk of sulphur □ 

3 . Ozone is: 

.(a) comp o und o f oxygen. . _ Q 

(b) allotrope of oxygen □ 

(c) isotope of oxygen □ 

(d) mixture of atomic and molecular oxygen □ 

4 The percentage of ozone in ozonised oxygen is about: 

.---(a)- 4 ^....--B" - —0- 

(c) 10 □ (d) 100 □ 

5 . The product A in the following equation : 

2KMn04-> A + Mn02 + O2, is : 

(a) K2Mn207 □ (b) K2Mn04 □ 

(c) K2O □ (d)K202 □ 

6. Wheii Mn02 is added to KCIO3 in the preparation of oxygen 

the decomposition temperature of KCIO3 is reduced from 
35 (fCto. 

(a) 30 (TC □ (b) 150 T □ 

(c) 250 ®C □ (d) room temperature □ 

7 . The oxide which on strong heating evolves oxygen is: 

(a) Na20. □ (b) AI2O3 □ 

(c) CaO □ (d) Ba02 □ 

8. Non-metals combine with oxygen to form usually: 

(a) basic oxides □ (b) neutral oxides □ 

(c) acidic oxides □ (d) amphoteric oxides □ 

9 . Which one of the following is an amphoteric oxide? 

(a) Mn02 □ (b) ZnO □ 

(c) CaD □ (d) CO2 □ 

10 , In the upper layers of atmosphere, ozone is formed: 

(a) by action of electric discharge on oxygen molecules □ 

(b) by action of ultraviolet rays on oxygen molecules □ 

(c) by action of infrared rays on oxygen molecules □ 

(d) due to sudden drop of pressure □ 

II . On heating ozone, its volume: 


12 . 


13 . 


(a) increases to times □ 
(c) remains unchanged □ 
Which requires catalyst? 

□ 
□ 


(a) S+O2 - >S02 

(c) C + 02^->C02 

In the reaction, 

2KI + H2O + O3- 
the compound A is: 

(a) KIO3 

(c) fflOs 


(b) decreases to half 
(d) becomes double 

(b) 2SO2 + O2->2803 

(d) All of these 


□ 

□ 


-^2K0H + 02 + A, 


(b) I2O5 

(d) h 


□ 

□ 

□ 

□ 


□ 

□ 


14 . The number of unpaired electrons in the /?-subshell of VIA 
or 16 th group of the periodic table is: 

(a) 1 □ (b) 2 □ 

(c) 3 ' □ (d )4 □ 

15 . Which shows maximum catenation property? 

(a) Te □ (b) Se □ 

(c) S □ (d) O □ 

16 . Ozone readily dissolves in: 

(a)'"H20....-. ^ 

(c) turpentine oil □ (d) ammonia □ 

17 . The maximum bond angle is in: 

(a) H2O □ (b) H2S □ 

... ^ □. fd)lf:^. .. . .^ 


18 . Which one of the metal sticks to glass plate on treatment 
with ozone? 

(a) Silver □ (b) Mercury □ 

(c) Copper □ (d) Lead □ 

19 . Moist iodine reacts with ozone to form: 

(a) HI □ (b) I2O5 □ 

(c) HlOa □ (d) HIO4 □ 

20 . In the laboratory H2S is prepared by the action of: 

(a) dilute H2SO4 on FeS □ (b) dilute H2SO4 on FeS03n 

(c) hydrogen on sulphur □ (d) hydrogen on 86283 □ 

21. When H2S is passed through acidified K2Cr207 solution, the 
solution turns: 

(a) yellow □ (b) blue □ 

(c) white □ (d) green □ 

22 . Which one of the following is purely reducing agent? 

(a) Hydrogen sulphide □ (b) Hydrogen peroxide □ 

(c) Sulphur dioxide □ (d) Ozone □ 

23 . Sulphur dioxide is obtained by the action of dilute H2SO4 
on: 

(a) copper turning □ (b) sodium sulphate □ 

(c) sodium sulphite , □ (d) sodium sulphide □ 

2 A, The formula of oleum is: 

(a) H2SO5 □ (b) H2S2O7 □ 

(c) H2S2O3 □ (d) H2S2O8 □ 

25 . Low volatile natum of H2SO4 is due to : 

(a) strong bonds □ (b) hydrogen bonding □ 

(c) van der Waals’ forces □ (d) none of these □ 

2 j 6 , The ratio of the gases obtained on dehydration of HCOOH 
and H2C2O4 by cone. H2SO4 is : 

(a). 2 : 1 - □ (b) 1:2 . □ 

(c) 3 : 1 □ (d) 1 : 3 □ 

H2SO4 


[Hint HCOOH- 

H2C204- 


H,SO. 


->C0 + H20; 
4C0-fC02+H20 


The ratio is 1 : 2.1 
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27 . Which one of the following on heating will give mixture of 
SO2 and SO3? 

(a) ZnSOs □ (b) CUSO4 □ 

(c) Na2S04 □ (d) FeS04 □ 

28 . Which of the following oxides is amphoteric in character? 

[AXE.E.E.2005] 

(a) CaO □ (b) CO2 □ 

(c) Si02 □ (d) Sn02 □ 

29 . Ozone molecule is: 

(a) linear □ (b) triangular □ 

■(c) tetrahedral □ (d) none of these □ 

30 .. Which of the following hydrides of the oxygen family shows 
the IpwM bpiiin^^^^ __ 

(^IhP ' 1 □ (b)H2S □ 

(c) H2Se ' ' p (d) H2Te □ 

3 L A considerable part of the lijarmful ultraviolet radiation of the 
sun (does not reach the surface of earth. This is because in 

1— - the upper atmosphere, thereTs a layer^f:- - 

(a) O3 □ (b) CO2 □ 

(c) NH3 □ (d) H2 □ 

32 . SF5 is unreactive towards water fc^ause : 

(a) sulphur has very small size . □ 

(b) fluorine is most electronegative element □ 

(c) sulphur shows +6 oxidation state □ 

(d) due to steric hindrance water molecule cannot attack 

S-atom □ 

33 . In sulphate ion the oxidation state of sulphur is 4-6 and 

hybridization state of sulphur is : 

(a) sp'^ □ (b) sp'^d'^ □ 

(c) dsp^ □ (d) sp^ □ 

34 . The catalyst used in the manufacture of sulphuric acid by 
lead chamber process is: 

(a) Pt □ (b) Ni □ 

(c) NO □ (d) N2O3 □ 

35 . From the following information 

X + H2SO4-^ Y (a colourless and irritating gas) 

Y + K2Cr207 + H2SO4-> green coioured solution 


Identify the pair X and F. 

(a) CrHa □ (b)S03“S02 □ 

(c) H2S □ (d)C03“C02 □ 

36 . The catalyst used in the manufacture of H2SO4 by contact 
process is: 

(a) platinised asbestos □ (b) M □ 

(c) Fe □ (d) NO □ 

37 . Oleum is: 

(a) a mixture of cone, H2SO4 and oil □ 

(b) sulphuric acid saturated with SO3 □ 

(c) a mixture of H2SO4 and HNO3 D 

(d) a mixture of H2SO4 and HCl □ 

38 . In disulphurous acid or pyrosulphurous acid, the oxidation 
states of sulphur can be : 

(a) +6 and -2 □ (b) +6 and 0 □ 

(c) +5 and +3 □ (d) +5 and -2 □ 


O O 
it II 

[Hint: HO--S] 

+5+3 

II 

O 

39 . Which is the most basic of the foUowing oxides? 


(a) Na20 □ (b) B2O3 □ 

(c) ZnO □ (d)P203 □ 

40 . Which of the following is the most acidic? 

(a) AI2O3 □ (b) Na^ □ 

(c) MgO □ (d) CaO □ 

41 . Which is not the characteristic of cone. H2SO4? 

. (a) Oxidising agent □ (b) Efflorescent □ 

(0 Hyjgoscopic □ (d) Sulph onatin g agent □ 

42 . H2S is passed thmugh potassium permanganate solution, we 
get: 

(a) potassium sulphide □ (b) sulphur □ 

(c) potassium sulphite □ (d) manganese sulphide □ 

_j 43 . ^ T!he ^as 03 cannot .oxidise :-. - -—= 

(a) KMn04 □ (b) FeS04 □ 

(c) KI □ (d) K2Mn04 □ 

44 . Which statement about H2S is false- ? 

(a) It is a covalent com|K)und □ 

(b) It is a gas with bad smell □ 

(c) It is a weak base in water □ 

(d) It is a stronger reducing agent □ 

45 . Sulphur does not exist as S2 molecule because : 

(a) It is less electronegative □ 

(b) It‘h^ ability to exhibit catenation □ 

(c) It is not able to constitute pn-pn bond □ 

(d) It has the tendency to show variable oxidation statesD 
46 ^ The gases respectively absorbed by alkaline pyrogallol and 

oil of cinnamon is: 

(a) 03,CH4 □ (b) SO2. CH4 □ 

(c) 02,03 □ (d)N20, 03 □ 

47 . Ordinary oxygen contains: 

(a) a mixture of O^^, O^^ and O^^ □ 

(b) a mixture of O and O □ 

(c) only o’® □ 

(d) only o’* □ 

48 . Anhydride of sulphuric acid is: 

(a) SO2 □ (b) SO3 □ 

(c)H 2S203 □ (d)H2S03 □ 

49 . Sulphuric acid is a dib^ic acid in nature, hence it forms: 

(a) acidic salt □ (b) acidic and basic salt □ 

(c) acidic and normal salt □ (d) double salt □ 

50 . When SO2 is passed through a solution of H2S in water: 

(a) sulphuric acid is formed □ 

(b) a clear solution is formed □ 

(c) sulphur is precipitated □ 

(d) no change is observed □ 

51 . Cone. H2SO4 displaces hydrogen chloride from chlorides 
because: 

(a) it is stronger than hydrochloric acid □ 

(b) HCl is a gas while H2SO4 is a liquid □ 
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(c) sulphates ; 

are more soluble than chlorides 

□ 

66. 

Caro’s acid is: 





(d) sulphates are less soluble than chlorides 

□ 


(a) li2SOs 

□ 

(b) H2SO3 

□ 

52 . 

The valency of sulphur in SO^ is: 



(C) H3S2O5 

□ 

(d)H2S208 

□ 


(a) 2 

□ (b) 1 

□ 

67 . 

Marshall’s acid is: 





(c )4 

□ (d) 6 

□ 


(a) H2S2O5 

□ 

(b) H2S20g 

□ 

53 . 

SO2 + H2S — 

Product. The final product is; 



(c) H2SO5 

□ 

(d) H2S04 

□ 



[J.E,E. (Orissa) 2005 ] 

68. 

Ozone turns benzidine 

paper: 




(a) H2SO4 

□ (b)H2S03 

□ 


(a) violet 

□ 

(b) brown 

□ 


(c) H2S2O3 

□ (d)H20 + S 

□ 


(c) blue 

■ □ 

(d)red 

□ 

54 . 

An element forms a gaseous oxide which on dissolving 

in 

69 . 

S02is: 





water gives an acidic solution. The element is: 



(a) acidic 

□ 

(b) alkaline 

□ 


(a) hydrogen 

□ (b) sodium 

□ 


(c) neutral 

□ 

(d) amphoteric 

□ 


(c) sulphu r.. Q .(id)jnagiiesium- - ^ 

55 . Fuming sulphuric acid is: 

(a) H2SO4 + SO2 n (b) H2SO4 

(c)H 2S04 + S04 □ (d)H2S04 + S03 

56 . Which of the following turns lead acetate paper black? 

... 


p 


□ 

B- 

□ 


(c)H 2 S 04 □ (d)H2S 

57 . What is same in various hydrides of chalcogens? 

(a) Molecular shape □ 

(b) Reducing nature □ 

(c) Central bond angle □ 

(d) Magnitude of interparticle forces □ 

58 . Which of the following elements occurs in native state? 

(a) I □ (b)S □ 

(c) Si □ (d) P □ 

59 . When concentrated H2SO4 is added to dry KNO3, brown 
fumes evolve. These fumes are of: 

(a) SO2 □ (b) SO3 □ . 

(c) NO2 □ (d) NO □ 

60 . Mark the wrong statejmont. When Na2S is added to sodium 
nitroprusside solution: 

(a) beautiful violet colour is prcKluced □ 

(b) a complex [Fe(CN)5NOS]'^ is formed □ 

(c) a complex [Fe(CN)5NOS]^“ is formed □ 

(d) the complex Na4[Fe(CN)5NOS] is formed □ 

61 . When H2S is passed through nitric acid solution, the product 
formed is: 

(a) H2SO4 □ (b) colloidal sulphur □ 

(c) SO2 □ (d) plastic sulphur □ 

62 . Mark tiie compound which gives carbon with cone. H2SO4: 

(a) formic acid □ (b) succinic acid □ 

(c) oxalic acid □ (d) sugar □ 

63 . Oxygen can be obtained from bleaching powder by: 

(a) adding dilute acid □ 

(b) passing carbon dioxide □ 

(c) heating with a cobalt salt □ 

(d) adding alkalies □ 

64 . Ozone reacts with K4Fe(CN)5 to form: 

(a)Fe203 □ (b)Fe(OH)3 □ 

(c) Fe(OH)2 □ (d) K3Fe(CN)6 □ 

65 . Bleaching action of SO2 is due to: 

(a) reduction □ (b) oxidation □ 

(c) its acidic nature □ (d) hydrolysis □ 


□ 

□ 

□ 

□ 


. Which-one-ofr the- following-statements-is wrong?- 

(a) H2S is a dibasic acid 

(b) H2S acts only as a reducing agent 

(c) The bond angle in H2S is 109 ^ 8 ^ 

(d) H2S has rotten smell 
? 1 ,- Whidi one of^e^oliowing statements is w 

(a) SO2 dissolves in water and forms sulphurous acid □ 

(b) SO2 acts as a bleaching agent □ 

' .(c) SO2 has pungent odour □ 

(d) SO2 acts only as oxidising agent □ 

72 . About H2SO4, which of the following statements is incorrect? 

(a) It acts as a reducing agent □ 

(b) It acts as an oxidising agent □ 

(c) It acts as dehydrating agent □ 

(d) It is highly viscous □ 

73 . Which one of the following is wrong? 

(a) Oxygen and sulphur belong to the same group of periodic 

table □ 

(b) Oxygen is a gas while sulphur is solid □ 

(c) Both show + 2 , +4 and +6 oxidation states □ 

(d) HaS has no hydrogen bonding □ 

74 . Which one of the, following is not true peroxide? 

(a) Pb02 □ (b) Ba02 □ 

(c) Na202 □ (d) H2O2 □ 

75 . Which of the following oxides exists as trigonal planar 
molecule in gaseous state and a cyclic trimer in the solid 
state? 

(a) SO2 □ (b) SeOs . □ 

(c) SeOs n (d) SO3 □ 

76 . Which of the following acts as pickling agent? 

[C.RM,T. 2006 ] 

(a) HNO3 □ (b) H2SO4 □ 

(c) HQ □ (d) HNO2 □ 

77 . H2S is far more volatile than water because: 

(a) sulphur atom is more electronegative than oxygen atom 

□ 

(b) oxygen atom is more electronegative than sulphur atom 

□ 

(c) H2O has bond angle of nearly 105 “ □ 

(d) hydrogen atom is loosely bonded with sulphur □ 

78 . Which compound acts as an oxidising as well as a reducing 
agent? 

(a) SO2 □ (b) Mn02 □ 

(c) AI2O3 □ (d) Cr03 □ 
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79 . When SO2 is passed through cupric chloride solution: 

(a) the solution becomes colourless and a white ppt. of 

CU2CI2 is obtained □ 

(b) a white ppt. is obtain^ □ 

(c) the solution becomes colourless □ 

(d) no visible change takes place □ 

80 . The acid used in lead storage cells is: 

(a) phosphoric acid □ (b) nitric acid □ 

(c) hydrochloric acid □ (d) sulphuric acid □ 

81 . Hydrolysis of one mole of peroxydisulphuric acid produces: 

(a) two moles of sulphuric acid □ 

(b) two moles of peroxymonosulphuiic acid □ 

(c) one mole of sulphuric acM aiyLQne_mQte of p^pxy- 

monosulphuric acid □ 

(d) one mole of sulphuric acid, one mole of peroxymono- 
sulphuric acid and one mole of hydrogen peroxide □ 

82 . Which of the following bonds has the highest energy? 

. —(-a)-Se—Ser-T——□- 

(c) □ (d) 0^0 □ 

83 . Which of the following molecule does not possess a 
permanent dipole moment? 

(a) □ (b) SO2 □ 

(c) SO3 □ (d) CS2 □ 

84 . Which of the following is the most powerful oxidising agent? 

(a) H2SO4 □ (b) H3BO3 □ 

(c) HPO3 □ (d) H3PG4 □ 

85 . In which of the following species, S-atom assumes jp^~hybrid 
state? 

(i) SO3 (ii) H2S (Mi) CS2 (iv) Sg 

(a) (i) and (ii) □ (b) (ii) and (iii) □ 

(c) (ii) and (iv) □ (d) (iii) and (iv) □ 

86. All the elements of the oxygen family are: 

(a) non-metals □ (b) metalloids □ 

(c) radioactive □ (d) polymorphic □ 

87 . The geometry of H2S and its dipole moment are: 

(a) angular and non-zero □ (b) angular and zero □ 

(c) linear and zero □ (d) linear and non-zero □ 

88. The oxidation number of sulphur in Sg, S2F2, H2S respec¬ 
tively, are: 

(a) 0, +1 and -2 □ (b) +2, +1 and -2 □ 

(c) 0, +1 and +2 □ (d) - 2 , +1 and -2 □ 

89 . Which of the following does not have S—S linkage? 

[Roorkee (S) 2000 ] 

(a) S20i- □ (b) S20i- □ 

(c) S20i" □ (d) S20i- ■ □ 

90 . Amongst H2O, H2S, H2Se and H2Te, the one with highest 

boiling point is: . [LLT. (S) 2000 ] 

(a) H2O because of hydrogen bonding □ 

(b) H2Te because of higher molecular weight □ 

(c) H2S because of hydrogen bonding □ 

(d) H2Se because of lower molecular weight □ 

91 . The number of S—S bonds in sulphur trioxide trimer S3O9 

is: [LLT. (S) 2001 ] 


(a) three □ (b) two □ 

(c) one □ (d) zero □ 

92 . In OF2 molecule, the total number of bond pairs and lone 

pairs of electrons present respectively are: [D.EM.T. 2002 ] 
(a) 2,6 □ (b)2,8 □ 

(c) 2,10 □ (d) 2,9 □ 

93 . Which of the following has pit-dit bonding? 

[C.B.S.E. 2002 ] 


(a) NOi 
(0 BOi- 


□ (b)sor 

□ (d)CO|- 


□ 

□ 


94 . In the species O2, O2, O2 and O2 , the correct deceasing 


[A.LE*E.E. 2002 ] 

----0- 


order of bond strength is: 

- (a) O2 > of Of^ 

(b) O2 > 02 > 02 > O 

(c) 0i'>02>0j>02 □ 

(d) 05 >02“ >02 >02 □ 

95 r The angular shaperoTozone-mol^ulefOs) consists ofe== 


[C.B.S.E. 2008 ] 

(a) 1 sigma and 1 pi bond □ 

(b) 2 sigma and 1 pi bond □ 

(c) 1 sigma and 2 pi bonds □ 

(d) 2 signm and 2 pi bonds □ 

%. Excess of PCI5 reacts with cone. H2SO4 giving: 

[C.E,T. (Karnataka) ^ 08 ] 
(a) sulphuryl chloride □ (b) sulphurous acid □ 

(c) chlorosulphonic acid □ (d) thionyl chloride □ 

97 . The element evolving two different gases on reaction with 

cone. H2SO4 is: IP.E.T. (Kerala) ^ 08 ] 

(a)P □ (b)C □ 

(c)Hg □ (d)S □ 

(e) Sn □ 

98 . Select the incorrect statement about the following: 

[J.E.E. (W.B.) 2008 ] 

(a) O3 is used as germicide for purification of air □ 

(b) In O3, O—O bond length is identical with that of 

molecular oxygen □ 

(c) O3 molecule is angular in shape □ 

(d) O3 is an oxidising agent □ 

99 . The correct order of O— 0 bond length in O2, H2O2 and O3 

is: [EE,T. (Rajasthan) 2006 ] 

(a)03>H202>02 □ (b) 02>H202>03 □ 

(c) O2 > O3 > H2O2 □ (d) H2O2 > O3 > O2 □ 

100 . In which of the following ions, there is no S—S bond? 

[PJVfX (Kerala) 2008 ] 

□ (b) S20i- □ 

□ (d) S20t-^ □ 

(e) S2O7- □ 

101 . Which of the following is not correct? [A.F.M.C. 2008 ] 

sileEt electric 

(a) 3O2 . 2O3; A/f =- 284.5 kj □ 

discharge 

(b) ozone undergoes addition reaction with unsaturated 

carbon compounds □ 


(a) S2OI- 
(c) S2oi- 
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(c) sodium thiosulphate reacts with I2 to form sodium 

tetrathionate and sodium iodide □ 

(d) ozone oxidises lead sulphide to lead sulphate □ 
1 Q 2 . The number of sigma and pi bonds in peroxydisulphuric acid 

are, respectively: [EA.M.C.E.T. (Engg.) im] 

(a) 9 and 4 □ (b)lland 4 □ 

(c) 4 and 8 □ (d) 4 and 9 □ 

[Hint : Structure peroxydisulphuric acid 

O O 

cr||?i o||7i 

H-S-0-2_S-^0-^0^S-2»0-^H] . 

o||?t <j||jc 

o o 


Set II : This set contains questions with two or more correct answers. 

104 , Which among the following are peroxo acid of sulphur? j 109 . Select the correct statements about Na2S203*5H20: 



(a) H2SO3 

□ 

(b) H2SO5 

□ 


(a) It is also called as hypo 

□ 


(c) H2S2O8 

□ 

(d) H2SO4 

□ 


(b) It is used in photography to form complex with AgBrD 

m. 

^electThe collect statements^ about oxygen molecule: 



(c) It can be used as antichlor 

□ 


(a) It is paramagnetic 



□ 


(d) It is used to remove stains of I2 

□ 


(b) Its bond order is two 



□ 

110. 

Which of the following are amphoteric? 



(c) In liquid state it is blue coloured 

□ 


(a) BeO □ (b) Ai203 

□ 


(d) It has two unpaired electrons 

□ 


(c) ZnO □ (d) SO2 

□ 

106 . 

SO2 acts as: 




111. 

Which reagent does not give oxygen as one of the product 


(a) bleaching agent 

□ 

(b) oxidising agent 

□ 


during oxidation with ozone? 



(c) reducing agent 

□ 

(d) disinfectant 

□ 


(a) SO2 □ (b) SnCl2/HCl 

□ 

107 . 

Sulphuric acid can be used as: 



(c) H2S □ (d) PbS 

□ 


(a) hygroscopic agent 

□ 

(b) oxidising agent 

□ 

112. 

In which of the following S—S link is present? 



(c) sulphonating agent 

□ 

(d) efflorescent 

□ 


(a) Caro's acid □ (b) Dithionic acid 

□ 

108 . 

H2S can be used as: 





(c) Thiosulphuric acid □ (d) Chlorosulphonic acid □ 


(a) acid 

□ 

(b) base 

□ 

113 . 

Peroxo acids of sulphur are: 



(c) oxidising agent □ (d) reducing agent □ (a) H2SO4 □ (b) H2SO3 □ 


(c)H 2 S 05 □ (d)H2S208 □ 


103 . The function of Fe(OH)3 in the contact process is: 

[CEX (Karnataka) 2006 ] 


(a) to detect colloidal impurity ’ □ 

(b) to remove moisture □ 

(c) to remove dust particles □ 

(d) to remove arsenic impurity □ 




1. (d) 2, (a) 

II. (a) 12. (b) 

21. (d) 22. (a) 

31. (a) 32. (d) 

41. (b) 42. (b) 

51. (b) 52. (d) 

61. (b) 62. (d) 

71. (d) 72. (a) 

81. (c) 82. (c) 

91. (d) 92. (b) 

101. (a) 102. (b) 

III. (a,b) 112. (b,c) 


3. (b) 4. (c) 

13. (d) 14. (b) 

23. (c) 24. (b) 

33. (d) 34. (c) 

43. (a) 44. (c) 

53. (d) 54. (c) ^ 

63. (c) 64. (d) 

73. (c) 74. (a) 

83. (d) 84. (a) 

93. (b) 94. (b) 

103. (d) 104. (b, c) 

113, (c,d) 


5 . (b) 

6 . 

(C) 

15. (c) 

16. 

(C) 

25. (b) 

26. 

(b) 

35. (b) 

36. 

(a) 

45. (c) 

46. 

(c) 

55. (d) 

56. 

(d) 

65. (a) 

66 . 

(a) 

75. (d) 

76. 

(b) 

85. (c) 

86 . 

(d) 

95. (b) 

96. 

(a) 


105, (a,b,c4) 106. (a,b,c4) 


7. (d) 8. (c) 

17. (a) 18. (b) 

27. (d) 28. (d) 

37, (b) 38. (c) 

47. (a) 48. (b) 

57. (a) 58. (b) 

67, (b) 68. (b) 

77. (b) 78. (a) 

87. (a) 88. (a) 

97, (b) 98. (b) 

107. (a,b,c) 108, (a4) 


9. (b) 10. (b) 

19. (c) 20. (a) 

29. (b) 30. (b) 

39. (a) (a) 

49. (c) 50. (c) 

59. (c) 60, (c) 

69. (a) 70. (c) 

79. (a) 80. (d) 

89. (a) 90. (a) 

99. (d) 100. (e) 

109. (a,b,c4) 110. (a,b,c) 
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Objective Questions for IIT ASPIRANTS 


h When sulphur is boiled with Na2S03, a compound (A) is 
produced. (A) with excess of AgN03 solution gives a 
compound (B) which is water soluble and produces a black 
coloured sulphide (C). Compounds (A), (B) and (C) will be 
respectively : 

(a) Na2S203, Ag2S203, Ag2S 

(b) Na2S04,Ag2S04,Ag2S 

(c) Na2S207,Ag2S04,Ag2S 

(d) Na2S05, Ag2S05, Ag2S04 

[Hint'':.. ^NaaSaOa;. 

(A) 

NaaSaOs + 2 AgNOa-> 2 NaN 03 + AgaSaOs; 

iB) 

AgaSaOj + H2O —> AgaS + H2SO4 ] 

--^--.. 

2 . An organic acid (A) reacts with concentrMed H2SO4 to give 
a neutral oxide {B% acidic oxide (Q and a diatomic oxide (D). 
When (D) reacts with chlorine gas, a poisonous gas (E) is 
evolved. This gas with ammonia gives an organic compound 
(F). The compounds (A) and (F) arc : 

(a) (A) = H2C204and{F) = NH2C0NH2 

(b) (A) = CH3COOH and (F) = NH2CONH2 

(c) (A) = CHCI3 and (F) = H2C2O4 
. (d) (A) = CCl4and(F) = CH3CHO 

[Hint : (C00H)2 H2O + CO2 + CO 

<A) (S) (C) (D)- 

Neutral Acidic Diatomic 
oxide 

CO + CI2-» COCI2 ^NH2C0NH2 ] 

(£) (£) 

Poisonous 

3 , Compounds A and B are treated with dilute HCl separately. 
The gases liberated are Y and Z respectively. F turns acidified 
K2Cr207 paper green while Z turm lead acetate paper black. 
The compounds A and B are respectively : 

(a) Na2S and Na2S03 (b) Na2S03 and Na2S 

(c) NaCl and Na2C03 (d) Na2S03 and Na2S04 

[Hint : SOa turns acidified K2Cr207 paper green. 

NaaSOa + H2SO4-> Na2S04 +SO2+ H2O 

{¥) 

K2CT2OJ + H2SO4 + 3SO2-> Cr2(S04)3+ K2SO4 + H2O 

Green 

HiS turns lead acetate paper black. 

Na2S + H2SO4-^ Na2S04 + H2S 

<Z) 

HaS + Pb(CH3COO)2-^ PbS + ICE^COOE] 

4 A yellow coloured crystalline substance gave a colourless 
gas X on reaction with fluorine, which is thermally stable and 
has octahedral geometry. X can be : 

(a) SF4 (b) S2F2 

(c) SF5 (d) S2F6 

5 * The number of lone pairs and the number of S—S bonds in 
Sg molecules are respettively : 


(a) 8,8 (b) 16,8 

(c) 8,16 (d) 8,4 

[Hint : Sg molecule is shown here. Every sulphur atom is in sp^- 
hybridized state. 



Thus, there are 8 S—S bonds and 16 lone pairs.] 

6. Tailing of mercury test can be used for which of the following 
gas ? 

- (a^Dioxygen.—^^),^,I 5 ihydrogen-,^^^^^ 

(c) Dinitrogen (d) Ozone 

7 . Which of the following solutions does not change its^colour 
on passing ozone through it ? 

(a) Starch iodide solution 

(b) Alcoholic solution of benzidine 

(c) Acidic solution of K2Cr207 

(d) Acidified solution of FeS04 

[Hint : Ozone does not react with acidified solution of 
K 2 Cr 207 .] 

8 . A green coloured solution of a salt changes its colour to light 
pink on passing ozone through it. Which of the following 
species represent pink and green colour respectively ? 

(a) Mn^”*" and Mn02 0^) Mn04 and MnOf^ 

(c) and (d) MnO^ and Mn04 

[Hint : Mn 04 is green while Mn 04 is pink. Ozone oxidises 
MnOf to MnOil 

9 . An oxide of a non-metal has the following properties : 

(i) acts both as a proton donor as well as proton acceptor 

(ii) it reacts readily with basic and acidic oxides 

(iii) it oxidises Fe at its boiling point 
The oxide is: 

(a) P2O5 (b) Si02 

(c) H2O (d) CO2 

10 . Oxygen is more electronegative than sulphur, yet H2S is acidic 
in nature while H2O is neutral because : 

(a) water molecules are associated due to intermolecular 
hydrogen bonding 

(b) water has higher boiling point than H2S 

(c) H—S is weaker than O—H bond 

(d) H2S is a gas at ordinary temperature while H2O is a liquid 

11 . Which of the following are isoelec tronic and isostnictural ? 

(a)NOi,CO|“ (b)S03,N03 

(c)ao3,co|- (d)co|-,so3 
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[Hint : NO 3 and CO 3 both have same number of electrons (32 
electrons) and central atom in each being sj? hybridized. 


O 


"O 

Structure of 


0 

II 

/N 

“O o 

Structure of 
NO3 


[Hint : The structure of Caro’s acid is 


O 

II 


SO 3 = 40 electrons 
CIO 3 = 42 electrons] 


12. O3 cannot oxidise : 

(a) KI (b) FeS 04 

(c) KMn04 (d) K2Mn04 

13. Which of the following is/are correct ? 

(a) O3 + moist iodine-> HIO3 

(b) FeCl3 + H2S-> colloidal sulphur 


black silver 


(c) O3 +Ag¬ 
ed) AU 

14. A black sulphide when treated with ozone becomes white. 
The white compound is : 

(a ) ZnSO.) ___(h)JPbS04__ 

(c) BaS04 (d) CaS04 


HO—S—0—O—H. The hybrid state is sp and its 
O 

O.N. is + 6 .] 

17. Identily the correct sequence of increasing number of 
7i-bonds in structures of the following molecules, 

(i)H2S206 (ii)H2S03 (iii)H2S205 

(a) i,n,m (b)n,m,i 

(c) n,i,in (d)i,in,n 

00 
11 ii 

[Hint ;--H 2 S 206 ,~-H—9—S—0H -4it-bondst-- 

il Ii 
O O 

o 

II 

H 2 SO 3 , HO—S—OH ^ne it-bondj_ 


[Hint : PbS 

BJack 




^ PbS 04 ] 

White 


H2S2O5, HO~ 


15. Which of die following is correct structure of S2CI2 ? 


O 

■ II 

s~ 

Ii 

o 


.5 —^ OH —37r-bonds.] 

II 

O 


(a) S=S<^' 


Cl 

Cl 


/Cl 


(c) 


^S—s-' 


(b) Cl—S—S—Cl 


(d) a=s=s=ci 


18 . Sulphur reacts with chlorine in 1 : 2 ratio and forms (X). (X) 
on hydrolysis gives a sulphur compound (F). What is the 
hybridized state of central atom in the anion of (F) ? 


CV 


16. What is the hybrid state and oxidation state of sulphur in 
C^o’s acid ? 


(a) sp 
(c) sp^ 

[Hint : S + 2 CI 2 — 

SCI 4 + 4 H 2 O- 


(b) sp 
(d) sp^d 


^ SCI 4 ; 
(^) 


(a) 

(c) +6 


(b) ,+10 

(d) +6 


-> S(0H)4 +4HC1 

H2SO3 + H2O 
iY) 


The hybridized state of S in (F) is sp^.] 


1. (a) 2. (a) 3. (b) 4, (c) 5. (b) 6 . (d) 7. (c) 8 . (d) 9. (c) 10. (c) 11. (a) 12. (c) 

13. (d) 14. (b) 15. (c) 16. (d) 17. (b) 18. (b) 

I Assertion-Reason Type Questions 


The following questions consist of two statements as Assertion 
(A) and Reason (R). Examine the statements and answer the 
questions according to following instructions: 

Mark (a) if both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

Mark (b) if both (A) and (R) are correct but (R) is not the correct 
explanation of (A). 

Mark (c) if (A) is correct but (R) is wrong. 

Mark (d) if (A) is wrong but (R) is correct. 

Mark (e) if both (A) and (R) are wrong. 


1. (A) Tailing of mercury occurs on passing O3 through it. 

(R) This is due to oxidation of mercury. [A.LLM.S. 1^9] 
2 (A) H2O is the only hydride of the chalcogens which is 
liquid. 

(R) In ice, each O atom is surrounded by 4H atoms. 

3, (A) Ozone is a powerful oxidising agent in* comparison to 

O2, 

(R) Ozone is diamagnetic while O2 is paramagnetic. 

[A,LI.M,S. 2005] 

4. (A) SeCl4 does not have a tetrahedral structure. 

(R) Se in SeCl4 has two lone pairs.. [Ai.LM.S. 2005] 
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5 . (A) H2SO4 forms only one series of salts. 6. (A) SO3 acts as an oxidising as well as a reducing agent. 

5I) The molecule of H2SO4 consists of only one OH group. (R) SO2 acts as an oxidising as well as a reducing agent. 


1 


(a) 2 . (b) 3 . (b) 4 . (c) 5 . (e) 6. (d) 



THOUGHT 1 

Sul phuric acid is considered as the king of chemi cals. The 
prosperity of any country is measured by the amount of sulphuric 
acid it consumes. Sulphuric acid is» thus, a substance of very great 
(X)mmercial importance as it is used practically in every important 
industry. This is due to the following properties of sulphuric acid: 
—(a)-acicMG-nature—-------- 

(b) oxidising nature 

(c) dehydrating nature 

(d) sulphonation 

1 * Sulphuric acid has very corrosive action on skin because: 

(a) it reacts with proteins 

(b) it acts as an oxidising agent 

(c) it acts as a dehydrating agent 

(d) it acts as a dehydrating agent and absorption of water is 
highly exothermic. 

2 . Which of the following reactions depict the oxidising 
behaviour of H2SO4? 

(a) 2 HI + H2SO4-> I2 + SO2 + 2H2O 

(b) NaCl + H2SO4-> NaHS04 + HCl 

(c) 2Na0H + H2S04->Na2S04 + 2H20 

(d) 2PCI5 + H2SO4-> 2POCI3 + 2 Ha + SO2CI2 

3 . Sulphuric acid is used: 

(a) in lead storage batteries (b) in making fertilizers 
(c) in making explosives (d) in all of these 

4 . The formation of nitroglycerine is done by the use of 
concentrated nitric acid and concentrated sulphuric acid. The 
process of conversion of glycerine into nitroglycerine is 
termed as: 

(a) sulphonation (b) oxidation 

(c) nitration (d) dehydration 

5 . Only carbon is obtainoi when concentrated H2SO4 is added 
to: 

(a) formic acid (b) cane sugar 

(c) oxalic acid (d) ethyl alcohol 

6. Concentrated H2SO4 cannot be used to prepare HBr or HI 
from KBr or KI because it: 

(a) reacts too slowly with KBr or Kl 

(b) reduces HBr or HI 

(c) oxidises HBr or HI 

(d) oxidises KBr to KBrOa or KI to KIO3 


THOUGHT 2 


IlieJ>ingy compounds rf oxygen with other elements are called 
oxides. They are classified either depending upon their acid-base 
characteristics or on the basis of oxygen content. 

(a) Normal oxides : These oxides which contain oxygen 
atoms as permitted by the normal oxidation number, le., 
^ _ ^ ^2. l^ormal j^ be acidic, basic, amp hoteric or 

neutral. 


(b) Polyoxides : The oxides which contain oxygen atoms 
different than those permitted by the normal oxidation 
number of -2. 


(i) Peroxides : Two oxygen atoms are linked to each 
other and each oxygen has -1 oxidation number. 
They contain (O—O)^ unit, 

(ii) Superoxides : These oxides contain (O— 0 )“* unit, 
Le, each O-atom has oxidation numter - 1 / 2 . 

(c) Suboxides : These contain low content of oxygen than 
expected. 

(t® Mixed oxides : These oxides are made of two simpler 
oxides. 


1 . Which pair of species is referred to as suboxides ? 

(a) CO, NO (b) S02,Ca0 

(c)N 20,C0 (d)N 20 ,C 302 

2 * Which of the following pairs contmns neutral oxides ? 
(a)S02,S03 (b)N 203 ,N 205 ■ 

(c) CO,NO (d)Na20,Ca0 

3 . Which of the following pairs contains mixed oxides ? 

(a) Pb304, Fe304 (b) Mn02, Ba02 

(c) KO2, Na202 (d) Mn304, N2O5 

4 . Which of the following pairs contains amphoteric oxides ? 

(a) BeO,BaO (b) Be0,Al203 

(c) Al203,P205 (d) F^,CuO 

5 . Which of the following oxides is paramagnetic in nature ? 

(a) KO2 (b) Ba02 

(c)H 20 (d)C(^ 


THOUGHT 3 _____ 

Sulphur and rest of the elements of group 16 are less electro¬ 
negative than oxygen. Therefore, dieir atoms cannot take up 
electrons easily. Iliey can acquire configuration by sharing 
two electrons with the atoms of other elements and thus, exhibit 
+2 oxidation state in their compounds. In addition to this, their 
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atoms have vacant J-orbitals in their valence shell to which 
electrons can be promoted from the p and 5-orbitals of the same 
shell. As a result, they can show 44 and +6 oxidation states. 

1. The oxidation state of sulphur in Sg, SO3 and H2S respectively 
are: 

(a) 0, +6 and -2 (b) 42,46, -2 

(c) 0,44 and 42 (d) *-2,46,42 

2. The oxidation state of sulphur in Na2S406 is: 

(a) m (b) 3/2 

(c) 3/5 (d) Sa 

3. The nature of the compounds of sulphur having 44 oxidation 5* 

state is: 

(a) act as oxidising agents 

_(b) act m rMucing . —.. 
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(c) act as oxidising as well as reducing agents 

(d) cannot be predicted 

4. Like sulphur, oxygen does not show 44 and 46 oxidation 
states. The reason is: 

• (a) that oxygen is a gas while sulphur is a solid 

(b) that oxygen has high ionisation enthalpies in comparison 
to sulphur 

(c) that oxygen has high electron affinity in comparison to 
sulphur 

(d) that oxygen has no ^/-orbitals in its valence shell. 
Oxygen exhibits 42 oxidation state in: 

(a) H2O (b) OF2 

(C) 020 (d) H2O2 



— 3 , (d) ” 4 . (c) 5 . (b) 6. (c) 

Thought 2 1 . (d) 2 . (c) 3 . (a) 4 . (b) 5 . (a) 

Thought 3 1 . (a) 2 . (d) 3 . (c) 4 . (d) 5 . (b) 



The answer to each of the following questions is a single 
digit integer^ ranging from 0 to 9. 

1. The number of unpaired electrons in the valence shell of the 
members of oxygen family is : 

2. What is oxidation state of sulphur in Caro’s acid? 

3. How many orbitals are involved in the hybridisation of 
sulphur in SCI2? 


4. How many ir-bonds are present in Marshall’s acid? 

5. Ozone reacts with dry iodine to form an oxide having 
oxygen atoms in its molecule. 

6. How many lone pairs are present in OF2 molecule? 


1 . ( 2 ) Valence shell has six electrons. Out of which two are unpaired. 

ns np 

Eisnui 


o 


2 . ( 6 ) 

II 

O 

11 

3 . ( 4 ) sp -hybridisation 


O O 

111 Il3 

4 . (4) HO—S —0 — 0—S—OH 

112 Il4 

o o 

5 , ( 9 ) 903 4 2I2 -^ I4O9 4 9O2 

o: 

.. / \.. 

<»• (8) ‘f. 
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Elements of Group VIIA 


VorlT^ 

(Halogens) 


12.1 POSITION IN PERIODIC TABLE 

17 th or VnA group of the periodic 

table (extended form) consists of five Period>> 

dements; fluorine (F), chlorine (Cl), 

bromine (Br), iodine (I) and astatine __ 

(At). This group of five elements 2 

forms a family known as halogen-- 

fanuly as their salts are found in sea 3 

water. Halogen is a Greek word --- 

meaning a sea salt. Halogens are 4 

p-block elements as the last differen- 

5 

tiating electron is accommodated on _ 

np subshelL These elements have | ^ 

seven electrons in their valency shell _ 

and thus placed in VII group of the 7 


Group 

Period^^">^ 

m 

16 

vnA 

17 

1 

Zero 1 
18 

1 


— 

H* 

(1) 

He 

(2) 

2 

o 

(8) 

F 

(9) 

Ne 

(10) 

3 

S 

(16) 

a 

(17) 

At 

(18) 

4 

Se 

(34) 

Bt 

(35) 

Kr 

(36) 

5 

Te 

(52) 

^ I 

(53) 

Xe 

(54) 

! ** 

Po 

(84) 

At 

(85) 

Rn 

(86) 

7 

Uuh 

(116) 

? 

Uuo 

(118) 


periodic table. I____!. I 

Except astatine, the members are found in combined state in considerable quantities in nature. Astatine is unstable element of 
radioactive origin. Astatine is radioactive artificially prepared element. These elements possess same electronic configumtion and 
show similarities as well as gradual gradation in their physical and chemical properties. Thus, the inclusion of these elements 
in the same subgroup is justified. However, like other groups, the first element fluorine differs from other elements of the group 
in some respects, 

^ 1. Electronic Configuration 

The elK:tronic configurations of halogens are given as: 
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All the halogens have seven electrons (ns np ) in their 
outermost shell. The electrons in np-orbitals are distributed as 
npx, npy, np^. The penultimate shell in F has 2 electrons, in 
Cl 8 electrons and in Br, I and At 18 electrons. This shows why 
fluorine differs from chlorine and these two differ from the 
remaining elements. 

Since the halogens have only one electron less than the 
number present in the adjacent noble gas, they have a tendency 
to take up one electron to acquire the stable noble gas confi¬ 
guration. Hence, the halogens are very reactive elements. 

i! 2. Physical Characteristics 

MX Physical __statej._Ilie_ tendency Jo. _form condensed 
molecules increases with increase in atomic number. Fluorine 
and chlorine are gases at ordinary temperature, bromine is a 
highly fuming liquid while iodine is a volatile solid. 

....F_Cl_Br I _ 

Gas Fuming liquid Volatile solid 

Halogens exist as diatomic covalent molecules. These 
molecules are held together by weak van der Waals’ forces. 
On account of weak intermolecular forces, the halogens 
are volatile in nature. With the increase in size, these forces 
increase from fluorine to iodine and hence change in physical 
state occurs from gas (F2 and CI2) to solid (I2). 

(b) Atomic and ionic radii: The halogens have the lowest 
values of atomic radii in their respective periods. This is due 
to maximum effective nuclear charge of the halogen in its 
respective period. However, the atomic radii and ionic radii 
(X^ ion) increase gradually from fluorine to iodine. 


Element 

F 

a Br 

I 

Atomic radii (pm) 

64 

99 114 

133 

Ionic radii (pm) (X“l 

133 

184 196 

220 

V 



Increase gradually ' 

- / 


As we move from fluorine to astatine, an extra shell of 
electrons is added to each element. The addition of an extra 
shell increases the atomic and ionic radii from fluorine to 
astatine. The radius of the halide ion is always greater than the 
corresponding halogen atom. 

(c) Atomic volume and density : These increase stea¬ 
dily from fluorine to iodine. 

Element F Cl Br I 

At. volume (mL) 17.1 18.7 23.5 25.7 

Density (in liquid state) 1.5 L66 3.19 4,94 (solid) 

(g cm‘^) at 85 K at 203 K at 273 K at 293 K 

-^ , 

Increase gradually 

(d) Enei^ and stability of X—X bond : Mth the 

increase of size, the bond length increases from fluorine to 
iodine. Since the bond length of fluorine is minimum, its bond 
dissociation energy should be highest. However, the bond 
dissociation energy of fluorine is less than Cl—Cl and Br—^Br. 


S7T 


Actually, the bond dissociation energy should have decreased 
from fluorine to iodine but it starts decreasing from chlorine 
to iodine. 


X—X bond 

F-^F 

Cl-^1 

Br^Br 

1—1 

Bond length (pm) 

142 

199 

228 

267 

Bond dissociation 

158.8 

242,6 

192.8 

151.1 


energy (kJ/mol) 

It has been suggested by Coulson that the lower value of 
bond dissociation energy of fluorine is due to the high inter- 
electronic repulsions between non-bonding electrons in the 
2 p-orbitals of fluorine. As a result, F—F bond is weaker in 
comparison to Cl—Cl and Br—^Br bonds. Thus, the bond 
dissociatira enefi^TolId^ the sequence: 

CI2 > Br 2 ^^ 2^12 

(e) Ionisation enthalpy: The ionisation enthalpies of 
halogens are very high. This indicates that the hal ogens have 

” li little tendency to lose electron to form ^ cation. However, 
the ionisation enthalpies decrease from F to I, Le., the tendency 
to form cation increases from F to I as the size of halogen 
increases. 

Element F Cl Br I 

First ionisation ^ 1680 1256 1142 1008 ^ 

enthalpy (kJ mol-’) Decreases gradually ^ _ 

Iodine having the lowest value of ionisation potential has 
some tendency to form r ion as it forms compounds like ICl, 
ICN, etc., which in molten state conduct electricity showing 
the existence of r cation. 

(f) Electron affinity : Electron affinity values are high 
in the case of halogens as they have one electron less than the 
nearest noble gas configuration, and have a strong tendency to 
accept an additional electron. 

, Element F Q Br I 

Election affinity (eV) -3.6 -3.8 -3.5 -3.2 

The low value of electron affinity of fluorine is probably due 
to small size of fluorine atom, i.e., electron density is high 
which hinders the addition of an extra electron. As we move 
down from chlorine onwards, the electron affinity values 
become less and less negative as the size of the halogen 
increases. Thus, electron affinity follows the sequence: 

Cl (-349 kJ mor‘) > F (-333 kj moF’) > Br (-325 kj mol"’) 

, > I (-296 kJ moF’) 

(g) Electronegativity: The halogens have high values 
of electronegativities. Fluorine has the maximum electronega¬ 
tivity. The electronegativity decreases from fluorine to iodine. 

Element F Cl Br ■ I 

Electronegativity 4.0 3.0 2.8 2.5 

As a result of the decrease of electronegativity, the non- 
metallic character decreases from fluorine to iodine. Metallic 
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character is observed in iodine as it forms in a few cases a 
positive ion and has a metallic lustre. 

(h) Colour : All the halogens are coloured. The colour 
deepens with the rise of atomic number from fluorine to iodine. 

F Cl Br I 

Light yellow Yellow green Reddish brown Deep violet 

The colour is due to 
the absorption of energy 
from visible light by g 
their molecules for exci¬ 
tation of outer electrons 
to higher energy levels. 

Fluorine absorbs violet 
portion ofthe lightand 
thus appears yellov/ IS 
while iodine absorbs 
yellow and green 
portions of the light and 
“thus appears violetT”" Colour omalogens—— 

Change in colour on ® ' 

^ , (b) Colour of Bromine (Br2)—^Reddish brown 

moving down this (c) iodine (I2) —Deep violet 
group is called blue shift Pl^ ^21 

or bathochromic shift. 

(i) Oxidation states : Since these elements have seven 
electrons in their valency shell, each element tries to attain 8 
electrons either by accepting an electron from an element 
which is less electronegative than it or by sharing its unpaired 
electron in /7-orbital with another element. When the halogen 
atom combines with an element of lesser electronegativity, 
it shows -1 oxidation state. On the other hand, when it 
combines with an element having higher electronegativity, 
it exhibits +1 oxidation state. Fluorine, being the most 
electronegative, always shows -1 oxidation state only. 

Chlorine, bromine and iodine show positive oxidation states 
as the electrons in the valency shell can be promoted to vacant 
J-orbitals. These elements Cl, Br and I) can show + 3 , +5 
and +7 oxidation states depending on the number of singly 
occupied orbitals, Le., oxidation states lie between -1 to + 7 . 

ns np nd' 

Halogen atom [tT| \fi T 

m I-1 I--- ----- 


Halogen atom 
(except F atom) in 
the ground state. 

{ns np ) 

Halogen atom in the 
first excited state. 
(ns^np^nd^) 

Halogen atom in the 
second excited state. 
{ns^np^nS) 


Halogen atom in the 

third excited state. 

13 3 

{ns npnd) 


1 unpaired electron; -1 or +1 
oxidation state 
ns np nd 

nl lnitiTllTl III 

3 unpaired electrons; +3 oxidation state 
ns np nd 


5 unpaired electrons; +5 oxidation state 
ns np nd 


1 unpaired electrons; +7 oxidation state 


F atom has no i/-orbitals in the valency sheU, thus it 
cannot have any excited state and consequently cannot 
show any of the higher oxidation states. In the case of 
bromine, the penultimate shell {Le,, is weakly 

screening and hence the energy required to promote an electron 
from 4.5'-orbital is higher than in chlorine and thus bromine 
does not show +7 oxidation state. 

Besides + 3 , +5 and +7 oxidation states, +4 and +6 oxidation 
states are also shown by these elements in oxides and oxyacids. 
Examples : 


Oxidation 

state 

-1 


Fluorine 

Chlorine 

Bromine 

NaF, OFo, 

NaCL MeCL, 

NaBr, CaBr 2 , 

C1F3,IF5 

AgCl, HCl 

AgBr, HBr 

X 

HCIO, CI 2 O 

HBrO, Br 20 

X 

CIF 3 , HCIO 2 

BrF 3 

X 

CIO 2 

Br 02 

X 

HCi03 

HBrO^r^rF^ 

X 

CI 2 O 6 

Br 03 

X 

HC104 

X 


Iodine 


HI, Cal 2 


+7 X HCIO 4 X HIO 4 , IF 7 

(j) Reduction potentials and oxidising nature : Stan¬ 
dard reduction potentials of halogens are positive and decrease 
from fluorine to iodine. Thus, halogens act as strong oxidising 
agents and their oxidising power decreases from fluorine to 
iodine. 

Element F ■ Cl Br I 

Reduction potential 

(£?volt) + 2.87 + 1.36 + 1 . 09 , + 0.54 

-> 

Decreases gradually 

-> 

Oxidising nature also decreases 

The strength of an oxidising agent depends on several energy 
terms as shown below : 


^ X2 (solid)- 


^ heat of 


1 heat of 

4Z2(liq.)—^ 

Z evaporation 

1 iheatof 

^X2{gas)^ ->X(gas) 

^ dissociation 


Oxid. 

potential 


Electron 

affinity 


Z“(Kyd.)< 


Heat of 
hydration 


X-(gas) 


E = 2 2 2 ~ electron affinity - H^yd. 

The E values decreases from fluorine to iodine. 

Fluorine is the strongest oxidising agent. It will oxidise other 
halide ions to halogens in solution or when dry. 

F2+ 2 X~ -> 2 F"+ X2 

(X~ = cr, Br' or F) 

Similarly, chlorine will oxidise Br' and F solution to Br2 and 
I2, respectively and Br2 will oxidise F to I2. In general, a 
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halogen of low atomic number will oxidise the halide ion 
of higher atomic number. 

The halide ions act as reducing agents. F" ion does not 
show any reducing nature but Cl”, Br“ and I” ion act as 
reducing agents and their reducing nature is in increasing order. 

Cr Br" r ^ 

Reducing nature increases 

(k) Solubility: Halogens, being non-polar molecules, do 
not dissolve to a considerable extent in a polar solvent like 
water. However, fluorine reacts with water readily forming a 
mixture of oxygen and ozone. 

IF2 + 2H2O-> 4 HF + O2 

3F2+ ^ 0 —^ 6 HF + O3 

CI2, Br2 and I2 are more soluble in organic solvents such as 
CCI4, CHCI3, paraffii^ and produce coloured solutions. Chlorine, 
bromine and iodine give yellow, brown and violet colour, 
respectively, in chloroform o r carbon tetrachloride. It is bel ieved 
that in nori-polar solvents halogens exist as free molecules. 

In nucleophilic solvents Uke alcohols, ketones, liquid sulphur 
dioxide, halogens produce brown solutions. It is due to complex 
formation (solvent halogen). 

^ 3 . Chemical Characteristics 

(a) Reactivity : Halogens are most reactive non-metallic 
elements, high reactivity is due to low dissociation energies of 
the halogen molecules and high electron affinities. 

Molecule N 2 O 2 H 2 X 2 (halogen) 

Dissociation energy 225 118.3 103.2 35.5 to 57,2 

(kcal/mol) 

In halogens, fluorine is most reactive and iodine is least 
reactive. 

This is due to following factors: 

(i) As the size increases, the attraction for an additional 
electron by the nucleus becomes less. Thus, reactivity decreases. 

(ii) Due to decrease in electronegativity from F to I, the 
bond between halogen and other elements becomes weaker 
and weaker. Fluorides are most stable while iodides are least. 

(iii) Dissociation energies of X~X bonds are low. 

The following reactions illustrate the relative reactivity of 
halogens. 

(i) Reaction towards water : Fluorine decomposes water 
very readily even at low temperature and in dark forming 
mixture of O2 and O3, CI2 decomposes water in presence of 
sunlight while bromine decomposes water very slowly in 
presence of sunlight. Iodine does not decompose water. 

X2 + H2O . HX + HXO 

(CI2 or Bra) 

3F2 + 3H2O -> 6 HF + O3 

2F2 "1" 2H2O -^ 4 - 131 * 4 " O2 

I2 + H2O - > No reaction 

(ii) Reaction with metals and nommetals: Nearly all 
metals combine with fluorine either in cold or on heating foiming 
fluorides. Chlorine combines with large number of metals but 
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slowly. Bromine and iodine do not react with noble metals like 
An, Pt and even with less active metals. 

Halogens also combine with a number of non-metals hke S, 
P, As, etc. The reactivity decreases from fluorine to chlorine. 
For example, sulphur forms hexafluoride with fluorine (SF5), 
tetrachloride with chlorine (SCI4) and dibromide with bromine 
(SBr2) and there is no reaction between sulphur and iodine. 

(iii) Reaction with hydrocarbons: Fluorine brings 
decomposition of the hydrocarbon and also forms fluorinated 
products readily. 

CH4 + 2F2 -> C + 4 HF 

Chlorine and bromine give substitution reactions. The rates 
af reactions, with bromine are slow. lodinedias-practiealljHno 
action on hydrocarbons. 


CH4 + CI2-> CH3CI CH2CI2 CHCI3 CCI4 

(b) Hydrides of the halogens ^dn^en ludides): 

All^edialogens macrwithhydropn totonnl? 61 Mire cdvalelP 
hydrides of forrnula HX. These hydrides are called hydracids. 
The activity of halogens towards hydrogen decreases from 
fluorine to iodine. 

Hydrogen combines explosively with fluorine even in dark. It 
combines with chlorine in presence of sunlight and with bromine 
on heating. Hydrogen combines with iodine on heating and in 
presence of a catalyst. The reaction with iodine is reversible 
and incomplete. Detailed discussion is given in section 12 . 7 . 

(c) Oxides : The compounds of oxygen and fluorine are 
not called as oxides but oxygen fluorides as fluorine is more 
electronegative than oxygen. The compounds of oxygen and 
rest of the halogens are termed oxides. Halogens and oxygen do 
not combine directly with each other. However, these compounds 
have been obtained indirectly. The known compounds are: 


B1O3 


OF2 CI2O BraO ' liOs 

■■02F2 ---a02 ;; ' 

C1206 
CI2O7. ; ■ . ' . 

In these oxides, bonds are mainly covalent due to small 
difference in the electronegativity of oxygen and the halogens. 
Oxygen fluorides do not form oxyacids. Oxides of chlorine are 
acidic and the acidic nature increases as % of oxygen increases. 
Thus, CI2O is least acidic while CI2O7 is most acidic oxide. 


CI2O + H2O 
2CIO2 + H2O 
CI2O6 + H2O 
CI2O7 + H2O 


2 HaO 

HC1O2 + Hao 3 
HQOj + HCIO4 
2HC104 


The oxides of bromine and iodine are also acidic in nature. 
All the three monoxides, viz., OF2, CI2O and Br20 have 
tetrahedral structure involving sp^ hybridization of oxygen; 
bond angle increases with increase in size of halogen atom. 



Fig. 12.2 
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(d) Oxyacids : Fluorine does not form any oxyacid as it is more electronegative than oxygen. Other halogens form oxyacids 
of the type HXO, HZO2, HXO3 and HZO4. Some of the acids are quite unstable and are known only in solutions or as their 
salts. List of oxyacids is given below : 



_Acidity^decreases_:rr^........... 

Note ; Greater is the oxidation state of central halogen atom more will be the acidic character. 



General properties 

(i) In oxyacids, the hydrogen is a part of an —OH group 
arid not diifectly attached to the Kalogeri atomrTEeT6x5^id^ 
are monobasic and form one series of salts. 

(ii) In oxyacids of the same halogen in different oxidation 
states, the acidic nature and thermal stability increase while 
oxidising nature decreases with the increase of oxidation state 
of the halogen. For example, for the four oxyacids of chlorine, 
the acidic character and thermal stability are in the order; 

HCIO < HCIO2 < HCIO3 < HCIO4 

while the oxidising power is in the order; 

HCIO > HCIO2 > HCIO3 > HCIO4 

i.e., increasing oxygen content leads to ; 

(a) an increase in thermal stability 

(b) an increase in strength of the acid 

(c) a decrease in oxidising power. 

(iii) In the oxyacids of different halogens in the same oxidation 
state, the thermal stability and acidic nature, in general, decrease 
with increase of atomic number. However, in HXO3, HIO3 is 
most stable. 

(e) Reaction with alkalies : Fluorine reacts with cold 
dilute alkalies yielding OF2 (oxygen difluoride) and with cone, 
alkalies evolve oxygen. 

2 NaOH + 2F2 -> 2 NaF + OF2 + H2O 

(Cold and dilute) 

4 NaOH + 2F2 -^ 4 NaF + O2 + 2H2O 

(Cone.) 

CI2, Br2 and % behave similarly but differently than fluorine, 
with cold dilute alkalies, they form a mixture of halide and 
hypohalite and with concentrated hot alkalies a mixture of 
halide and halate. 

2 NaOH + X2 -> NaX + NaXO + H2O 

Cold and dilute Halide Hypohalite 

2 NaOH + CI2 -> NaCl + NaClO + H2O 

Sodium Sodium 
chloride hypochlorite 


6 NaOH + 3X2 -^ 5NaX+NaX03+ 3H2O 

Hot and cone. Halide Halate 

.... 6NaOHH-3H -> 5 NaI + NaIO^ + 3mO _ 

Sod. iodide Sod. iodate 

(f) Interhalogen compounds : The halogens on account 
of difference in their electronegativities combine with each 
other to form compounds of type AB^ where A is always 
bigger atom and B is smaller atom and ‘n’ may have values 1, 
3, 5 and 7. These are covalent compounds and called inter¬ 
halogen compounds. T|je value of ‘n’ increases with the increase 
of size of halogen A. Maximum value of 'n' for chlorine is 3, 
for bromine 5 and for iodine 7. The known interhalogen 
compounds are listed below: 

AB type : GIF, BrF, BrCl, ICl, IBr 

AJS3 type : CIF3, BrFs, ICI3 

AB5 type : IF5, BrFs 

ABj type : IF7 

The interhalogen compounds are gases or liquids. These are 
volatile and fume in air. In general, these compounds are more 
reactive than pure halogens except fluorine because 
A —B bond is weaker than B—B bond. These are hydrolysed 
and act as oxidising agents. The compounds of iodine and 
fluorine afe thermally more stable while the compounds of 
iodine and chlorine or iodine and bromine are less stable. 

IZM ANOMALOUS BEHAVIOUR OF 
“ FLUORINE 

Fluorine differs from other members of its own sub-group due 
to the following re^onsr 

(i) Small size of the atom in comparison to the sizes of Cl, 
Br and I atoms. 

(ii) Highest electronegativity. 

(iii) Absence of d-orbitals in its valency shell. 

(iv) Highest positive reduction potential. 

The main points of difference are: 

(1) Fluorine shows only a negative oxidation state of -1 due 
to maximum value of electronegativity. It never shows any 
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positive oxidation state. The other halogens show negative as 
well as positive oxidation states, Le., between -1 and + 7 . 

( 2 ) Fluorine is most'^reactive as bond dissociation energy of 
F—F bond is low. X—X bond is stronger in CI2 and Br2. 

( 3 ) Maximum covalency of fluorine is one as there is no d- 
orbital in its valency shell. Other members can have maximum 
covalency of 7 because of vacant ^^-orbitals. 

( 4 ) HF is a weak acid in comparison to HCl, HBr and HI 
under similar circumstances. HF is a liquid (b.pt. 19 ®C) while 
HCl, HBr and HI are gases under ordinary conditions. This is 
due to presence of hydrogen bonding in HF while hydrogen 
bonding is not present in HCl, HBr and HI. 

( 5 ) Hydrofluoric” acid “ is a “dib¥S^ wMle HCl, 

HBr and HI are monobasic in nature. Thus, hydrofluoric acid 
forms two series of salts such as NaHF2, Na2F2. Most of the 
fluorides are ionic. These contain F~ ion while other halides 

frequently molecu lar lattices.__ ___ 

(6) AgF is soluble in water while AgCl, AgBr and Agl are 
insoluble in water Similarly, calcium fluoride is insoluble and 
other halides of calcium are soluble. 

( 7 ) Fluorine combines with sulphur to form SFg but no 
other halogen forms the hexahalide with sulphur 

(8) Fluorine does not form any oxyacid but other halogens 
form a number of oxyacids. 

( 9 ) It directly combines with carbon while other halogens 
do not react even under drastic conditions. 

( 10 ) Ozone is formed when fluorine decomposes 
water Ozone is not formed when other halogens react with 
water. 

( 11 ) Fluorine does not form any oxysalt when it reacts with 
alkalies while other halogens form oxysalts with alkalies. 

( 12 ) Fluorides are more stable than corresponding chlorine 
compounds. For example, UF5 is more stable than UClg. NF3 
is non-explosive while NCI3 is highly explosive. 

( 13 ) The fluoride ion has a great tendency to form complex 
ions, e,g., [A1F5]^“, [FeF5]^““. The remaining halide ions show 
this tendency to a much lesser extent, 

( 14 ) Fluorine does not have vacant d-orbital in valence shell 
therefore it does not combine with F" ion to form polyfluoride 
ions like CI3, BrJ, I3, I5, etc. 

Similarities between oxygen and fluorine : 

1 . Atomic and ionic radii of both elements are very similar. 

2 . Both exist in gaseous state at room temperature. 

3 . Hydrides of both elements form associated species due 
to hydrogen bond formation. 

(HF). , (H2O), 



FLUORINE 


Occurrence : Fluorine is extremely reactive and, hence does 
not occur in free state. It is widely found in the combined state 
as fluorides. The important minerals are: 


(i) Fluorspar (Fluorite) , CaF2 

(ii) Cryolite , Na3AlF6 

(iii) Fluorapatite ,! CaF2GCa3(P04)2 

It is present in small amount as fluorides in plant-ashes, soil, 

sea water, bones and teeth of animals. It constitutes nearly 
0 . 054 % of earth’s crust. 

Isulatron r ” FluoriM "ples^ difficultiesliT its 

isolation. It remained a difficult problem in chemistry for many 
years and after a hard labour of many chemists for about 75 
years it could be isolated finally by Moissan in 1886 . The 
jce^oxi&.fqj:Jts lat€Ld&coy^i^wei^its4Mgh-Feaetm^^ 
non-conducting nature of hydrofluoric acid. Fluorine attacked 
the material of the vessels used for its isolation. Carbon vessel 
was attacked with formation of CF4 and platinum vessel was 
reduced to chocolate powder. The vessels of other metals 
were also affected. The platinum and carbon could not be used 
as electrodes. Another difficulty experienced was that when 
the electrolysis of aqueous hydrofluoric acid was carried out, 
hydrogen and oxygen (ozone) were obtained and when 
anhydrous hydrofluoric acid was tried it was found to be a bad 
conductor of electricity. 

Moissan finally solved the problem and isolated fluorine by 
the electrolysis of anhydrous hydrofluoric acid in the presence 
of potassium hydrogen fluoride using Pt-Ir alloy vessel at 
~~ 23 ^C. The electrodes used were also of Pt—^Ir alloy. 

Modern methods of isolation : In modem methods, 
fluorine is prepared by electrolysis of a fused fluoride (usually 
potassium hydrogen fluoride, KHF2). The electrolytic cells are 
made of copper, nickel or monel metal. The anode is generally 
of graphite and the fluorine set free contains some carbon 
tetrafluoride. 


l^actiims in the electrolytic cell 

KHF 2 -> KF + HF 


Cathode 
K'^+ 

K + HF-^KF + H 
2H H 2 


Anode 
F'' F + e 
2F F 2 


4. Hydrides of both elements have abnormally high b.pts. The precautions given ahead should be taken in the 

5 . Hydrides of both elements are ionizing solvents. preparation of fluorine : 
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(i) The electrolyte must be completely dry. In presence of 
moisture, the evolved fluorine reacts with moisture to fomi O2 
and O3. 

(ii) The parts of the apparatus which come in contact with 
fluorine must be free from oil and greese. 

(iii) The vessel in which fluorine is collected should also be 
absolutely dry. 

(iv) The gas must be made free from HF before storing by 
passing through sodium fluoride (NaF) otherwise HF will attack 
vessel. 

[Note : HF is more corrosive and reactive than fluorine.] 

The electrolytic cells used are : 

(a) Dennisxells and”tb) “Whytlaw-Gray ce^^- 

^ Properties 

(a) The gas is pale greenish yellow in colour. It can be 
—eoadeRsed-tfryellow 4 iquM-at— 188 °G-aHd-pale-yellow soUd^b 
- 223 °C. (b) It has pungent odour resembling that of a mixture 
of ozone and chlorine, (c) It is a poisonous gas but less 
poisonous than HF gas. (d) It is the most reactive element. 

(i) It can displace all the halogens from their halides, 

. F2 + 2 Na J-> 2 NaF + X2 

(X = Cr, Br^ or H (^2 = CI2, Br2 or I2) 

(ii) It combines with most of the metals and non-metals to 
form fluorides. 

2 Ag -t F2-> 2 AgF 

2 A 1 -tSFa-> 2 A 1 F 3 

Mg + F2-> MgF2 

Hydrogen explodes violently in fluorine even in the dark. 

H2+F2-> H2F2 

A mixture of oxygen and fluorine explodes in presence of 
silent electric discharge, 

O2 Fl -^ O2F2 (Dioxygen difluoride) 

It reacts with wood charcoal, phosphorus, arsenic, antimony, 
boron, silicon producing a flame. 

C+2F2-CF4 ; Si -H 2F2-> SiF4 ' 

2P + 3F2-> 2PF3 ; 2As -H 3F2-> 2ASF3 

2 B-t 3 F 2 -42BF3 

However, fluorine does not react with oxygen, nitrogen and 
inert gases directly under ordinary conditions. 

(iii) Fluorine reacts vigorously with water giving O2 and 
O3. 

2H2O -t 2F2->* 4 HF + O2 . 

3H2O -t 3F2-> 6 HF -t O3 

(iv) Fluorine reacts with dilute alkalies to form oxygen 
difluoride (OF2) and with cone, alkalies O2 is formed. 

2F2 + 2 NaOH-> OF2 + 2 NaF + H2O 

2F2 + 4 NaOH-) 4 NaF + 2H2O + O2 

(v) It acts as a strong oxidising agent. It oxidises chlorates 
to perchlorates, iodates to periodates and bisulphates to peroxy- 
sulphates. 


KCIO3 + Fa + H2O-> KCIO4 + H2F2 

KIO3 + Fa + H2O-> KIO4 + H2F2 

2NaHS04 + F2 -> NaaSaOg + 2HF 

(vi) It attacks glass at about lOO'C forming SiF4. However, 
the attack of dry fluorine is slow. At low temperatures, dry 
fluorine can be stored in dry glass vessel. 

(vii) It reacts with hydrocarbons explosively and forms 
fluorinated hydrocarbons. 

CH4-^CH3F CH2F2 CHF3 CF4 

Fluorine reacts with NH3 to form nitrogen and H2S forming 
SF^ CJ^S"^bims): . . 

2NH3 + 3F2-> N2 + 6HF 

H2S + 4F2-> SFg + 2HF 

(viii) It combines with xenon to form XeF2, XeF4 and 

XeFjTSc^ inert gases). .^ 

(ix) Fluorination of methanol. 

CH3OH + dFa^^CFaOF + 4 HF 
CF3OF is very strong oxidising agent. 


m Uses 

1. It is used as an insecticide. 

2 . It is extensively used for the preparation of various fluorine 
compounds which have wide applications. 

(a) Freon, CCI2F2 (dichloro difluoro methane), is used in 
refrigerators and cold, storage plants. 

(b) Teflon (C2F4);^., a new plastic, has a very high electrical 
resistance and is used as insulating material in cables. Teflon 
is not affected by acids, alkalies and strong oxidising agents. 

(c) H2F2 is used for etching of glass and for removing silica 
from iron castings. 


Si 02 + 2H2F2->SiF 4 + 2H2O 

(d) UFg is used in the separation of U from natural 
uramum by diffiision method. 

(e) SF^ has insulating properties. It is used in X-ray and 
high voltage machines. 

(f) Sodium fluoroacetate is used as a mt poison. 

(g) NaF and Na3AIF6 (cryolite) are used as insecticides. 

(h) CuF 2 is used in the ceramic industry and as a flux in 
soldering, welding and glazing. 


CHLORINE 

Chlorine was discovered by Scheele in 1774 by the action of 
HCl on Mn02. BerthoUet named this gas oxymuriatic acid gas 
since he thought it to be an oxide of muratic acid (old name 
of HCl). In 1810, Davy established its elementary nature and 
named it chlorine on account of its greenish yellow colour 
(Greek, chloros = greenish yellow). 
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Occurrence : Chlorine is widely distributed in nature in 
the combined state in the form of chlorides of various metals. 
Common salt (NaCl) is the most important chloride which 
occurs in sea water, lakes and in rocks. The other important 
chloride minerals are: 

(i) Sylvite (potassium chloride), KCl 

(ii) Camallite, KCl, MgCl2'6H20 

(iii) Chlorapatite, 3Ca3(P04)2*CaCl2 

(iv) Horn silver, AgCl 

Preparation : (i) By the oxidation of hydrcK^hloric 
acid. The oxidising agents which can be used are Mn02, 
Pb025 Pb304 (red lead), KMn04 (Potassium permanganate), 


K2Cr207 (Potassium dicH 
chlorite), O3, etc. 

(a) Mn02 + 2 HC 1 - 

2 HC 1 + 0 - 

fomate), NaClO (Sodium hypo- 

MnCl2 + H2O + 0 

H2O + CI2 

1^02 + Ihci - 

MnCl2 + 2H2O + CI2 . 

(b) Pb 02 + 4 HC 1 - 

(c) Pb304 + 6HC1- 

2 HC 1 + 0 - 

PbCl2 + 2H2O + CI2 

3 PbCl 2 + 3H2O + 0 
-^H20 + Cl2 

Pb 304 + 8 HC 1 ^ 

3 PbCl 2 + 4H2O + O2 

(d) 2 KMn 04 + 6 HC 1 — 

lOHCl + 50 - 

^ 2 KC 1 + 2 MnCl 2 + 3H2O + 5 [ 0 ] 
5H2O + 5 Cl 2 

2KMnG4 + 16 HC 1 - 

2 KC 1 + 2 MnCl 2 + 8H2O+5CI2 

(e) K2Cr207 + 8 HC 1 ^ 
6 HC 1 + 30 - 

-^ 2 KC 1 + 2 CrCl 3 + 4H2O + 3 [ 0 ] 
3H2O + 3CI2 

K 2 Cr 207 + 14 HC 1 ^ 

—> 2 KC 1 + 2 CrCl 3 + 7H2O + 3CI2 

(0 NaQO - 

2 HC 1 + 0 

-^NaCl + 0 

-^H20 + Cl2 

NaC 10 _+ 2 HCl- 

NaCl + H2O + CI2 

(g) • 03 + 2HCl-^02 + H20 + a2 

(ii) By the action of mineral acids or carbon dioxide on 
bleaching powder. 

CaOCl2 + H2SO4-> CaS04 + H2O + CI2 

CaOCl2 + 2 HC 1 -4 CaCl2 + H2O + CI2 

CaOCl2 + CO2-> CaCOj + CI2 

(iii) By heating any chloride with concentrated H2SO4 in 
presence of Mn02. 

Mn02 "t* H2SO4-^ MnS04 + H2O + 0 

[NaCl + H2SO4-> NaHS04 + HCl] x 2 

2 HC 1 + 0 -> H2O + CI2 

2 NaCl + Mn02 +3H2SO4- 

^ 2NaHS04+MnS04+2H20+ CI2 


Laboratory preparation : The following methods are 
used in the laboratory for the preparation of chlorine: 


M (i) By the Action of HCt on Mn02 

The common method of preparing chlorine in the laboratory 
is by heating concentrated hydrochloric acid with manganese 
dioxide in a round-bottom flask fitted with a thistle funnel and 
a delivery tube (Fig. 12 . 3 ). 

MnOi + 4 HC 1 -> MnCl2 + CI2 + 2H2O 



Small quantity of Mn02 is taken in the flask. Concentrated 
HCl is so adjusted that the end of the thistle funnel remains 
dipped in it. The contents are heated slowly. The yellowish 
green gas is evolved. The gas is usually contaminated with 
water vapours and HCl gas. TTie evolved gas is first passed 
through water (to remove HCl gas) and then through cone. 
H2SO4 (to remove water vapours). The chlorine is finally 
collected in a jar by upward displacement of air. 

p (if) By the Action of HCl on KMn 04 

This is a convenient method to prepare chlorine in the 
laboratory. It consists the addition of cold concentrated HCl on 
potassium peimanganate crystals. 

2 KMn 04 + 16 HC 1 —^ 2 KC 1 + 2 MnCl 2 + 8H2O + SCla 
The apparatus used is shown in Fig. 12 . 4 . 



A small quantity of potassium permanganate is placed in the 
flat-bottom flask fitted with a dropping funnel and a delivery 
tube. HCl is added drop by drop from the dropping funnel. A 
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brisk reaction occurs and yellowish-green gas is evolved. It is 
passed through water and cone. H2SO4 and finally, dry and 
pure chlorine is collected in a jar by upward displacement. 

Pure chlorine : It may be obtained by heating dry platinic 
chloride (PtC^) or gold chloride (AUCI3) in a .hard glass tube. 

p^l4 J 7 fC^ PtCl2 + CI2 > 'Pt + 2CI2 
2AUCI3 > 2 AuCl + 2Cl2 .--^°^ > 2 Au + SCI2 

t i 

Maniifactikre : Bulk of chlorine required for commercial 
purposes is obtained as a by-product in^ the manufacture of 
caustic soda by electrolysis of brine solution or in the manu¬ 
facture of sodium Jty. electrolysis of fused so dium chlorid e. 
These processes have already been described in Chapter 6 
under caustic soda and sodium. 

The other methods used for its manufacture are: 

(i) Weldon’s process 

^ ... 

(Mi) Nitrosyl chloride process 

These chemical methcKls are bit costlier and only the nitrosyl 
chloride process is used these days to manufacture chlorine. 

a (1) Weldon’s Process 

This process involves the heating of pyrolusite mineral 
(Mn02) with concentrated hydrochloric acid in stone-ware 
stills. 

Mn 02 + 4 HC 1 -> MnCl2 + 2H2O + CI2 

The manganese chloride present in the waste liquor is 
converted into a product wliich can be used instead of fresh 
pyrolusite for oxidising more of hydrochloric acid. The man¬ 
ganese chloride solution is mixed with excess of lime and air 
is blown in the heated mixture. The following changes occur: 

MnCl2 + Ca(OH)2-> Mn(OH)2 + CaCl2 

2Mn(OH)2 + O2 (Air)-> 2Mn02 + 2H2O 

Mn02 + Ca(OH)2-> CaMnOs + H2O 

Calcium manganite 

Calcium manganite settles down to the bottom as a dark 
coloured mud. This is used for oxidation of fresh quantities of 
hydrochloric acid. 

CaMn 03 + 6 HC 1 —^ CaCl2 + MnCl2 + CI2 + 3H2O 

■ 0i} Deacf»i’s 

This process is superior to Weldon’s process. In this process, 
chlorine is obtmned by the oxidation of HCi with air in presence 
of cupric chloride heated to 400 °C. ^ 

4 HCl + 02^^2a2 + 2H20 

The catalytic action of cupric chloride can be explained 
with the following mechanism. 

2 CuCl 2 > CU2CI2 -I- CI2 
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2CU2CI2 + 02 (Air)-> 2CU2OCI2 

Copper oxychloride 

CU2OCI2 + 2 HC 1 —^ 2 CuCl 2 + H2O 
The cycle is then repeated, the gaseous products being 
steam and cMbrine. 

The mixture of air and hydrochloric acid, preheated to 220 ''C, 
is introduced into a chamber containing a number;of shelves 
on which is placed pumice stone soaked in cuprjc chloride 
solution in HCI. This chamber is surrounded by $ jacket in 
which hot gases at 450 ®C are passed. | 


Water H2SO4 



chamber tower 

i Rg. 12.5 

The gaseous mixture which escapes from the top of the 
catalyst chamber consists CI2, HCI, air and steam. It is freed 
from HCI by washing it with water in the washing tower and 
then dried by passing through the drying tower packed with 
pieces of flint and concentrated H2SO4 flows down from the 
top. Finally, dry mixture of chlorine and air is obtained. 

■ (III) Nitrosyl Chloride Process 

In this process, common salt (NaCl) is treated with 
concentrated nitric acid, when a mixture of chlorine and nitrosyl 
chloride is evolved. 

[NaCl + HNO3-> NaNOj -i- HCI] x 3 

HNO3 + 3 HC 1 -> NOCl + CI2 -I- 2H2O 

3 NaCl 4HNO3-> 3NaN03 NOQ + Cl 2 -t- 2 H 20 

The gaseous mixture is oxidised with oxygen. 

2 NOC 1 -H O2-> 2NO2 CI2 

The gases are liquefied and chlorine distilled out. Nitrogen 
dioxide is absorbed in water in presence of oxygen to form 
nitric acid which can be used again. 

4NO2 -I- O2 2H2O—^ 4HNO3 
Storage and transportation of cMorlne : Chlorine is 
stored and transported in the liquid state. The liquid is stored 
in large steel tanks which are kept in heat-insulated cold storage 
rooms. 












Elements of Group YIIA or 17 (Halogens) 

u Properties of Chlorine 

Physical: (a) Chlorine is a yellowish green gas with a 

pungent suffocating smell, (b) It is heavier than air and oxygen. 
It is 2.5 times heavier than air. (c) It is poisonous in nature. It 
produces headache if inhaled in small quantity. It affects throat, 
nose and lungs. Large quantities prove fatal. 

(d) It can be easily liquefied by cooling under pressure. The 
liquid chlorine is a yellow liquid (b.pt. - 34 . 6 °C). (e) It is fairly 
soluble in water. The aqueous solution is called chlorine water. 
It has yellow colour and smells of chlorine. At 0 °C, crystals 
of chlorine hydrate C12-8H20 are formed. 

Chemical: (a) Combustibility: Chlorine does not bum 
and also ddesndt help in burning. 

(b) Combination with elements : It combines with all 
the non-metals except nitrogen, oxygen, carbon and inert gases. 

It combines with hydrogen in light (but not in dark) with 
explosion to_£prinTlCLTIoweveivinq)resencejjfeharcoal4is a 
catalyst, the reaction is safe. 

H2 + Cl2^2HCl 

Arsenic, boron, sulphur, phosphoms (red), etc., combine 
with chlorine when heated. 

2 AS-I- 3 Cl 2 -> 2ASCI3 

Arsenic trichloride 

2B-I-3C12-> 2BCI3 

Boron trichloride 

2 S + CI2-> S2CI2 

Disulphur dichloride 

2 P + 3CI2-> 2PCI3 

(Red) Phosphorus trichloride 

Yellow phosphorus readily catches fire in chlorine. Most of 
the metals directly react with chlorine to form corresponding 
chlorides. Alkali metals bum brilliantly in chlorine. Iron, copper, 
aluminium, magnesium, zinc, etc., when heated in chlorine 
form corresponding chlorides. A trace of moisture always 
catalyse the reaction. 

2 Na + Cl2-> 2 NaCl ; 2 Fe + 3CI2-> 2 FeCl 3 

2 A 1 -t- 3Cl2-^ 2AICI3 ; Cu + CI2-^ Cua2 

(orAl2Cl6) 

Mg + CI2 —^ ^ ZiiCl2 

(c) Affinity for hydrogen ; It has great affinity for 
hydrogen. It decomposes several hydrogen compounds forming 
HQ. 

(i) Turpentine bums in chlorine forming HCl and carbon. 

C10H16 + 8CI2-> 10 C + IbHCl 

(ii) It reacts with water in the presence of sunlight and 
forms O2. 

2H2O + 2CI2-^ 4 HC 1 + O2 

Chlorine water loses its yellow colour on exposure to sunlight. 
This is due to the formation of HCl. 

(iii) It reacts with ammonia under two conditions: 
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1. When ammonia in excess: The products are nitrogen 
and ammonium chloride. 

2NH3 + 302 -> N2 + 6 HC 1 

[NH3 + HCl-»NH4CI] X 6 

8NH3 -I- 3CI2 -^ N2 -I- 6NH4CI 

2. When chlorine in ex«»ss ; The products are nitrogen 
trichloride and HCl, 

NH3 + 302 -> NCI3 -I- 3 HC 1 

(iv) It removes hydrogen from H2S. 

H2S + CI2-> 2 HC 1 + S 

(d) Oxidising and bleaching nature: In presence of 
moisture, chlorinc-acts^s an oxidising^and a bleaching- ageiiL 
Chlorine reacts with water forming HO and HCIO (hypo- 
chlorous acid).'HC 10 is not so stable and decomposes giving 
nascent oxygen which is responsible for oxidising and bleaching 
properties of chlorine. 

^ O2 + H2O ^-> HO -I- HOO 

HOO-> HCl -I- O 

CI2+H2O —4 2 HC 1 -I- O 

Coloured matter + Nascent oxygen- > Colourless matter 

The bleaching action is permanent. The delicate articles 
should not be bleached with chlorine. 

1 . It displaces bromine and iodine from bromides and iodides 
respectively. 

2 KBr -t- CI2-> 2 KC 1 + Br2 

2 KI -I- CI2-^ 2 KC 1 -I- 12 

2 . Ferrous chloride/ferrous sulphate containing dilute H2SO4, 
is converted to ferric chloride/ferric sulphate. 

2FeCl2 + CI 2 -> 2FeCl3 

2FeS04 + H2SO4 + CI2-> Fe2(S04)3 + 2 HC 1 

3 . Moist sulphur dioxide is oxidised to H2SO4. 

SO2 + 2H2O -H CI2-> H2SO4 -I- 2 HC 1 

4 . Sulphites are oxidised to sulphates. 

NajSOa + H2O + CI2-> Na 2 S 04 + 2 HC 1 

5 . Sulphur is precipitated-from sodium thiosulphate. 

Na2S203 -I- H2O + CI2-> Na2S04 -1- 2 HC 1 -t S 

or 

Na2S203 -I- 4CI2 + 5H2O-> 2NaHS04 + 8 HC 1 

(e) Action of alkaUes: When passed into cold dilute 
solution of alkalies, it forms chlorides and hypochlorites. 

2 NaOH CI2-> NaCl NaClO -1- H2O 

2 KOH + CI2-> KCl -I- KCIO + H2O 

2Ca(OH)2 -I- 2CI2-> Caa2 + Ca(C10)2 + 2H2O 

Cold and dilute 

With hot concentrated alkali solutions, chlorates are formed. 

6 NaOH -I- 3CI2-> 5 NaCl +• NaC103 + 3H2 

6 K 0 H + 3CI2-> 5 KC 1 + KCIO3 + 3H2O 

6Ca(OH)2 + 6CI2-> 5CaCl2 + Ca(C103)2 + 6H2O 

Hot and cone. 
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However, when chlorine is passed over dry slaked lime, 
bleaching powder is obtained. 

Ca(OH)2 + CI2-> CaOCla-HaO 

Slaked lime Bleaching powder 

(f) Addition reactions: Chlorine forms addition com¬ 
pounds with SO2, CO and unsaturated hydrocarbons. 

SO2 + CI2-> SO2CI2 ; CO + CI2-> COCI2 

Sulphury] chloride Carbonyl chloride 

(Phosgene) 

Phosgene is highly poisonous gas. 

C2H4 + CI2-> C2H4CI2 

____Ethylene.-chloride.- ■ -. 

ii Uses of Chlorine 

It is used : (i) in the manufacture of bleaching powder, 
xMorates,JhLypochlo^s4^yd^chbric,acid,cMorofo^^ 
tetrachloride and a number of synthetic organic compounds, 

(ii) in the purification of drinking water, (iii) as a bleaching 
agent for cotton fabrics, paper and rayon, (iv) in the extraction 
of gold and platinum, (v) as an oxidising agent, (vi) as a 
germicide and disinfetant. (vii) for the manufacture of 
poisonous gases like phosgene (COCI2), tear gas (CC13-N02) 
and mustard gas (Cl——C2H4—Cl). 

I 2 II BROMINE 

Bromine was discovered in 1826 by the French chemist Balard 
in the mother liquor left after the crystallisation of common salt 
from sea water. The name bromine was given due to its bad 
and pungent odour (Greek: Bromos, a stench). 

Occurrence : It is never found in free state in nature. The 
chief sources of bromine are: 

(i) Sea water contains bromides such as NaBr, KBr, MgBr2, 
CaBr2, etc., in minute amounts. 

(ii) The mother liquor left after the crystallisation of potassium 
chloride from camallite, KCl, MgCl2*6H20 (found in Stassfurt, 
Germany) contains some bromocamallite, KBr MgBr2*6H20. 

(iii) The bromides such as NaBr, MgBr2, etc., are found in 
small amounts in mineral springs and salt lakes. 

(iv) Bromargyrite : a mineral, AgBr. 

Preparation : The following reactions can be used for its 
preparation. 

(i) By passing chlorine through the solution of potassium or 
magnesium bromide, 

2 KBr + CI2-> 2 KC 1 + Br2 

MgBr2 + Ch -> MgCl2 + Br2 

(ii) By adding hydrochloric acid to the mixture containing 
potassium bromide and potassium bromate. 

5 KBr + KBrOs + 6 HC 1 -^ 6 KC 1 + 3 Br 2 + 3H2O 

(iii) By heating mixture of potassium bromide and man¬ 
ganese dioxide with cone. H2SO4. 


Mn 02 + H2SO4-> MnS 04 + H2O + O 

[KBr + H2SO4 -—> KHSO4 + HBr] x 2 
2 HBr + O-> H2O + Br2 

2 KBr + Mn 02 + 3H2SO4-> 2KHSO4+ MnS04+ Br2 + 2H2O 

This reaction is commonly used in the laboratoiy for the 
preparation of bromine. The apparatus used has been shown 
in Fig. 12 . 6 . 



Fig. 12.6 

A mixture consisting 5 g of potassium bromide and 14 g of 
manganese dioxide is taken in a glass retort. 30 mL concentrated 
sulphuric acid to which 180 mL of water has b^n added, is 
poured over the mixture in the retort. The contents are heated 
slowly. The reddish brown vapours of bromine are evolved. 
These vapours are collected in a receiver which is cooled 
under cold water. Bromine vapours condense to give a d^k 
red liquid. 

Since the bromine vapours aie poisonous, the pieparation is 
either carried out in a fuming cup board or in a well ventillated 
laboratory. 

M Manufacture 

L From carn^Ute mother liquor : The mother liquor 
left after the crystallisation of potassium chloride from camallite 
contains about 0 . 25 % of bromine as magnesium bromide and 
potassium, bromide. 

The hot mother liquor is made to flow down a tower packed 
with earthen-ware balls (Fig. 12 , 7 ). A current of chlorine and 
steam is introduced from the bottom of the tower. The vapours 
of bromine set free are condensed in a condenser. 

MgBr2 + CI 2 -> MgCl2 + Br2 

The vapours which do not condense are allowed to pass 
through a tower packed up with moist iron filings, forming 
iron bromides. 

Fe •+ Br2-^ FeBr2 

3FeBr2 + Br2 ■ ^ Fe3Brg 

Ferroso-ferric bromide 
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This is used for manufacture of potassium bromide. 

The bromine so obtained contains chlorine and iodine as 
impurities. It is purified by distilling it with potassium bromide 
and zinc oxide. The bromide reacts with chlorine while zinc 
oxide reacts with iodine. 



Fig. 12.7 

2. From sea water: Sea water is the most important 
source of commercial bromine. 

The sea water is slightly acidified and then treated with 
chlorine to liberate the bromine. 

CI2 + Bromides-> Chlorides + Bromine 

(Sea water) 

The evolved bromine is blown out by means of a current of 
air. The air carrying the bromine vapours are passed through 
absorption towers down which a sodium carbonate solution is 
sprayed. The bromide combines forming sodium bromate and 
sodium bromide. 

3Na2C03 + 3 Br 2 -^ NaBrOs + SNaBr + 3CO2 

The solution containing bromide and bromate is distilled 
with H2SO4 to recover bromine. 

[ 2 NaBr + H2SO4 —^ Na2S04 + 2 HBr] x 5 

2NaBr03 + H2SO4-> Na2S04 + 2HBr03 

[HBr03 + 5 HBr-> 3 Br 2 + 3H2O] x 2 

lONaBr + 2NaBr03 + 6H2SO4-> 6Na2S04 + 6Br2 + 6H2O 

or 5 NaBr + NaBr03 + 3H2SO4- > 3Na2S04 + 3 Br 2 + 3H2O 

The vapours are condensed. 

® Properties 

Fliysical: (a) It is a reddish brown, heavy mobile liquid. 

Its density is 3 . 2 . It boils at 58 . 5 °C and freezes at - 7 . 2 °C to 


a yellowish brown solid, (b) It has irritating bad odour. The 
vapours attack the eyes and mucous membrane of nose and 
throat. It brings blisters on the skin which take a very long time 
to heal. It is poisonous, (c) It is fairly soluble in water (about 
3 . 6 % at 20 °C). The solution is termed bromine water. A 
saturated solution of bromine when cooled in a freezing mixture 
gives bromine hydrate, Br2-8H20. (d) It is more soluble in 
chloroform, carbon tetrachloride, benzene, carbon disulphide, 
etc. The colour of solution is usually reddish brown. 

Chemical ; In chemical behaviour, bromine closely 
resembles chlorine. 

(a) Combination with eiements: « 

(iTBromine reacts directly with hydrogen,-though lessTeadil^r 
than chlorine. The reaction, 

H2 + Br2v=^2HBr 

is slightly reversible. It combines with hydrogen at 2 (X)°C or 
atjroom temperature in presenGe^of-platmmfcas-eatalyst-. —-= 

(ii) It combines with sulphur, phosphorus, arsenic, etc. 

2 P + 3 Br 2 -> 2 PBr 3 

2 As + 3Br2 ——> 2AsBr3 

2 B + 3 Br 2 ^^ 5 g? 1 ^ 2 BBr 3 

(iii) It combines directly with many metals. 

2 Na + Br2-> 2 NaBr (Slow reaction) 

2 K + Br2-> 2 KBr (Fast reaction) 

2 A 1 + 3Br2-^ 2AIBr3 (Violent reaction) 

Zinc reacts in presence of moisture with bromine. 

Zn + Br2 ^—> ZnBr2 

(b) Oxidising action : Bromine is a good oxidising agent. 
It ordinarily does not react with water but in presence of an 
oxidisable substance it forms hydrogen bromide and oxygen 
with water. 

Br2 + H2O-> 2 HBr + O 

A + O-> XO 

Oxidisable substance 

(i) It oxidises SO2 into sulphuric acid. 

SO2 + Br2 + 2H2O — 2 HBr + H2SO4 

(ii) It oxidises sulphites into sulphates. 

Na2S03 + Br2 + H2O-> Na2S04 + 2 HBr 

(iii) It oxidises arsenites into arsenates. 

Na3As03 + Br2 + HjO-^ Na3As04 + 2 HBr 

(iv) It oxidises thiosulphate into sulphate. 

Na2S203 + Br2 + H2O-> Na2S04 + S + 2 HBr 

(v) Sulphur is formed by oxidation of hydrogen sulphide. 

H2S + Br2-^ 2 HBr + S 

(vi) Iodine is liberated from iodides. 

2 KI + Br2-> 2 KBr + l2 
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(c) Action with alkalies : The action of bromine on 
alkalies is similar to that of chlorine, a hypobromite with a cold 
dilute solution and a bromate with a hot solution are formed. 

2 KOH + Br2-> KBr + KBrO + H2O 

(DiL and cold) Pot, hypo- 

bromite 

6KOH + 3Br2-> 5 KBr + KBrOj + SHjO 

(Cone, and hot) Pot. bromate 

6Ba(OH)2 + 6Br2-> 5BaBr2 + Ba(Br03)2 + 6H2O 

(Cone, and hot) Barium . 

broraate 

3Na2C03 + 3 Br 2 -> 5 NaBr + NaBrOs + 3CO2 

(Cone, and hot) 

However, with slaked lime (dry) it forms a compound similar 
to bleaching powder. 

Ca(OH)2 + Br2 —^ CaOBr2 + HjO 

Slaked lime 

-.....--- 

(d) Action of ammonia : It is similar to that of chlorine. 

8NH3 + 3Br2-> 6NH4Br + Nj 

(e) Action of organic compounds: It forms addition 
compounds with unsaturated compounds and substituted 
products with the saturated compounds. 

C2H4 + Br2-> C2H4Br2 

CH4 + Br2-> CHsBr + HBr 

(f) Bleaching action ; The bleaching action of bromine 
is weaker than that of chlorine. The bleaching action is due to 
its oxidising property. 

(g) Action of mercuric oxide: Bromine water reacts 
with mercuric oxide to form mercury oxybromide. 

2 HgO + 2Br2 + H2O-> HgBra-HgO + 2 HBrO 

Mercury oxy¬ 
bromide 

However, on passing tromine vapours over dry HgO at 
60 ^C, bromine monoxide is obtained. 

HgO + 2 Bt 2 -> Br 20 + HgBr2 

B Uses of Bromine 

(i) The chief use of bromine is in the manufacture of ethylene 
bromide (C2H4Br2) which is extensively employed as a 
component of anti-knock gasoline. 

(ii) It is used in the manufacture of NaBr and KBr (used in 
medicine as sedative), and certain organic dyes, 

(iii) Bromine water is used in organic chemistry to test the 
unsaturation of organic compounds. 

(iv) It is used as germicide. 

(v) It is employed as an oxidising agent and in organic 
synthesis. 


12.9 IODINE 

Iodine was discovered by Courtois in 1812 from the ashes of 
sea-weeds. Gay-Lussac established its elementary nature and 
named it iodine on account of the violet colour of its vapours 
(Greek; loeides = violet). 

Occurrence: Iodine never occurs free in nature. In 
combined state, it occurs as iodides and sodium iodate. Traces 
of compounds of this element are found in plants and animals, 
in certain minerals and in sea water. 

There are two main sources of iodine: 

(i) Certain deep sea-weeds (Laminaria species). These 
plants contain 0 , 5 % of iodine in their ashes (known as kelp) 
in the form of iodides. 

(ii) Caliche or crude chile saltpetre which contains about 
0.2% of NaI03 (sodium iodate). 

The less important sources of iodine are: 

-(iLvSodiuni.^potassiurn^aTicLniagTiesiiiTTi iodides in very smalJ 

amounts are found in ores of lead and dolomite, 

(ii) Sea water contains iodides and organic compounds 
containing iodine. 

(iii) Thyroxine which is present in thyroid gland. 

(iv) Oil-well brines contain Nal. 

Preparation: The following reactions can be applied for 
the preparation of iodine : 

(i) By passing chlorine through potassium iodide solution. 

2KI + CI2-> 2KCI + I2 

(ii) By adding potassium iodide solution to copper sulphate 
solution. 

CUSO4 + 2 KI-> Cul2 + K2SO4 

2Cul2-> CU2I2 + I2 

Cupric Cuprous 

iodide iodide 

(iii) By adding cone, sulphuric acid to a mixture of sodium/ 
potassium iodide and sodium/potassium iodate. 

[Nal + H2SO4-> NaHS04 + HI] x 5 

NalOs + H2SO4-> NaHS04 + HIO3 

HIO3 + SHI-> 3H2O + 3I2 

NalOs + SNal + 6H2SO4-> 6NaHS04 + 3H2O + 3I2 

(iv) By adding an oxidising agent such as hydrogen peroxide, 
ozone, acidified potassium permanganate or acidified potassium 
dichromate to potassium iodide. 

2 KI + H2O2-> 2 KOH + I2 

(v) By reacting sodium iodate with sodium hydrogen 
sulphite. 

2NaI03 + SNaHSOs-» 3NaHS04 + 2Na2S04 + I2 + H2O 
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(vi) By heating mixture of potassium iodide and manganese 
dioxide with cone.,H2S04. 

2 KI + 2H2SO4-> 2KHSO4 + 2 HI 

M11O2 + H2SO4 —^ MnS04 + H2O + O 
2 HI + O-> H2O + I2 

2 KI + Mn02 + 3H2SO4-^ 2KHSO4 + MnS04 + 2H2O + I2 

Iodine, in the laboratoiy, is usually prepared by this reaction. 
The following materials are taken in a beaker, KI ( 3.5 g), 
Mn02 ( 7.0 g) and 6iV H2SO4 (100 mL). 


Cold water 



Fig. 12.8 

The contents are heated and the vapours of evolved iodine 
are condensed on a watch glass, cooled by ice as shown in 
Fig. 12 . 8 . 

M Manufacture 

(i) From sea-weeds ; The sea-weeds are collected, dried 
and burnt in shallow pits. The ash left is called kelp. The ash 
is extracted with hot water which dissolves out chlorides, 
carbonates, sulphates and iodides of sodium and potassium. 



Fig. 12.9 

The solution on concentration and cooling separates out 
chlorides, sulphates and carbonates while iodides remain in 
solution. The solution is mixed with manganese dioxide and 
concentrated sulphuric acid in iron retorts. Iodine is liberated 
and condensed in series of earthen-ware receivers known as 
Aludels, 

♦NaHSOj if present in excess, HI is produced, NaHSOs + I 2 + H 2 O 


[Nal + H2SO4 NaHS04 + HI] x 2 

Mn02 + H2SO4-> MnS04 + H2O + O 

2 HI + 0 -> H2O + I2 

2 NaI + Mn02 + 3H2SO4-> 2NaHS04 + MnS04 + H2O +12 

Pure iodine is obtained by sublimation. 

(ii) From caliche : Chile saltpetre is dissolved in water. 
The solution is concentrated and cooled to separate sodium 
nitrate crystals. The mother liquor is treated with a calculated 
amount of sodium hydrogen sulphite* solution to precipitate 
out iodine. 

[NalOs + 3NaHS04-> Nal + 3NaHS04] x 5 

NalO^ + M2SO4 ^HIO^ 

[Nal + NaHS04 —^ Na2S04 + HI] x 5 
HIO3 + SHI > 3H2O -f 3I2 

6 N a IQ^+ ISNaHSQ^— ^ 9 NaHSQ^+ 6Na2S%^ 3 H 

or 2NaI03+ 5NaHS03*-^ 3NaHS04 + 2Na2S04+ H2O+I2 

Purification : Commercial iodine obtained in the above 
processes may contain iodine chloride (ICl), iodine bromide 
(IBr) and iodine cyanide (ICN) which are difficult to be removed 
by sublimation. The impure iodine is distilled with potassium 
iodide which removes the impurities and pure iodine vapours 
are condensed, 

KI + ICl-> KCl + I2 

KI + IBr-> KBr + I2 

KI + ICN--> KCN + I2 

KCl, KBr and KCN are non-volatile substances. 

^ Properties 

Physical : (a) It is a black (dark violet) shining solid, Le,, 

it has metallic lustre, (b) It melts at 114 °C and boils at 184 °C. 
However, it sublimes rapidly below melting point giving violet 
coloured vapours, (c) Iodine produces stains on skin. Its 
vapours are pungent and irritating and very dangerous to inhale, 

(d) Its specific gravity is 4 . 98 . It is diatomic in nature and 
when heated at HOO'^Cdt is converted into atomic form. 

noo^c 

l2^_^I + I 

(e) It is slightly soluble in water giving a light brovm solution. 
Its solubility increases in water in presence of potassium iodide 
due to formation of potassium tri-iodide. KI3 easily breaks 
down and thus the solution has all the properties of free 
iodine. 

KI + l2v=^ KI3 

(f) It is soluble in many organic solvents such as chloro¬ 
form, carbon tetrachloride, alcohol, ether and carbon disul¬ 
phide. The solution in CS2, CHCI3 and CCI4 is violet in colour. 

Chemical : Iodine is chemically less reactive in com¬ 
parison to chlorine and bromine. 


^ NaHS04 4 - 2HI 
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(a) Combination with elements: 

with many elements. 


H2 


+ I2 


Heat 

Pt 


» 2 HI 


It combines directly 


2 P + 3I2 2PI3 

2 K + I2-> 2 KI 

2 Fe + 3I2 2 Fel 3 

(b) Oxidising properties : It is a weak oxidising agent. 
The following reactions show its oxidising nature. 

(i) H2S I2 -^ 2 HI+ S 

(ii) SO2 + I2 + 2H2O-> H 2 S 0 ^+ 2 HI 

(iii) Na 2 S 03 + I2 + H2O > Na 2 S 04 + 2 HI 

(iv) Na3A.s03 + I2 + H2O ^ Na3As04 + 2 HI 

(v) 2FeS04 + H2SO4 + I2-> Fe2(S04)3 + 2 HI 

—(€)-Reactionwith.alkalies :—Iodine reacts with^old^ute^ 
solution of NaOH forming hypoiodite. The colour of the solution 
becomes faint yellow. However, hypoiodite undergoes hydro¬ 
lysis forming HIO. 

2 NaOH + I2-> NalO + Nal -h H2O 

NalO + H2O-^ NaOH + HIO 

NaOH + I2-> Nal + HIO 

Hypoiodous acid 

Iodine when heated with concentrated alkali solution, iodide 
and iodate are formed. The colour of iodine disappears. 


6NaOH + 3l2-> 5NaI-h NaI03 -h 3H2O 

Colourless 

(d) Iodine does not displace chlorine and bromine from 
chlorides and bromides, respectively but it displaces them from 
their oxy salts. 

2KCIO3 + I2-> 2KIO3 + CI2 

2KBr03 + I2-> 2KIO3 + Br2 

(e) Reaction with sodium thiosulphate : Iodine solu¬ 
tion is decolourised by sodium thiosulphate (hypo) as sodium 
tetrathionate and sodium iodide are formed. Both are colourless 
and soluble. 


2Na2S203 + I2-^ 2 NaI + Na2S405 

Sodium thiosulphate Sodium tetrathionate 

This reaction is involved in iodometric titrations in presence 
of starch indicator. 


(f) Action of NH 3 : •Iodine forms a mild explosive with 
ammonia. 

2NH3 + 3I2-> NI3 NH3 + 3 HI 

Explosive 

8NI3-NH3-> 5N2 + 9I2 + 6NH4I 

(g) Reaction with strong oxidising agents: Strong 
oxidising agents convert iodine to iodic acid (HIO3). 

(i) With cone. HNO3. 

I2 + IOHNO3-> 2HIO3 -h IONO2 + 4H2O 

(ii) With ozone. 

I2 + H2O + 5O3 -^ 2HIO3 “h 5O2 

(iii) With chronne water. 

I2 + 5CI2 + 6H2O —^ 2HIO3 + lOHCl 

(h) Reaction with freshly precipitated mercuric oxide: 

Iodine forms hypoiodous acid with mercuric oxide. 

2HgOT2Ip^H2D --4 Hgl2HY(r+2HrO ^ 

(i) Iodine when warmed with alcohol and alkali forms 
iodoform. 

C2H5OH -h 6KOH -h 4I2-> CHI3 -h HCOOK + SKI -h 5H2O 

(j) Reaction with chlorine: When chlorine is passed 
over iodine, at first iodine monochloride, ICl (dark liquid) and 
finally iodine trichloride, ICI3 (yellow solid) is formed. 

(k) Reaction with starch : Iodine turns starch solution 
blue. This is one of the tests of iodine. 

(l) Action on unsaturated organic compounds : Addi¬ 
tion products are formed with unsaturated organic compounds. 

C2H4 -I- I2- > C2H4I2 


m Uses of Iodine 

(a) It is used in medicine, e.g,, tincture of iodine [|oz. 
iodine, ^ oz. KI and 1 pint rectified spirit] and iodex as antiseptic 
and analgesic. Solutions of iodine in KI are used in the treatment 
of goitre. 

(b) It is used in the preparation of iodoform, iodides, dyes, 
etc. 

(c) It is used in the analytical chemistry. 

(d) It is used in the preparation of photosensitive papers, 
films and plates. 



Elements of Group VIIA or 17 (Halogens) 


591 


COMPARISON OF HALOGENS (F2, CI2, Br2 and I2) 


S.No. 

Property 

Fluorine 

Chlorine 

Bromine 

Iodine 

1 , 

Physical state at 

ordinary 

temperatures 

Gas i 

Gas 

Liquid 

Solid 

2. 

Colour 

Pale greenish yellow 

Pale greenish yellow 

Reddish brown 

Violet. 

3. 

Solubility in water 

Decomposes water to form 
HF, O 2 and O 3 

Soluble to form OCF 

Less soluble than chlorine 

Less soluble than bromine 

4 

Density of the solid 
(g mL“') 

1.3 

1.9 

3.4 

4.93 

5. 

Boiling point (^C) 

-187 

-34.6 

58.78 

183 

6 . 

Electronegativity 

4.0 

3.0 

2.8 

2.5 


(Pauhng scale) 






Chemical reactivity 

Highly reactive 

Quite active 

Less active than chlorine 

Less active than bromine 

8 . 

Reaction with 
(i) hydrogen 

Combines explosively even 

Explosive in light, slow in 

Only on heating 

On heating and in presence 



in the dark 

dark 


of a catalyst 


(ii) water 

Decomposes forming HF, 

Forms chlorine hydrate_ 

JDec 6 mposes.^lowly -in- 

-No-aerion—-- 7 ^-^ 



O 2 and O 3 

with ice-cold wata: 

presence of light forming 





Decomposes slowly 

HBr and HBrO or HBr and 





forming HCI and HCIO or 
HQ and O 2 

O 2 



(iii) alkalies 

With dilute alkalies, F 2 O 

Forms chlorides and hypo¬ 

Same as chlorine 

Same as chlorine 



and alkali fluorides are 

chlorites with cold dil 

2NaOH 4 Br 2 -^ 

2NaOH 4 I 2 - > 



formed. With cone, alkalies, 

alkali solution. Chlorides 

dil. 

Nal + NalO + H 2 O 



alkali fluorides and O 2 are 

and chlorates are formed 

NaBr 4 NaBrO 4 H 2 O 

6NaOH 4 3 I 2 -> 



formed 

with hot cone, solutions 

6 NaOH 4 3 Br 2 

SNal 4 NaI 03 4 3 H 2 O 



2NaOH + 2 F 2 — . 

2NaOH (dil.) -h CI 2 

COQC- 




F 2 O + Na2F2 + H 2 O 

NaCl + NaClO -h H 2 O 
6NaOH - 1 - 3 CI 2 5NaCl 4 

cone. 

5NaBr 4 NaBrOs 4 3 H 2 O 




4NaOH + 2 F 2 > 

NaClOa + 3 H 2 O 





2Na2F2 2 II 2 O + O 2 





(iv) halides 

Displaces other halogens 

Displaces Br 2 and I 2 from 
bromides and iodides 

Displaces I 2 from ioiides 



(v) metals 

Reacts with all metals to 

Reacts with almost all 

Many metals are acted upon 

React only with few metals 



form fluorides 

metals forming chlorides 

and bromides are formed 

to form iodides 


(vi) non-metals 

Combines with all non^ 

Combines with many non- 

Combines with many non- 

Combines with only few 



metals except N 2 , O 2 and 

metals (except C, N 2 , O 2 

metals 

non-metals such as P, As, 



lower inert gases 

and inert gases) 


etc. 

9. 

Oxidising nature 

Very strong oxidising agent 

Strong oxidising agent 

Good oxidising agent 

Mild oxidising agent 

10. 

Ble^hing action 

Destroys the reducible 

Bleaches vegetable colours 

Mild bleaching agent 



1 

coloured subst^ince 

easily 

1 ■ 

J_ 


ilM HALOGEN ACIDS OR HYDRACIDS 

All the halogens combine with hydrogen and form the covalent 
hydrides of HX type (X = F, Cl, Br or I). These hydrides are 
called hydracids or halogen acids. 

Hydrogen fluoride (HF) 

Hydrogen chloride (HCI) 

Hydrogen bromide (HBr) 

Hydrogen iodide (HI) 


Preparation (HCI, HBr and HI) 

(i) By the direct combination irf elements: Hydrogen 
chloride (HCI) is formed by burning chlorine in excess of 
hydrogen. 

H2 + CI2-> 2 Ha 

HBr can be prepared by passing a mixture of H2 and Br2 
over a platinum spiral heated to redness by an electric current. 

H2 + Br2 2 HBr 
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HI can also be prepared in small quantities by passing 
hydrogen and iodine vapours over red hot fine platinum. 


(ii) By heating a halide with acid : Hydrogen chloride is 
prepared by heating sodium chloride with concentrated sulphuric 
acid. 

2 NaCl + H2SO4-> Na2S04 + 2 HC 1 

HBr and HI cannot be prepared by heating bromides 
and iodides with concentrated H 2 SO 4 because HBr and HI 
are strong reducing agents and reduce H 2 SO 4 to SO 2 and 
get themselves oxidised to bromine and iodine, respectively. 

KBr+-H2S04->KHS04 + HBr 

KI + H2SO4-> KHSO4 + HI 

H2SO4 + 2 HBr-—> SO2 + Br2 + 2H2O 
H2SO4 + 2 HI-> SO2 + I2 + 2H2O 

Thus, HBF^hdTir are^epared ByTieating KfOTniaes^nd 
iodides respectively with cone, orthophosphoric acid. 

3 KBr + H3PO4-^ K3PO4 + 3 HBr 

3 KI + H3PO4-> K3PO4 + 3 HI 

(iii) HBr and HI can be prepared by hydrolysis of corres¬ 
ponding phosphorus trihalides. 

2 P-r 3 Br 2 -> 2 PBr 3 

2 P 3I2-> 2PI3 

PBr3 + 3H2O-> H3PO3 + 3 HBr 

PI3 -I- 3H2O-> H3PO3 -I- 3 HI 

Hydrogen fluoride: It is an associated molecule and is 
represented by formula, H2F2. 

Pure anhydrous hydrogen fluoride is obtained by heating 
potassium hydrogen fluoride (dry) in a platinum retort. 

2KHF2-^ K2F2 + H2F2 

The vapours are condensed in a platinum condenser and 
collected in a platinum receiver. In place of platinum, lead 
apparatus can also be used. 

The aqueous solution of H2F2 can be obtained by heating 
calcium fluoride with 90 % cone, sulphuric acid in a lead retort. 
The vapours are condensed in a strongly cooled lead receiver. 
Aqueous acid of about 40 % strength can be obtained by passing 
the vapours through water in a lead receiver. 

CaF2 + H2SO4-> CaS04 -t- H2F2 

The aqueous solution of H2F2 is kept in qutta-percha bottles 
when dilute and in wax bottles when concentrated. The 
anhydrous acid is stored in well cooled platinum, gold or silver 
vessels or steel cylinders. 

Properties 

(i) Physical state : Except H2F2, other hydrogen halides 


are gases. They fume in air and have pungent odour. These are 
colourless. All are heavier than air and can be liquefied to 
colourless liquids. 

Their melting and boiling points increase with incre^e in 
atomic mass of the halogen. The low values are due to covalent 
nature. 



HCl 

HBr 

HI 

Melting point CC) 

--111 

-86 

-50.8 

Boiling point (®C) 

-85 

-67 

-35.5 


H2F2 is a liquid with boiling point 19 . 5 ^C. This behaviour 
is due to association of HF molecules through hydrogen 
bonding. 

.-- 

(ii) Constant boiling mixtures : These are fairly soluble 
in water. They form constant boiling mixtures with water 
called azeotrope. 


H 2 F 2 

36% 

120 

HCl 

20.4% 

110 

HBr 

47% 

126 

HI 

57% 

127 


(iii) Stability : The bond strength H —X decreases from 
HF to HI. Thus, HF is most stable while HI is least stable. The 
decrease in stability is due to decrease in electronegativity from 
F fo L This is also observed in the values of dissociation 
energy of H —X bond. 

H-^1 H—Br H--I 

Dissociation 

energy (kcal moF^) 136 105 . 86 70 

HF and HCl are stable upto 1200 ^C, HBr dissociates slightly 
and HI dissociates considerably ( 20 %) at 440 ®C. 

(iv) Acid strength : Hydrogen halides in the gaseous state 
are essentially covalent. In aqueous solutions, however, they 
ionise and act as acids. HF is only slightly ionised but HCl, HBr 
and HI are almost completely ionised, ie., the relative strength 
increases from HF to HI. HF is the weak^t acid and HI is 
the strongest acid. On the basis of electronegativity, this 
appears to be rather surprising. [The electronegativity difference 
“suggests that HF should be strongest and HI should be weakest 
acid.] The increase in strength is reflected from the dissociation 
constant values, , of these hydrogen halides. 

HF HCl HBr HI 

Ka 7 X 10”^ 7 X 10^ 7 X 10^® -7 x 10^^ 

The anomalous behaviour is explained with the help of 
Born-Haber cycle. The various factors which determine the 
strengths of the acids in aqueous medium can be represented 
in the form of Bom-Haber cycle, as shown below: 
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KXiaq.)- 


Acid strength 

Heat of ionisation 
(A/) 


(aq.) ■¥ X (aq.) 


^ ] 
H(g) 

Ionisation 
I energy (Affa) 


Heat of dehydration 

Wg) 

1 Heat of dksociation 




Electron affinity 
(AH4) 


Heat of hydration (AH5) 


Heat of 
hydration 


(A/ffi) 


Summation of all energy terms will be equal to M 
AI = Mil + AH2 + - AH^ - (AH5 + A^e) 

The values of M for various halogen acids as calculated are 
given below: 

A/(kJmorb -12 -59 -63 -57 

The larger the negative value AI, the greater is the 
feasibility of ionisation reaction and hence the greater is 
the strength of the halogen acid. 

The value of HP is small compared to other acids, hence HF 
is the weakest acid. The values also explain the gradual 
increasing strength of HCl and HBr but fail to explain the 
strength of HI. This discrepency is explained on the basis of 
entropy changes (AS) accompanying the process of ionisation. 

The lower strength of HF is largely due to its high bond 
dissociation energy as the bond length is very small (1.01 A). 

(v) Reducing nature: The reducing nature increases 
from HF to HI as the stability decreases from HF to HI. HF 
does not show reducing nature. It cannot be oxidised even by 
strong oxidising agents. HI is the strongest reducing agent. Its 
aqueous solution gets oxidised even by atmospheric oxygen. 

4HI + 02->2H20 + 2l2 

The reducing action can also be explained on the basis of 
increasing size of the halide ions from F~ to F. The bigger ion 
can lose electron easily. 

HCl can be oxidised by strong oxidising agents like Mn02, 
KMn04, K2Cr207, Pb02, Pb304, etc. (see reactions in 
section 12.4). 

HBr acts stronger reducing agent than HCl. It can be oxidised 
by H2SO4 and atmospheric oxygen. 

H2SO4 + 2HBr-> SO2 + Br2 + 2H2O 

4HBr + O2-> 2H2O + 2Br2 

HI is the strongest reducing agent. 

It reduces H2SO4 to SO2, S and H2S, nitric acid to NO2, 
nitrous acid to NO, FeCla to FeCl2, cupric salt to cuprous salt, 
etc. 

H2SO4 + 2HI-> SO2 + I2 + 2H2O 


H2SO4 + 6HI- 

s + 3I2 -1- 4H2O 

H2SO4 + SHI - 

H2S + 412 + 4H2O 

2HNO3 + 2 HI - 

—^ 2NO2 + 2H2O + 12 

2HNO2 + 2 HI - 

-Ht 2 NO + 2H2O + I2 

2 FeCl 3 + 2 HI - 

2 FeCl 2 + 12 + 2 HC 1 

2CUSO4 -1- 4 HI - 

CU2I2 + 2H2SO4 + I2 

K2S208-h2HI- 

Potassium peroxy- 
disulphate 

-+ K2SO4 + H2SO4 + I2 


(vi) Precipitation reactions: HCl forms insoluble 
chlorides with the soluble salts of Ag, Pb and Hg(ous). 

AgN03^+ HCl =^ A^l + HNOj__ 

(White) 

Pb(N03)2 + 2 HC 1 -> PbCl2 + 2HNO3 

(White) 

_Hg2(NQ3)2-F2HCl=^FHg2Cl2J-J2HNQ3__ 

(White) 

AgCl is insoluble in HNO3 but soluble in NH4OH. PbCl2 is 
soluble in hot water while Hg2Cl2 is soluble in aqua-regia. 

HBr reacts with soluble salts of Ag and Pb. 

AgN03 + HBr- > AgBr + HNO3 

(Pale yellow) 

Pb(N03)2 + 2HBr-> PbBr2 + 2HNO3 

(White) 

AgBr is insoluble in HNO3 but sparingly soluble in 
NH4OH. PbBr2 is soluble in hot water. 

HI forms insoluble iodides with the salts of Ag, Pb and 
Hg (ic). 

AgN03 + HI-> Agl + HNO3 

(Yellow) 

Pb(CH3COO)2 -I- 2HI-> Pbl2 -1- 2CH3COOH 

(Yellow) 

HgCla + 2 HI-> Hgl2 + 2 HC 1 

(Scarlet) 

Agl is insoluble in HNO3 and NH4OH. Pbl2 is soluble in hot 
water. 

(vii) Action of halogens: F2 can displace CI2, Br2 and 
I2 from HCl, HBr and HI. 

2HCI + F2-> 2HF + CI2 

2HBr + F2 —^ 2HF + Br2 
2HI + F2-^ 2HF-1-I2 

CI2 can displace Br2 and I2 from HBr and HI and Br2 can 
displace only I2 from HI. Iodine can displace none. 

(viii) Reaction with ammonia; HCl, HBr and HI 
combine with anunonia giving white fumes of ammonium 
halides. 

NH3 + HCl-> NH4CI (Ammonium chloride) 

NH3 + HBr- > NH4Br (Ammonium bromide) 

NH3 -I- HI-> NH4I (Ammonium iodide) 
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(ix) Acidic properties : All the three (HCl, HBr and HI) 
react with certain metals, their oxides, carbonates, hydroxides, 
etc,, and form salts. 

Mg + 2 HX —^ Mg X2+H2 

MgO + 2 HX-> MgX2 + H2O 

CaCOa + 2 HX-> CaX2 + H2O + CO2 

NaHCOs + HX-> NaX + H2O + CO2 . 

NaOH + HX-> NaX + H2O 

[HX = HCl, HBr or HI] 

(x) Action of salts : HCl, HBr or HI decompose the salts 
of weaker acids. 

Na2S + 2 HX-> 2 NaX + H2S 

ea3P^+ 6HX=-¥ SCa-Xj + 2PH3 ^ 

Na2S03+ 2 HX-> 2 NaX + H2O + SO2 

2 NaN 02 + 2 HX-> 2 NaX + NO + NO2 + H2O 

Na2S203 + 2 HX —^ 2 NaX + SO2 + S + H2O 

Abnormal Properties of Hydrofluoric Acid 

Hydrofluoric acid differs from other halogen acids in the 
following respects: 

(i) Anhydrous hydrogen fluoride is a liquid at ordinary 
temperature while other hdogen acids are gases. This is due 
to strong hydrogen bonding in hydrogen fluoride. 

(ii) It is very stable. It does not dissociate on heating while 
other halogen acids dissociate at definite temperatures. 

HCl HBr HI 

Dissociation temp, f C) 1500 800 180 

It is due to decrease in the electronegativity and bond 
energy. 

(iii) It exists as associated molecule, H2F2, even in gaseous 
state. It forms two series of salts, Le., KHF2, K2F2. Other 
halogen acids have molecular formula, H X and form one series 
of salts. 

HCl; Chlorides, e.g.. NaCl, AgCl, FeCla, BaCla, etc. 

HBr; Bromides, e.g., NaBr, AgBr, FeBr3, BaBr2, etc. 

HI; Iodides, eg., Nal, Agl, Fel3, Bal2, etc. 

(iv) It is a weak acid but is extremely stable. It is not 
oxidised by strong oxidising agents. On the other hand all other 
halogen acids are oxidised. 

(v) Hydrofluoric acid is highly poisonous and has a very 
high corrosive action on skin. 

(vi) Unlike other halogen acids, hydrofluoric acid attacks 
silica and glass. Wth silica, it forms silicon tetrafluoride and 
hydrofluosilicic acid. 

Si 02 + 2H2F2 “—> SiF 4 -H 2H2O 
SiF 4 + H2F2-> HaSiF^ 

Hydrofluosilicic acid 

Glass being a mixture of sodium and calcium silicates reacts 
with hydrofluoric acid forming sodium and calcium fluro- 
silicates respectively. 

Na 2 Si 03 + 3H2F2^-> Na2SiF6 + 3 H 2 O 

CaSi03 + 3H2F2-> CaSiFa + 3H2O 


The etching of glass is based on these reactions. 

(vii) When hydrofluoric acid is heated with a mixture of 
MnOa and H2SO4, no gas is evolved. On the other hand, in 
case of HCl, HBr and HI acids, CI2 (yellowish green), Br2 
(reddish brown) and I2 (violet) gases are evolved. 

Mn02 + H2SO4-> MnS 04 + H2O + O 

2 HX + O-> H2O + X2 

HZ = HCl, HBr or HI Z2 = CI2, Bra or I2 

(viii) With AgN03 solution, hydrofluoric acid gives no 
precipitate since AgF is formed which is soluble in water. On 
the other hand, HCl, HBr and HI give the precipitates of AgCl, 
AgBr and Agl respectively. 

(ixX .Ixad acetate d^ not fom any preci pitate with 
hydrofluoric acid while other halogen acids form precipitates 
of PbCla (white), PbBra (white) and Pbla (yellow) respectively. 

(x) With barium chloride solution, H2F2 forms a white 
precipitate of BaFa while other halogen acids do not form any 
precipitate ^in0e^Ba:^ (Z^^=r^ ^dri[) OTe-solubIe— 

H2F2 + BaCla-> BaF2 + 2 HC 1 

(White ppt.) 

Same thing happens with the solutions of calcium chloride 
and strontium chloride as CaF2 and SrF2 are also insoluble. 

Uses of halogen acids 

(i) Hydrofluoric add is used: ^ 

(a) in the etching of glass. 

(b) in the manufacture of fluorine. 

(c) for removing silica from artificial graphite and other 
castings. 

(d) as an antiseptic in brewing industries. 

(e) for making fluorides. NaF is used as an insecticide. 

AIF3 is used in the extraction of aluminium. Fluorides of 

alkaU metals and antimony are used as mordants in dyeing 
industry. UFg is used for separation of isotope by diffasion 
method, 

(ii) Hydrochloric acid is used : 

(a) in the preparation of chlorine, chlorides and aqua-regia. 

(b) as a laboratory reagent. 

(c) for cleaning iron sheets during tin plating and galvani- 
sation. 

(d) for extraction of glue from animal tissues and bones. 

(e) in medicines. 

(iii) Hydrobromic acid is used: 

(a) as a laboratory reagent for preparing bromo derivatives 
of unsaturated organic compounds. 

(b) for making NaBr and KBr which are used as sedatives. 

(c) for making AgBr used in photography. 

(iv) Hydroiodic acid is used : 

(a) as a reducing agent in organic chemistry. 

(b) for making KI which is used in medicines. 

(c) for making Agl which is used in photography. 
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COMPARISON OF HALOGEN ACIDS (HF, HCI, HBr and HI) 


*No. 

Property 

HF 

HCI 

HBr 

HI 

1 . 

Physical state at ordinary 
temperature 

Liquid 

Gas 

Gas 

Gas 

2 . 

Colour 

Colourless 

Colourless 

Colourless 

Colourless 

3. 

Smell 

Choking 

Choking 

Irritating 

Irritating 

4 

Stability 

Stable 

Stable 

Less stable than HCI 

Much less stable 

S. 

Strength of the acid 

A weak acid 

Gaseous HCI is not acidic 

Greater than HCI 

Strongest . 



(Weakest) 

but aqueous solution is 
highly acidic 



6 . 

Reducing nature 

No reducing nature 

Acts as a reducing agent 

Stronger reducing agent 

Strongest reducing agent 




and is oxidised to CI 2 

than HCI and is oxidised to 
Br 2 

of all the halogen acids 


- Action of M 11 O 2 and 

No gas is evolved- 

Chlorine is evolved——- 

^rnmine-gas-is-evolv^- 

Iodine (violet) vapours^- 

- 

H 2 SO 4 



Turns starch paper yellow 

are evolved. Turns starch 
paper ^violet 

8 . 

Action with AgN 03 

No precipitate 

White precipitate, soluble 

Pale yellow precipitate 

Yellow precipitate, 


solution 


in NH 4 OH 

sparingly soluble in NH 4 OH 

insoluble in NH 4 OH 

9, 

Action of lead acetate 

No precipitate 

WMte Drecioitate dissolvesi JMiite orecMtate dissolves— 

Yellow^iedpitate 


solution 


in hot water 

in hot water 

dissolves in hot water 

10 . 

Action of X 2 

— 

CI 2 is liberated only by F 2 

Br 2 is liberated by F 2 and 

I 2 is liberated by F 2 , CI 2 





CI 2 

and Br 2 

11 . 

Confirmation test 

1 With silica forms Sip 4 

Chromyl chloride 

The aqueous solution on 

The aqueous solution on 



which on hydrolysis 


treatment with chlorine 

treatment with chlorine 



gives white deposit 


water in presence of 

water in presence of 





chloroform gives brown 

chloroform gives violet 





colouration 

colouration 


12.81 OXIDES OF CHLORINE 

Chlorine forms a number of oxides such as CI2O, CIO2, CI2O6 
and CI2O7. All of them are unstable and highly reactive. 

(i) Dkhloro oxide, CI2O: It is prepared by passing dry 
chlorine over freshly precipitated yellow mercuric oxide. 

HgG + 2Cl2{dry)-> HgCl2 + CI2O 

It is a brownish yellow gas which condenses to an orange 
coloured liquid in a freezing mixture (b. pt. = 2 °C). It has 
characteristic penetrating odour. Liquid CI2O explodes readily 
on heating or sparking forming CI2 and O2. It also undergoes 
photochemical decomposition. 

2CI2O —2CI2 + O2 

It dissolves in water giving golden yellow solution of hypo- 
chlorous acid, HCIO. It is thus anhydride of hypochlorous 
acid. 

a20 + H20;;=^2HC10 

Its gaseous mixture with ammonia explodes violently. 

3CI2O -I- IPNH3 - > 2N2 + 6NH4CI -I- 3H2O 

It is a strong oxidising agent. It oxidises HCI to CI2. 

CI2O + 2 HC 1 -> 202 + H2O 

CI2O has V-shaped structure. The oxygen atom undergoes 
sp^ hybridization. The Cl—O—Cl bond angle is 110 . 9 °. 



(11) Chlorine dioxide, CIO2 : Pure CIO2 is obtained by 
passing dry CI2 over AgC103 heated to 90 °C. 

2 AgC 103 4 - Cl2{dry) ——> 2 AgCl ■+ 2CIO2 O2 
It can also be obtained by the action of CI2 on sodium 
chlorite. 

2NaC102 + CI2-^ 2 NaCl + 2CIO2 

It can be condensed by cooling to a coloured liquid (b.pt. 
11 °C). The gas explodes and is decorhposed to CI2 and O2 by 
an electric spark. It dissolves in water giving a mixture of 
chlorous acid and chloric acid. 

2CIO2 -t- H2O-> HCIO2 + HCIO3 

With alkalies, it gives a mixture of chlorite and chlorate. 

2CIO2 + 2 K 0 H —> KCIO2 + KCIO3 + H2O 
It is a powerful oxidising and bleaching agent. 

It has an angular structure with O—Cl—O bond angle of 
117 . 6 °C. The molecule is supposed to contain a three electron 
bond. Its structure is believed to be a resonance hybrid of the 
following two structures: 


X k 



The structure arises from sp d hybridizadon of CTatom. 
The molecule is paramagnetic due to tb v presence of three 
electron bond. 
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(Hi) Dichlorine hexoxide, CI2O6 : It is obtained by 
mixing chlorine dioxide with ozonised air at 0 °C. 

2CIO2 + 2O3-> CI2O6 + 2O2 

It is a dark red liquid. It is unstable and decomposed into 
CIO2 and O2. It is a strong oxidising agent. It reacts with water 
forming chloric and perchloric acids. 

CI2O6 + H2O-> HCIO3 + HCIO4 

It reacts with alkalies to give chlorates and perchlorates. 

CI2O6 + 2 KOH-> KCIO3 + KCIO4 + H2O 

With HF, it gives HCIO4 and chloryl fluoride. 

CI2O6 + HF-> HCIO4 + CIO2F 

In the va pour state it exists as CIO 3 molecule wh ich has odd 
number of electrons and hence paramagnetic while in liquid 
state it is in dimeric form having even number of electrons and 
hence diamagnetic in nature. 

2CIO3 CI2O6 

The exact structure is unknown. However, the following 
Structure containing Cl—Cl linkage is proposed in which each 
chlorine is sp hybridized. 


\ 

0 =C 1 - 


/ 


0 

=0 

o 


The molecule is diamagnetic and has no unpaired electron. 

(iv) Chlorine heptoxide, CI2O7 : It is formed by 
dehydration of perchloric acid with P2O5 at - 10 °C. 

2HCIO4 ) Cl207 + H2O 

It is a colourless oily liquid which is explosive in nature. It 
slowly reacts with water forming perchloric acid. It is, thus, 
anhydride of perchloric acid. 

CI2O7 + H2O-> 2Ha04 

It is less reactive in comparison to lower oxides of chlorine. 
CI2O7 has the structure O3CI—O—CIO3 in which two 
tetrahedral are sharing one 0-atom. 



OXY-ACIDS OF CHLORINE 
R (A) Hypochlorous Acid, HCIO 

The acid is known only in solution. It is obtained by shaking 
precipitated HgO with chlorine water. 

2 HgO + 2CI2 + H2O-> Hg 20 Cl 2 + 2 HC 10 

Oxychloride 
of mercury 


Commercially, it is obtained by passing CO2 through 
suspension of bleaching powder and then distilling. 

2CaOCl2 + H2O + CO2-> CaCl2 + CaC03 + 2HC10 

It is a weak acid. Its concentrated solution is yellow in 
colour while dilute solution is colourless. It is unstable and- 
decomposes. 

2 HaO-> 2HC1 + O2 

It dissolves magnesium with evolution of hydrogen. 

Mg + 2 HC 10 -> Mg(C 10)2 + H2 

\\^th alkalies, it forms salts called hypochlorites. 

It acts as a powerful oxidising and bleaching agent. This is 
due to release of nascent oxygen easily. 

^FKlO ^-4 H<^ O 

CIO” ion has linear shape. Linear shape resufts from sp^ 
hybridization of Cl-atom. 

Bleaching powder, Ca0Cl2'H20 

Bleaching powder is also called calcium chlorohypochlorite 
because it is considered as a mixed salt of hydrochloric acid 
and hypochlorous acid. It is represented as: 

Ca<f (Odling formula) 

^OCl 

It is manufactured by the action of chlorine on dry slaked 
hme, Ca( 0 H) 2 , at 40 °C. 

Ca( 0 H )2 + CI2-> Ca(OCl)Cl + H2O 

This is the Odling view about its formation. There is another 
view proposed by Clifford according to which bleaching 
powder is a mixture of calcium hypochlorite and basic calcium 
chloride. 

2Ca(OH)2 + 2CI2-> Ca(0Cl)2 + CaCl2 + 2H2O 

CaCl2 + Ca(0H)2+H20-> CaCl2 Ca(0H)2H20 

2CI2 + 3 Ca(OH )2 -> Ca( 0 Cl )2 + CaCl 2 Ca( 0 H) 2 H 20 + H2O 

Bleaching powder 

The manufacture of bleaching powder is carried out in any 
one of the following plants: 

(i) Hasenclever’s plant (Old process), 

(ii) Beckmann’s plant (Modem process). 

(i) Hasenclever’s plant : It consists of a number of 
cast-iron horizontal cylinders, each provided with a rotating 
shaft fitted with blades and arranged as shown in Fig. 12 . 10 . 

The dry slaked lime is introduced through the hopper in 
the uppermost cylinder. It is pushed onwards with the help of 
the blades when the shaft rotates. A stream of chlorine is 
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Rotating shaft 
with blades 


Waste 
gases Lime 



Chlorine 


Bleaching 

powder 


Fig. 12.10 


admitted from the bottom and passes upwards. The chlorine 
is completely absorbed by the time tiU it reaches the top cylinder. 
Bleaching powder is collected in a barrel placed below an outlet 
in the lowermost cylinder while the waste gases escape from 
the top. 

(ii) Beckmaiin^s plant (Modern process): It consists 
of a vertical cast-iron tower. The tower is provided ’with a 
hopper at the top, two inlets near the base (one for chlorine and 
other for hot air) and an exit for waste gases near the top 
(Fig. 12 . 11 ). 

Slaked lime and 
compressed air 

gfll ^ Chlorinating 
j tower 


Waste t -TT ^ 

chlorine-^ 


. ^ ^ .. 

V JsiA ■ } 


Rotating 
' rakes 


> Shelves 


■ Chlorine 


Bleaching 
' powder 


Fig. 12.11 

The tower is fitted with eight shelves at different heights 
each equipped with rotating rakes. The slaked lime is introduced 
through the hopper and it comes in contact with chlorine 


which slowly moves upwards. Bleaching powder is collected 
in a barrel at the base. 

The chlorine used in the manufacture of bleaching powder 
should be dilute and the temperature should be m ain tained 
below 40 °C. 

Properties 

(a) It is a pale yellow powder. It has a strong smell of 
chlorine. It is soluble in water but a clear solution is never 
formed due to the presence of impurities. 

(b) On long standing, it undergoes auto-oxidation into calcium 
chlorate and calcium chloride. 

6CaOCl2 —> Ca(d03)2 + 5 CaCl 2 

(c) In presence of cobalt chloride, C0CI2, it loses its 
oxygen. 

C0CI2 

4^...J 2 GaaCL 2 ^=I^J 2 CaCl 2 - 4 .,j 02 —._ 

(d) In presence of a slight amount of a dilute acid, it loses 
• oxygen. 

2CaOCl2 -I- H 2 SO 4 -> CaCl 2 - 1 - CaS04 + 2Hc" 

HQO-> HCl + O 

On account of the formation of nascent oxygen, it shows 
oxidising and bleaching properties. 

(i) Oxidising properties: 


CaOCl2 -I- H2S-^ CaCl2 + H2O + S 

CaOCl 2 -I- 2FeS04 + H 2 SO 4 -> Fe2(S04)3 + CaCl 2 + H 2 O 

CaOCl2 + KNO2 —CaCl2 + KNO3 
3CaOa2 + 2NH3 —^ 3CaCl2 + 3H2O + N2 
CaOCl2 + 2 KI -I- 2 HC 1 -^ CaCl2 -1- 2 KC 1 + H2O + I2 

Na3As03 -I- CaOCl2- > GaCl2 + Na3As04 

(ii) Bleaching action : 

Coloured matter + [O]- > Colourless product 

(e) It loses its chlorine by the action of dilute acids (in 
excess) or carbon dioxide, 

CaOCl2 + 2 HC 1 -> CaCl2 + H2O + CI2 

CaOCl2 + H2SO4-^ CaS04 + H2O + CI2 

CaOCl2 + CO2-> CaCOs + CI2 

The amount of chlorine obtained from a sample of 
bleaching powder by treatment with excess of dilute acids 
or carbon dioxide is called available chlorine. A good sample 
of bleaching powder contains 35 - 38 % of available chlorine. 

(f) Bleaching powder converts acetone or ethyl alcohol into 
chloroform. 


CaOCl2 + H2O 


CO + 3CI2 


■ Ca(OH)2 + CI2 
CCl3\ 

>CO + 3 HC 1 


CH3^ 

CH3" 

CCl3\ 

CHsCOOn 

"Xio + Ca(OH)2- 

—> 

CH3^ 

CH3C00^ 

Calcium acetate 


:a + 2CHCI3 

Chloroform 
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Uses of Bleaching Powder 

It is used (i) as a disinfectant and germicide especially in the 
sterilisation of drinking water, (ii) for manufacture of 
chloroform, (iii) for making wool unshrinkable, (iv) as an 
oxidising agent in industry, (v) mainly as bleaching agent for 
cotton, linen and wood pulp. However, delicate articles like 
straw, silk, ivory, etc.,^ are not bleached by bleaching powder. 

Estimation of available chlorine 

The maximum percentage of available chlorine as calculated 
from Odling’s formula comes to 49 %. 

Ca0Cl2 H20 + H2SO4-> CaS04 + 2H2O + CI2 

. M". mass ... . . ' ‘ 71 

145 g of bleaching powder contains = 71 g chlorine 

71 

100 g “ " " ” = X 100 

= 49 g chlorine 

IThe estimation of a^labl¥^hlbnne~ m^¥^iy^^ of 
bleaching powder is done volumetrically by " 

(i) lodometric method or (ii) Ai^enite method. 

lodometric method : A weighed quantity of bleaching 
powder is suspended in water and treated with excess of. 
acetic acid and potassium iodide. The liberated iodine is 
estimated by treating with a standard solution of sodium 
thiosulphate using starch as an indicator. 

CaOCl2 + 2CH3COOH {CH3COO)2Ca + CI2 + H2O 

2KI + CI2-> 2 KCl + l2 

2Na2S203 + I2-> 2 NaI + Na2S405 

Let V mL of ^ Na2S203 be used for W g of a sample of 
bleaching powder. 

V mL ^ Na2S203 = V- mL ^ Iodine 
= V mL — Chlorine 

X 

355 V 

= Chlorine 

Thus, % of available chlorine 

^ 35 ixVxl 00 _ 355 xV 
xxlOOOxW “ xxW 

The percentage of available chlorine in the commercial 
samples of bleaching powder is usually between 33 - 38 %. The 
low value is due to the following factors: 

(i) Incomplete reaction between slaked lime and chlorine 
during its formation. 

(ii) Impurities present in the original slaked lime used for the 
manufacture. 

(iii) Decomposition of bleaching powder when kept in air. 

B (B) Chlorous Acid, HCIO 2 

It is obtained in aqueous solution when bariiun chlorite 
c suspension in water is treated with H2SO4. The insoluble barium 
sulphate is filtered off. 


Ba(C 102)2 + H2SO4-> BaS04 + 2HCIO2 

The freshly prepared solution is colourless but it soon 
decomposes to CIO2 which makes the solution yellow. 

5HCIO2-> 4CIO2 + HCl + 2H2O 

The acid undergoes auto-oxidation. 

2 Ha 02 HCIO + HCIO3 
The acid liberates iodine from KI, 

4 KI + HCIO2 + 2H2O-^ 4 KOH + HCl + 2I2 

Chlorite ion, CIO2, has angular shape. This shape is due to 
sp^ hybridization of Cl-atom. 


xxx 



m (C) Chloric Acid, HCIO3 

This acid is only known in solution. The acid is prepared by 
the action of dilute H2SO4 on barium chlorate. 

Ba(C103)2 + H2S64 -> BaS04 -H 2HCIO3 

, BaS04 is filtered off. 

Concentrated acid is colourless apd pungent smelling liquid. 
It decomposes in light. However, it is stable in dark. It acts as 
a strong oxidising and bleaching agent in light. Organic 
substances like paper, cotton, wool, etc., catch fire in contact 
with the acid. 

Chlorate ion, QO3, has pyramidal shape. The shape results 
due to sp^ hybridization of Cl-atom. 



^ (D) Potassium Chlorate, KCIO3 

Potassium chlorate is the salt of chloric acid, HCIO3. HCIO3 
is known only in solution but its salts are quite stable in free 
state under ordinary conditions. 

Potassium chlorate is formed in laboratory by passing chlorine 
gas through hot and concentrated solution of potassium 
hydroxide. 

6 KOH - 1 - 3CI2-^ 5 KC 1 + KCIO3 -I- 3H2O 

When the solution is cooled, crystals of KCIO3 are obtained. 

Manufacture 

(i) Old process: This process involves chlorination of 
lime with the formation of calcium chlorate. 

6Ca(OH)2 + 6CI2-> Ca(C103)2 + 5CaCl2 -t- 6H2O 
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(x) Structures . 


Molecule Bond pairs 


Lone paii^ 


Total number of electron 
pairs around 


AB 1 3 4 

(CIF, BrR BtCI, 

ICl, IBr) 


- ^3 -. ” 2^ ... . 5 ' 

(CIF3, BrFs, 

ICI3) 


ABs 

(BrF 5 , IF 5 ) 


5 1 


6 


ABj 7 0 7 . 

(IF7) 


Hybridised state of 
i^nM atom 


Geometry and 
actual shape 


$p 


sp^d 


sp^d^ 


Tetrahedral (Linear) 



(T-shaped) 

B 




Octahedral 
(Square pyramidal) 


sp^d^ 



Pentagonal 

bipyramidal 

B 



12.tl POLYHALIDES 

... 

Halide ions often react with molecules of halogens or interhalogen 
and form polyhaMde ions. Iodine is only slightly soluble in 
water. Its solubility is greatly increa^d if some iodide ions are 
present in the solution. The increase in solubility is due to 
formation of a polyhalide ion, I3. 

r + l 2 - >13 

This ion is stable in aqueous solution and in ionic crystals. 
More complex ions such as I5, I7 and I9 have also been 
prepared. The BrJ and CI3 ions are much less stable than 

13^* 

Many polyhalides are known which contain two or three 
different halogens, for example K[ICl2], KIICI4], Cs[IBrF] and 
K[EBrCl]. These are formed from interhalogens and metal 
haliifcs. 


ICl + KCl->K[ICl2] 

ICI3 + KCl-^ KPCI4] 

ICl + KBr-> KmrO] 

Polyhalides are typical ionic compounds (crystalline, stable 
and soluble in water, conduct electricity when in solution) 
though they tend to decompose on heating. The products of 
decomposition are governed by the lattice energy of the products. 
The lattice energy of the alkali metal halides is higher for the 
smaller halide ions, so the smaller halogen remain bonded to 
the metal, 

Rbpcy RbCl + ICl 
K[BrICl] KCl + IBr 

Cs[l3]—>CsI + l2 

All polyhalides are coloured. The bromo iodides are red and 
chlorobromides are yellow, i.e., the depth of the colour increases 
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with increase of atomic number of the halogen atoms present. 
Trihalide anions like ICI2,13, [IBrCl]“ have symmetrical linear 
shape. This shape results from sp^d hybridization of central 
atom. Similarly the structures of the pentahalide ions [04]“ 
and [BrF4] are square planar. This shape results from sp d 
hybridization of central atom. 



Cl 

1 


rci\ 

/Cl 



• T* 

• 1 ♦ 

•1 



ViX 



1 

Cl 


c/ 

1 

u 



Structure of ICI2 Sttucture of ICI4 


BASIC PROPERTIES OF IODINE 

In general, metallic or basic properties in halogens increase on 
moving down the group. Iodine shows iriaximum basic 
properties in halogen family elements although it is nofa metal. 
The compounds in which iodine functions as cationic constituent 
are numerous and well established. Some examples are given 
below: 

Compounds containing unipositive iodine (I’*’) 

ICl, IBr, INO3, [I(py)2]N03, [I(py)2]Cl04, I2SO4 
Compounds containing tripositive iodine (I^) 

I(C104)3, I(CH3C00)3, IPO4, I(N03)3, ICI3 

12.1^ PSEUDOHALIDES AND 

" PSEUDOHALOGENS ¥ 

A few ions are known, consisting of two or more electro- 
negative atoms of which at least one is nitrogen, that have 
properties similar to those of halide ions. These ions are called 
pseudohalide ions. Pseudohalide ions are univalent and these 
form salts resembling halide salts. For example, sodium salts 


are soluble in water but the silver salts are insoluble. The 
hydrogen compounds are acids like the halogen acids, HZ, 
The pseudohalide ions are: 


Cyanide ion (CNT 
Cyanate ion (OCN~) 
Thiocyanate ion (SCN^ 
Selenocyanate ion (SeCN”) 
Azide ion (N 3 ) 


Isocyanide ion (NC^ 
Fulminate ion (ONCT) 
Isothiocyanate ion (NCS”) 
Tellurocyanate ion (TeCN") 
Azido carbon disulphide ion 
(SCSN3I 


The salts formed by above ions are called pseudohalides. 

As the dimers of halide ions are called halogens, the covalent 
dimers of the pseudohalide ions are called pseudohalogens or 
halogenoids. So far t)nly few of pseudohalogens have-beaBr 
isolated and characterised. The pseudohalogens known are: 

Cymiogen (CN )2 ; Oxycyanogen (OCN )2 

Thiocyanogen (SCN )2 ‘ ; Selenocyanogen (SeCN )2 

Tellurocyanogen (TeCN )2 ; Azido carbon disulphide 
■ (SCSN3)2 

The best known pseudohalide is CIST. This resembles 
Cr, Br" and 1 “ in the following respects: 

(i) It forms an acid, HCN. 

(ii) It can be oxidised to (CN)2 molecule. 

(iii) It forms insoluble salts with Ag“^, and 

(iv) It forms large number of complexes similar to halide 
complexes, e.g., 

[Cu(CN) 4]^“ and [CuC^f", [Co(CN)6]^ and [CoClg]^^ 


(v) Inter-pseudohalogen compounds CICN, BrCN and ICN 
can be formed. 

(vi) AgCN is insoluble in water but soluble in ammonia like 

AgQ. 

(vii) HCN is oxidised like HCl. 


MnOa + 4 HCN —^ Mn(CN)2 + (CN)2 + 2H2O 
Mn 02 + 4 HC 1 -> MnCl2 + CI2 + 2H2O 



Example 1. Which of the halogens (F, Cl, Br or I) provides 
an example of ? 

(a) the weakest acid, HX, 

(b) the largest atom, 

(c) the smallest ionisation potential, 

(d) the strongest oxidising agent, 

{e) the highest electron affinity, 

if) the highest electronegativity, 

ig) liquid state under ordinary conditions. 

Solution: 

(a) The weakest acid is HF. Thus, fluorine forms the weakest 
acid. 

(b) The largest atom is of iodine. 


(c) The smallest ionisation potential is of iodine. 

(d) The strongest oxidising agent is fluorine. 

(e) The highest electron affinity is of chlorine. 

(f) Fluorine has the highest electronegativity. 

(g) Bromine is in liquid state under ordinary conditions. 

Example 2 . Arrange the halogen hydrides in the increasing 
order of: 

(0 dipole moment, (ii) reducing power, (iii) thermal stability, 
(iv) bond length, (v) ionic character. 

Solution : 

(i) HI < HBr < HCl < HF (Increasing dipole moment) 

(ii) HF < HCl < HBr < HI (Increasing reducing nature) 
(Hi) HI < HBr < HCl < HF (Increasing thermal stability) 
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(iv) HF < HCl < HBr < HI (Increasing bond length) 

(v) HI < HBr < HCl < HF (Increasing ionic character) 

Example 3* Give relevant chemical equations for the 
preparation of: 

(0 Chlorine from sodium chloride, 

{ii) Iodine from Kelp, 

(iU) Hydrobromic acid from potassium bromide, 

(iv) Bleaching powder from slaked lime, 

(v) KClO^from sodium chloride. 

Solution: 

(i) Chlorine is obtained from sodium chloride by canying 


the electrolysis of its aqueous solution. 


- . . . . 

.. Naa 

■Na+'+cr 


H 2 O ^ 

iT + OH 

At Cathode : 

H+ + g--> 

H 


2H-> 

H2t 

At Anode : 

cr -=—4 

Ci + e 


2 a —> 

Cl2t 


(ii) The ash of sea-weeds (Kelp) is extracted with water, the 
sulphates and chlorides of Na and K present in it are removed 
by crystallisation. The mother liquor is now heated with Mn02 
and cone. H2SO4. The iodine vapours are collected in earthen 
jars. 

2NaI -f 3H2SO4 + Mn02-> 2NaHS04+MnS04+2H20+12 

(iii) HBr is prepared by heating KBr with cone, phosphoric 
acid. 

3 KBr 4" H3PO4-> K3K)4 4* 3 HBr 

(iv) Slaked lime is treated with chlorine gas by slowly moving 
forward dry slaked lime in a series of shelves provided with 
rotating rakes. 

Ca(OH)2 + CI2-> Ca0Cl2 H20 

(v) Sodium chlorate is first obtained by carrying el^trolysis 
of hot concentrated solution of sodium chloride in an electrolytic 
cell. 

NaO . ^ H2 + CI 2 

Solution Cathode Anode 

Na'*' + OH”-> NaOH 

CI2 reacts with NaOH forming NaC103. 

6NaOH + 3CI2-> 5NaCl 4- NaClOs + 3H2O 

KCl is added to form sparingly soluble KCIO3. 

NaClOs + KCl-^ KCIO3 + NaCl 

Example 4, A liquid A is treated with Nd^CO^ solution, 
A mixture of two salts B and C are produced in the solution. 
The mixture on acidification with sulphuric acid and distillation 
produces the liquid A again. Identify A, B and C and write the 
equations involved, 

Solution : 

The hquid A is bromine which on treatment with sodium 
carbonate forms a mixture of NaBr and NaBr03 (sodium 
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bromate). The mixture with cone. H2SO4 on distillation gives 
the liquid bromine again. 

3 Br2 4- 3Na2C03 - > 5NaBr 4 * NaBr03 4 - 3CO2 

5NaBr + NaBrOs + 3H2SO4-> 3Na2S04 4- 3Br2 + 3H2O 

Example 5, Gradual addition of KI solution to Bi{NOf)^ 
solution initially produces a dark brown precipitate which 
dissolves in excess of KI to give a clear yellow solution. Write 
chemical equations for the above reactions. [LLT. 1996] 
Solution : 

Bi(N03)3 undergoes hydrolysis. Nitric acid is formed. HNO3 
oxidises KI, Le., I2 (brown ppt.) is formed. The precipitatal 
iodine-dissolves in excess ofrKl and forms a yellow coloured— 
solution of KI3. 

Bi(N03)3 + H2O’-^ Bi(0H)(N03)2 4- HNO3 

6KI + 8HNO3-> 6KNO3 + 2NO + 3I2 + 4H2O 

Brown ppt _ 

K1 + I2—> KI3 

Yellow sola. 

Example 6 . An inorganic compound (X) gives a brick red 
flame on petforming flame test. This compound gives the 
following tests also, 

(a) Smells of chlorine when placed in moist air. 

{b) If KI and CH^COOH are added to the suspension in 
water, a brown colour is obtained. 

Identify (X) and write down equations for reactions at steps 

(a) and {b). 

Solution: 

Compound (X) gives a brick red flame in flame test. Thus, 
it is a calcium compound. It smells of chlorine on exposure 
suggests that it is bleaching powder. It is confirmed by reaction 

(b) . 

(a) 6CaOCl2-^ 5CaCl2 + Ca(C103)2 

CaOCl2 4- CO2-^ CaC03 4- CI2 

(b) CaOCl2 + 2CH3COOH-> (CH3COO)2Ca + H2O + CI2 

2KI + Cl2^-> 2KCI + I2 

Example 7 . Explain the following: 

(0 In the preparation of HI from KI, phosphoric acid is 
preferred to sulphuric acid. 

{ii) Boiling point of HCl is lower than HF. IS^l 

(iii) f—p bond in fluorine is weaker than Cl—Cl bond in 
chlorine. pVLLJiJL 19931 

{tv) Fluorine exhibits only oxidation state -1 while other 
halogens exhibit negative as well as positive oxidation states, 
(v) Bleaching powder loses its bleaching property when 
kept in an open bottle for a long time. 

Solution : 

(i) Besides acidic nature of sulphuric acid, it acts as an 
oxidising agent. H2SO4 oxidises HI (reducing agent) formed 
from KI into iodine. Thus, H3PO4 is preferred as it does not 
oxidise HI. 
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2 KI + 2H2SO4-> 2KHSO4 + 2 HI 

H2SO4 + 2 HI-> I2 + SO2 + 2H2O 

(ii) In HF, there is hydrogen bonding. It is, therefore, an 
associated liquid. No hydrogen bonding is present in HCl. Only 
van der Waals’ forces are present. This is the reason why 
boiling point of HCl is lower than HF. 

(iii) The dissociation energy of F—^F bond is lower than 
Cl—Cl bond. 

F—^F bond 38 kcal moF* 

Cl—Cl bond SVkcalmoF^ 

The low dissociation energy of fluorine is due to high inter- 
electronic repulsions between non-bonding electrons in the 2^- 
orbitals as the size of fluorine atom is small. As a result 
F—F bond is weaker than Cl—Cl bond. 

(iv) Fluorine is the most electronegative element. It shows 
only -1 oxidation state as it saturates its valency shell. It 
cannot show any positive oxidation state as J-orbitals are not 
present in valency shell while d-orbitals are present in rest of 
the halogens. 

(v) Bleaching action of bleaching powder is due to release 
of CI2 at the time of application. Chlorine is lost by bleaching 
powder on long standing in open by the following two processes. 

(a) CaOCl2 + C02(air)-> CaCOa + CI2 

(b) 6CaOCl2-> 5CaCl2 + Ca(C103)2 

Thus, CaCl2 and Ca(C103)2 do not release CI2 at the time 

of use. Hence, bleaching property is lost by bleaching powder 
on exposure for long time. 

Example 8. Fluorine does not form oxy-acids but other 
halogens do, why? 

Solution: 

In oxy-acids, the central element always exhibits positive 
oxidation states. Fluorine, being the most electronegative, never 
shows positive oxidation states, hence F does not form oxy- 
acids. 

Other halogens have the tendency to show positive oxidation 
states and hence form oxy-acids. 

Example 9* (a) Explain why CIF^ exists whereas FCl^ 
does not? 

(b) Both NO and CIO2 are odd electron species. NO dimerises 
but CIO2 does not Why? 

Solution : 

(a) CIF3 is known tecause chlorine can exhibit +3 oxidation 
state due to promotion of 3 p-electron to 3 d vacant orbital. 

Ground state chlorine 
atom 


Each of the three singly occupied orbitals overlap with p- 
orbital of each of the three fluorine atoms to form CIF3 (trigonal 
bipyramidal geometry, T-shaped molecule). 

No rf-orbitals are present in the valency shell of fluorine and 
thus excitation is not possible. Fluorine, therefore, does not 
exhibit positive oxidation state and so the formation of FCI3 is 
not possible. 

(b) In NO, the size of nitrogen atom is small and the odd 
electron is attracted by only one oxygen atom while in QO2, 
the size of chlorine atom is comparatively large and odd electron 
is attracted by two oxygen atoms. As a result, the odd electron 
on N in NO is localised while the odd electron on chlorine in 
GIO2 is delocalised. Thm, NO has a tendency to dimerise buF^ 
CIO2 d(^s not. 

Example 10. Assign appropriate reasons for each of the 
following statements. 

(a) More metal fluorides are ionic in nature than metal 
chlorides. 

(b) Addition of CI2 to KI solution gives it a brown colour 
but excess of CI2 turns it colourless. 

(c) Perchloric acid is a stronger acid than sulphuric acid. 

(d) Fluorine does not undergo disproportionation reactions 
but other halogens do. 

Solution: 

(a) A bigger anion is more easily polarized than a smaller 
anion by the same metal cation according to Fajan’s rules. F^ 
ion is smaller in size in comparison to CF ion. Thus, the metal 
fluoride is more ionic than the metal chloride for the same 
metal cation, 

(b) Chlorine being more stronger oxidising agent than I2, 
displaces iodine from KI which brings brown colour to the 
solution. In excess of CI2, the liberated iodine is further oxidised 
to iodic acid and solution becomes colourless. 

Cl2 + 2 KI^-> 2 KC 1 + I2 

(Brown) 

I2 + 5CI2 + 6H2O-> 2HIO3 + lOHCl 

(Colourless) 

(c) The oxidation state of chlorine in HCIO4 is +7 while that 
of S in H2SO4 is +6. Thus O —group in HCIO4 is easily 
broken than in H2SO4. Hence, HCIO4 is a stronger add in 
comparison to H2SO4. 

(d) F being the most electronegative element shows only 
-1 oxidation state while other halogens show both negative 
(-1) and positive (+1, + 3 , + 5 , + 7 ) oxidation states. Thus, 
•fluorine does not show disproportionation reactions. 


Excited state 
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□ SUMMARY AND IMPORTANT POINTS TO RSMeMBeR U 


1 . 17 th or VHA group of the periodic table consists of fluorine, 
chlorine, bromine, iodine and astatine. These elements are 
collectively called as halogens as their salts are found in sea 
water (Halogen is a Greek word meaning sea salt). 

2 . Halogens are p-block elements as the l^t differentiating 

electron is accommodated on np subshell. These elements 

have seven electrons in their outermost shell, Le,, they have 
2 5 

ns np configuration. 


ns np 


^tiJ 

i-4ty 

44.-1 

4 - 


They are all paramagnetic atoms. 

3 . These are highly reactive elements and never found free in 
nature but always in combined state. The salts of chlorine, 
bromine and iodine are found in sea water. The most common 
compounds of chlorine found on earth surface are common 
salt or table salt or rock salt (NaCl), sylvine (KCl), horn salt 
(AgCl), camallite (MgCl2»KCl-6H20), etc. Ashes of certain 
deep sea-weeds (laminaria species) contain 0 . 5 % of iodine 
as iodides. Chile saltpetre (caliche) contains NalOa in minute 
quantity ( 0 . 2 %). Bromine is usually obtained from sea water. 
The last member, astatine, is radioactive in nature, 

4. All halogens exist as diatomic molecules {X^, At room 
temperature, CI2 and F2 are gases, Br2 is a filming liquid while 
I2 is a volatile solid. The intermolecular forces are weak 
van der Waais’ forces, whose magnitude increases from F2 
to I2. The melting/boiling points of halogens increase down 
the group. 

5 . Atomic radii are smallest within their respective periods. The 
atomic radii increase from F to I in moving down the group. 
They readOy form X” ions and the ionic mdii also increase 
from F tor. 

6 . These elements have high ionisation energies. The values 
decrease in moving down the group. Iodine forms positive 
ions, it shows metallic nature. In the group, non-metallic 
decreases from F to L 

7 . AH the halogens are coloured. 

I^ CI2 Br 2 I2 

Pale yellow Greenish yellow Dark red Violet 

The colour of the halogena is due to. absorption of some 
wavelengths of visible light by their molecules to cause the 
promotion of electrons to higher energy molecular orbitals. 

8. (a) The halogens have high electronegativity values. The 

values decrease from F to I. 

F( 4 . 0 ) Cl ( 3 . 0 ) Br( 2 . 8 ) 1 ( 2 , 5 ) 

(b) The values of atomic volume and density increase 
steadily from F to I 

(c) Halogens have high values of electron affinities. 

F(- 3 . 6 ) a(-3.8) Br(™ 3 . 5 ) I(--3.2) 


The low value of electron affinity of fluorine is probably 
due to small size of fluorine atom, Le., electron density is 
high which hinders the addition of an extra electron. 

9 . Bond length (X—X) increases from F to I. 

Bond energy of F2 molecule is, however, low inspite of shorter 
bond length. 

F—F Cl—Cl Br—Br I—I 

38 fccal moi^^ 57 455 35.6 

Lower value of bond dissociation energy of fluorine is due 
to high intereleetronic repulsions tetween non^bondhig” 
electrons in 2/?-orbitals of fluorine. 

10 . (a) AU halogens show a common oxidation state of -1 since 

each halogen having seven electrons in the valency sheH 
tries to accept one more electron to attain 8 electrons 
when^ combines with less electronegative element. ^ 

(b) Fluorine being most electronegative, always shows -1 
oxidation state only. 

(c) Chlorine, bromine and iodine show positive oxidation 
states + 1 , + 3 , -i -5 and + 7 , + 3 , -i -5 and +7 oxidation states 
due to the promotion of valency electrons to ^/-orbitals 
which are vacant. 

(d) Besides + 3 , +5 and +7 oxidation states, +4 and +6 
oxidation states are also shown by these elements in 
oxides and oxyacids. 

11 . Standard reduction potentials of halogens are positive and 
decrease from F to L Thus, halogens act as strong oxidising 
agents and their oxidising power deaeases from F to I, 

In general, a halogen of low atomic number will oxidise the 
halide ion of higher atomic number, 

12 . F” ion does not show any reducing nature but CF, Br" and 
F ion act as reducing agents and their reducing nature is in 
increasing order. 

13 . Nearly, aU metals combine with fluorine either in cold or on 
heating to form fluorides. Chlorine combines with a large 
number of metals but slowly. Bromine and iodine do not react 
with noble metals and even with less active metals. The 
reactivity of halogens towards metals decreases on moving 
down the group. The halides are predominantly ionic in 
nature. For a particular metal the ionic character decreases 
from F to L With metals in higher oxidation states, the halides 
are covalent in nature. 

Halogens also combine with a number of non-metals. The 
reactivity decreases from F to I 

14 . Fluorine decomposes water very readily even in dark at low 
temperature, forming a mixture of O2 and O3. Chlorine 
decomposes water in presence of sunlight while bromine 
decomposes water slowly in presence of sunlight. Iodine 
does not decompose water. 

15 . AU the halogens react with hydrogen to form volatile 
covalent hydrides of the formula HX. The activity of halogens 
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toward hydrogen decreases from F to I. These hydrides are 
called hydracids or halogen acids. 

(a) The hydracids are formed by direct combination of 
halogens and hydrogen. 

The aqueous solution of HF can be obtained by heating 
CaF2 with cone. H2SO4 in a lead retord. Hydrogen 
chloride can be prepared by NaCl with cone. H2SO4. 
However, HBr and HI cannot be prepared by heating 
bromides and iodides with cone. H2SO4 because HBr 
and HI are strong reducing agents and oxidised by 
cone. H2SO4 into Br2 and I2 respectively. HBr and HI are 
obtained by heating bromides and iodides with H3PO4 
or hydrolysis of corresponding phosphorus trihalides. 

(b) Exc^t "HFlir E5F2rbther h^id^ We ^s^^^ 

in air and have pungent odour. All are heavier than air. 
H2F2 is a liquid due to association of molecules through 
hydrogen bonding. The boiling points vary as : 

m < HBn < HI 

{- 67^0 (-35.5"C) (19.5^0 

(c) The bond strength decreases from HF to HI. The decre¬ 
ase in stability is due to decrease in electronegativity. , 
The dissociation energy of H— X bond decreases. 

H—F > H^Cl > H^Br > H—I 

136 kcal mol ^ 105 86 70 

(d) The reducing nature increases from HF to HI. HF does 
not show reducing nature. 

(e) Dipole moment of these hydrides decreases from HF to 
HI. 

(f) Acidic nature of these hydrides is HI > HBr > HCl > HF. 
This is because of the fact that the strength of the 
conjugate base increases as : 

r < Br" < cr < F 

(g) HCl, HBr and HI form one series of salts while 
hydrofluoric acid forms two series of salts MHF2 and 
M2F2 (M is monovalent). . 

16. Halogens and oxygen do not combine directly with each 
other. However, these compounds have been obtained 
indirectly. The known compounds are : 

OF2 O2O , Br20 I2C5 

O2F2 a02 Br02 

0206 BrOs 
Q2O7 

The compounds of oxygen and fluorine are not called oxides 
but fluorides as fluorine is more electronegative than oxygen, 

(a) Oxides of Ci, Br and I are acidic and acidic character 
increases with increase of percentage of oxygen in them. 
* (b) All the oxides of halogens are powerful oxidants, highly 
reactive and unstable towards heat. In general, higher 
oxides are relatively more stable than lower oxides for a 
. particular halogen. 

(c) Oxygen fluorides do not form oxyacids. 

(d) In these oxides, bonds are mainly covalent due to small 

difference in the electronegativity of oxygen and 
halogens. - 


(e) All the three monoxides, viz., OF2, CbO and Br20 have 
tetrahedral structure involving sp hybridization of 
oxygen, bond angle increases with increase in size of the 
halogen atom. 

(f) Oxides of iodine I2O4 and I4O9 are not true oxides but 
iodates, 10(103) and 1(103)3 respectively. 

17. Except fluorine, all other halogens form oxyacids of the type 
HXO, HXO2, HXO3 and H JO4. Some of these acids are quite 
unstable. 


Cl 

Br 

I 


HCIO 

HBiO 

fflO 

hypohalous 

■ HCIO2 

— 

— 


HaOa 

HBr03 

HI03 

Halk 

HCIO^ 

“HBfOF^ 

HI04 

Perhdic 


(a) All these acids are monobasic and the halogen atom is 
sp^ hybridized. 

(b) Acidic character increases with increase in oxidation 
number of the halogen. _ 

HQO < UOO 2 < Ha03 < Ha04 

(c) In any series, acidic character decreases as the electro¬ 
negativity decrea^s. 

HGIO4 > HB1O4 > HIO4 

(d) Oxidising nature for the same halogen decreases. 

HQO > Hao2 > Hao3 > Hao4 

(e) Stability for the same halogen incre^es. 

HQO < Hao2 < Hao3 < Hao4 

18. Fluorine reacts with cold dilute alkalies yielding OF2 and with 
cone, alkalies evolve oxygen. 

2F2 + 2 NaOH--^ 2 NaF+ OI^ + H2O ; 

Cold+dil. 

21 ^ + 4 NaOH-> 4 NaF + O2 + 2H2O 

Cone. 

CI2, Br2 and I2 behave similarly towards alkalies. With dilute 
^d cold alkalies form a mixtum of halide and hypohalide 
while with hot and cone, alkalies form a mixture of halide and 
halate. 

2NaOH + X2 -> NaX + NaXO + H2O; 

Cold+dil. Hypohalite 

6 NaOH +3X2->5NaX+NaX03+3H20 

Hot+conc. Halate 

19. The halogens on account of difference in the electro¬ 
negativities combine with each other to form compounds of 
the type AB„ where A is always bigger atom and B is small^\ 
atom and n may have values 1 , 3,5 and 7 . These are covalent‘ 
compounds and called interhalogen compounds. 

AB type OF, BrF, BrCl, ICl, IBr 

AB3 type CiFs, BrF3, ICI3 - > sp^d hybridization of A. 

Two lone pairs 

AB5 type IF5,BrF5 -> sp d hybridization of A. 

One lone pair 

ABj type IF7 sp d hybridization of A. 

Interhalogen compounds are gases or liquids. The^ are 
volatile and fume in air. These compounds are mom reactive 
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than halogens except fluorine because A —B bond is weaker 
than B—B bond. These are hydrolysed and act as oxidising 
agents. 

20 , Halide ions often react with molecules of halogens or 
interhalogens and form polyhalides. 

I + I2 -^ I3 

I3 (polyhalide) ion is stable in aqueous solution and in 
ionic crystals. More complex ions such as I5,17 and I9 have 
been prepared. The Br3 and CI3 ions are much less stable 
th^ I3. 

Many polyhalides are known in which two or three different 
halogens are present such as ICI2, ICI4, (IBrF)” and(IBiGir. 

21 . Some of the monovalent Jons made-of-electronegative atoms 
and possessing properties similar to halide ions are known 
which are called pseudohalide ions. The corresponding 
dimers having no charge of these pseudohalide ions are 

. called pseudohalogens, 

Pseudohahde ibns^'^ . 

Cyanide ion {CN“) (CN)2 Cyanogen 

Thiocyanate ion (SCN“) (SCN)2 Thiocyanogen 

Cyanate ion (OCN”) {OCN)2 Oxycyanogen 

22 * The important minerals of fluorine are : 

(i) Ruorspar (CaF2); (ii) Cryolite (Na3AlF5); (iii) Fluorapatite 
[CaF 2 - 3 Ca 3 (P 04 ) 2 ] 

In small amounts, it is present as fluorides in plant ashes, 
soil, sea water, bones and teeth of animals. 

The isolation presented many difficulties. It was finally 
isolated by Mo^san in 1886 by electrolysis of anhydrous 
hydrofluoric acid in potassium hydrogen fluoride (KHF2) 
using Pt-Ir vessel at “ 23 ^C. The electrodes used were also 
of Pt-Ir alloy. 

In modem methods, fluorine is prepared by electrolysis of 
fused KHF2. The electrolytic cells are made of copper, nickel 
or monel metal. The anode is generally of graphite. The 
fluorine set free contains some carbon tetrafluoride. The 
methods used are : (i) Dennis and (ii) Whydaw-Gray. 

23 . The fluorine compounds have wide applications : 

(a) Freon, CF2CI2 (dichlorodifluoro methane) is used in 
refrigerators and cold storage plants. 

(b) Teflon (C2F4);^, a new plastic, has a very high electrical 
resistance and is used as insulating material. It is not 
affected by acids, alkalies and strong oxidising agents. 

(c) H2F2 is used for etching of glass. 

(d) SF5 has insulating properties. It is used in X-ray and high 
voltage machines. 

(e) NaF and Na3AlF5 are used as insecticides. 

(f) CuF 2 is used in ceramic industry. 

(g) UF5 is used for separation of isotope from natural 
uranium, 

(h) Sodium fluoroacetate is used as a rat poison. 

24 . Chlorine was discovered by Scheele in 1774 . The old name 
is oxymuriatic acid gas. Common salt (NaCl) is the most 
important chloride which occurs in sea water, lakes and in 
rocks. It is prepared (i) by oxidation of HCl with Mn02, Pb02j 


Pb304, KMn04, K2Cr207,03, NaClO, etc. (ii) by heating dry 
platinum chloride (PCI4) or gold chloride (AUCI3) in a hard 
glass tube. It gives pure chlorine. 

The methods used for its manufacture are : 

(a) Weldon’s process (Mn02 + HCl) (b) Deacon’s process- 
chlorine is obtained by air oxidation of HCl in presence 
of CuCl2 as a catalyst (c) Nitrosyl chloride process 
(d) By-product in the manufacture of caustic soda or sodium. 
Chlorine is stored and transported in liquid state. 

25 . Chlorine is a yellowish green gas with, pungent suffocating 
and poisonous nature. It is fairly soluble in water. The 
aqueous solution is called chlorine water which gives crystals 

of chlorine hy^ate (CE ^H^Q) at O^C . I n pre sence o f moistu re._ 

it acts as an oxidising and bleaching agent. 

26 . Chlorine is used in the manufacture of bleaching powder, 
chlorates, hypochlorites, HCl, chloroform, CCI4, phosgene 
(COCI2), tear gas (CC13-N02) and mustard gas (CI--C2H4-— 
S—-C2H4--7CI). It is usedin purffication of drinking water and— 
as a bleaching agent for cotton fabrics, paper and rayon. 

27 . Bromine was discovered by Balard in 1826 . It is obtained 
either from the mother liquor obtained after crystallising KCl 
from camalUte or from sea water by posing CI2 gas. The 
vapours are absorbed in Na2C(>3 solution when a mixture of 
NaBr and NaBr03 is obtained which is distilled with H2SO4 
to recover bromine. 

28 . Iodine was discovered by Courtois in 1812 . Two main sources 
of iodine are : 

' (a) Deep sea-weeds’ ashes known as kelp contains 0 . 5 % 
iodine in the form of iodides. 

(b) Caliche or crude chile saltpetre which contains 0 . 2 % of 
NaI03. 

29 . I2 is slightly soluble in water. The solubility can be increase 
by addition of KI. 

KI + I2-> KI3 (Soluble) 

It is soluble in organic solvents such as chloroform, carbon 
tetrachloride, alcohol, ether, etc. It oxidises Na2S203 into 
sodium tetrathionate. This reaction is useful in iodometric 
titrations. 

30 . Tincture of iodim is a mixture of I2 and KI dissolved in 
rectified alcohol. It is us^ as antiseptic. lodex—a product 
containing iodine is used as antiseptic and analgesic. 
Although iodine does not displace chlorine or bromine from 
the solutions of their s.alts, yet it displaces them from their 
oxy salts. 

2 KCIO 3 +12 -> 2 KIO 3 + 02 

' 2KB1O3 + I2-> 21003+ Br2 

31 . Bleaching powder (Ca0Cl2'H20) is also called calcium 
chlorohypochlorite because it is a mixed salt of hydrochloric 
acid and hypochlorous acid. It is represented as : 

.OCl 

Ca/ 

\ri 


It is obtained by the action of CI2 on slaked lime. 
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Bleaching powder loses its chlorine content by the action of 
dilute acids or carbon dioxide. The amount of chlorine 
obtained from the sample of a bleaching powder by this way 
is termed aTailable chlorine. A good sample of bleaching 
powder contains 35 - 38 % of available chlorine. 

On long standing bleaching powder undergoes auto- 
oxidation into calcium chlorate and calcium chloride. 

6CaOCl2^-^ 5CaCl2+Ca(C103)2 

The products do not have available chlorine. Thus, bleaching 
powder loses available chlorine with time. 

32 . When a chloride is heated with cone. H2SO4 in presence of 
solid K2Cr207 in a dry test tube, deep red vapours of chromyl 
chloride. are , evolved, '^en Jbiese ^ jre passed 
through NaOH solution, the solution becomes yellow due to 
formation of sodium chromate. The solution is neutralised 
with acetic acid and on addition of lead acetate solution, a 
yellow precipitate of lead chromate is formed. This is a test 
of chloride ion and is known as chromyl chloride test. 

33 . Warming KCIO3 with cone. HCl gives a mixture of CI2 and 
CIO2 known as euchlorine which is a bleaching agent. 


34 . Iodine shows electropositive nature as it has lowest 
ionisation potential among halogens. It has the tendency to 
lose electron or electrons to form I"^ and I^”^ cations. 
Compounds such as ICl, ICN, ICI3, IPO4,1(CH3COO)3, etc., 
are known. 

35 . Some of the products of halogens have been given special 
names. 


Mg(C104)2 - 

Kaoj — 

KHF2 

Aq. soln. of NaOCl — 

CaOarH20 — 

CI2 and GIO2 mixture — 

S^ofHCl 

(XI 3 NO 2 — 

02 - 


Anhydrohe 
Berthelot’s salt 
Perming’s salt 
Javelle water 
Bleaching powder 
Euchlorine 
Spnfof^r 
Tear gas 

Oxymuriatic acid gas 


36 . CI2 and F2 do not react with starch solution. Br2 gives yellow 
colour with starch solution and I2 gives deep blue .colour with— 
starch solution. r 


• ••- PRACTICE PROBLEMS 



■ Subjective Type Questions 

1. Name the element of group 17 , which has the following 
properties: 

(a) highest electron affinity 

(b) strongest oxidising agent 

(c) radioactive 

(d) violet solid 

(e) does not exhibit positive oxidation state 

2 . Among the hydrides of halogens pr^ct the hydride having: 

(a) highest boiling point 

(b) strongest reducing agent 

(c) most stable 

(d) least acidic 

(e) lowest boiling point 

3 . Complete and balance the following chemical reactions: 

(i) I2 ■+■ NaC103--^ 

(ii) lOi + r + H'*’-> 

(iii) Br2 + Nal^-> 

(iv) I2 + S2O3 - > 

(v) BrOi + Pa + OH”'-> 

4 . Answer the following: 

(i) Write the general electronic configuration of halogens 
in the valence shell. 

(ii) Name the halogens. 

(iii) Name the radioactive (last) element of VEtA or 17 th 
group. 

(iv) Write the physical states of halogens under ordinary 
conditions. 


(v) Write the two important minerals of fluorine.. 

(vi) Name four oxyacids of chlorine. Give their molecular 
foonuiae. 

(vii) Name the halogen which gives ozone with water. 

(viii) Name the oxide of chlorine which has odd number 

of electrons and p^amagiietic in nature, 

(ix) Give one example each of the compound of chlorine 
in which it shows + 1 ,- 1 , + 3 , + 4 , + 5 , +6 and +7 
oxidation state. 

(x) Name the halogen which has highest bond energy 
amongst halogens. 

(xi) Name the compound which on electrolysis gives 
fluorine g^ at anede. 

(xii) Name the fluoro carbon used in mfrigerators. 

(xiii) Name two poisonous gases of chlorine used in the 
warfare. 

(xiv) What is the atomicity of halogens? 

(xv) What is the percentage of available chlorine in a good 
sample of bleaching powder? 

(xvi) Name two interhalogens of AB3 type. 

(xvii) What are the constituents of tincture of iodine? 

(xviii) What is the colour of vapom obtained when an 
iodide is heated with cone. H2SO4? 

(xix) What is the shape of HCIO4? 

(xx) What is the shape of CIP3? 

5 . Complete the following reactions and give balanced 
equations: 

(i) CI2+OH -^.+ CIO3 +... 

(ii) Mn02 + HCl —> MnCl2 +.+ 
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(iii) NH3 + Cl2(excess) —.+ HCl 

(iv) KMn04 + KCl + H2SO4-> 

K2SO4 + M11SO4+. 4 -_. 

(V) K 2 Cr 207 4 -HCl^-> Ka + CrCl3 + ....+ . 

[I J.T. 1992 ] 

(vi) CUSO4 + KI-^ CU2I2 +..+. 

(vii) NHa + NaOCl -> N2 + NaCl +.. 

(Yiii) 02 + H2O + -> HgCl2‘HgO +. 

(ix) P4 + I2 + H2O-^ H3PO3 +. 

(x) NaBr + Mn02 + H2SO4-> 

NaHS04 +.+ H2O +.. 

0d) H2SO4 + HI ^ ..+. 

[RoNorkee 199 S] 

(xH) CaOCl2+NaI+HCl->......+Caa2+H20+Naa 

[Roorkee 1998 ] 

6. What happens when? (Give balanced equations) 

(i) Sodium iodate is treated with sodium bisulphite 
solution. 

(ii) Chlorine is passed through hot NaOH solution. 

[M.L.N.R. 1990 ] 

(iii) Chlorine is passed into aqueous pot^sium hydroxide. 

(iv) Chlorine gas is bubbled through a solution of ferrous 
bromide, 

(v) Iodine reacts with cone. HNO3. [M.L.N,R 1992 ] 

(vi) Chlorine is passed over slaked lime. 

(vii) Sodium chloride is heated with K2Cr207 and cone. 

H2SO4. [LIX 1990 ] 

(vih) Potassium ic^ide is heated with Mn02 and cone. 
H2SO4. 

Ox) Qilorine reacts with Na2S03 solution. 

(x) Iodine is added to stannous chloride solution. 

(xi) Chlorine is passed through a suspension of iodine. 

(xii) CI2 is passed through a suspension of CaC03. 

(xiii) Chlorine gas is p^sed through dry and aqueous 

sulphur dioxide. 

(xiv) Bromine reacts with Na2C03 solution. 

(xv) Potassium iodide is added to bleaching powder con¬ 
taining dilute acetic acid. 

7 . Arrange the following: 

(a) HCIO, HCIO2, HCIO3, HCIO4 in increasing order of 
thermal stability. 

(b) HCIO, HCIO2, HCIO3, HCIO4 in order of increasing acid 
strength, 

(c) HCIO, HCIO2, HCIO3, HCIO4 in order of increasing 
oxidising power. 

(d) F^, Cr, Br”, 1 “ in order of increasing reducing nature. 

(e) I2, HI, HIO4, ICl in order of increasing oxidation number 
of iodine. 

(0 HOF, HOCl, HOBr, HOI in order of increasing acid 
strength. 

(g) F2, Q2, Br2,12 in order of increasing oxidising power. 

(h) HF, HCl, HBr, HI in order of increasing acid strength. 
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(i) F, Cl, Br, I in order of increasing electronegativity or 
reactivity. 

(j) F, Cl, Br, I in order of increasing electron affinity. 

8 . Write chemical formula and uses of the following: 

(i) Muriatic acid (ii) Freon (iii) Hypo solution 
(iv) Caliche (v)Kelp (vi) Bleaching powder. 

9 * Give equations only: 

(i) How chlorine is obtained from the following substances? 

(a) HCl (b)NaCl (c)KC103 (d) Bleaching ix)wder 

(ii) How bromine is obtained from the following substances? 
(a)NaBr03 (b)HBr (c)KBr 

(iii) How iodine is obtained from the following substances? 
(a)KI (b)NaI03 (c)HI 

W* What-isthe^xidation number of the various halogen atoms^ 
present in the following? 

(i)ClF (ii)ICl (m)Pa5 (iv)a2 (v)KC 103 (vi)Ka 04 
(vii)HC102 (viii)Cl20 (ix)F20 (x)Cl2(>7. 

11, What is the geometry and hybridization of the central atom 
of the following molecules or ions? “ 

(i)C 10 i (ii)C103 (iii)IF7 (iv)ICl2 (v)ICl4: (vi)Cl20 
(vii)IF3 (viii)Ci02. 

IZ. Write short notes on: 

(i) Available chlorine. 

(ii) Interhalogen com|K)unds. 

(m) Pseudohalogens. 

(iv) Basic properties of iodine. 

(v) Use of bleaching powder in textile industry. 

(vi) Relative acid strength of the hydracids of halogens, 

(vii) Relative oxidising nature of halogens. 

(viii) Relative acid strength of the oxyacids of chlorine. 

13 * (i) Describe the iodometric method for estimating available 

chlorine in the given sample of bleaching powder. . 

(ii) Give the chemistry of the test of fluoride. 

(iii) Give the chemistry of chromyl chloride test, 

(iv) Give the chemistry of chloroform test for the_detection 
of bromide and iodide ions, 

14 . Explain the following with fw'oper reason: 

(i) Fluorine cannot be prepared from fluorides by chemi - 
cal oxidation. 

[Hint : The standard reduction potential of fluorine is 
ma^dmum. 

:f. + —^:Fr 

- •« 

Thus, it cannot be oxidised by any other reagent. 

ion is very stable due to small size and high 
electronegativity of fluorine atom.] 

(ii) Anhydrous HCl is a bad conductor of electricity while 
aqueous HCl is a good conductor. [LLT. 1995 ] 
[Hint : In anhydrous state, HCl is a covalent molecule. In 

aqueous solution, HC! combines with water 
molecule to form H 30 ‘^ and Cl” ions. 

HCl + H 2 O-> HsO^ + cr ] 
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(iii) Halogens are coloured. 

[Hint : Halogens absorb part of the light in the visible 
region which cause excitation of outer electrons to 
higher energy levels. The excitation energy depends 
on the size of the halogen atom, the smaller the 
atom, the greater is the excitation energy. Thus, 
fluorine absorbs violet light and thus appears 
yellow (complementary colour). As different 
colours are absorbed by halogens, they display 
different complementary colours also.] 

(iv) Halogens are strong oxidising agents. 

[Hint : Halogens act as strong oxidising agents because they 
have high tendency to accept electron, Le., they have 
high electron affinity values. Their reduction 

___ -potentials- are-high_(positive)-ancLdecreaseJfcom F 

to I. Thus, oxidising nature decreases from F to L] 

(v) When a blue litmus is dipped into a solution of 
hypochlorous acid, it first turns red and then later gets 
decolourised. 

[Hint ; HCIO is an acid, thus turns blue htmus into red. 
HCIO is also an oxidising agent. The nascent oxygen 
given by HCIO bleaches the red litmus. 

Red litmus + O-> Colourless] 

(vi) The bleaching action of chlorine is permanent while 
that of sulphur dioxide is temporary. 

[Hint : Chlorine bleaching action is due to oxidation while 
that of sulphur dioxide is due to reduction. Hence, 
the substance bleached by SO 2 is reoxidised by the 
oxygen of the air to its original state.] 

(vii) The brown colour of an acidified dilute solution of 
iodine in aqueous potassium iodide is intensified by 
addition of a nitrite but is discharged by the addition 
of sulphite. 

[Hint : Nitrite ions oxidise iodide ions to iodine and thus 
brown colour is intensified. 

+ 2N02“ + 21“-> 2NO + I 2 + 2 H 2 O 

Iodine acts as an oxidising agent with sulphite and 
converted into I“, ie., the solution becomes 
colourless. 

I 2 + SOb' + H 2 O —^ SOf + 2H'' + 2r ] 
(viii) Fluorine is a non-metal whereas iodine shows some 
metallic properties as well. 

[Hint : Ionisation potential decreases on moving down from 
F to I. The iodine can lose electron/electrons and 
form positive ions and hence shows metallic 
character.] 

Ox) Colour of potassium iodide solution containing starch 
turns blue when chlorine water is added. 

[Hint : Chlorine being more reactive displaces iodine from 
KI. Iodine is absorbed by starch and thus blue 
colour is developed. 

2KI + CI 2 ->2KC1 + I 2 

I 2 + Starch->Blue colour] 

(x) Pure HI kept in a bottle acquires a brown colour after 
sometime. 


[Hint : HI is a strong reducing agent. It is even oxidised by 
oxygen of the air. The iodine is liberated which is 
dissolved imparting a brown colour to solution.] 

(xi) Iodine dissolves more in KI solution than in water. 

[Dhanbad 1992 ] 

[Hint : I2 is a covalent molecule. Thus, its solubihty is less 
in polar solvent, i.e., water. Potassium iodide com¬ 
bines with iodine and forms a polyhahde which is 
an ionic compound. Being ionic, KI3 is more soluble. 

KI + I 2 ->Kl3(Kl[i)] 

2 + 

(xii) Iodine is liberated in the reaction between KI and Cu 
but chlorine is not liberated when KCl is added to 
Cu^'*' ion. 

[Hint : F ion is a strong reducing agent. It reduces Cu^"^ 
ion to Cu"^ ion. The CT ion is a weak reducing 
agent. Thus, it does not reduce Cu^"^ ion. 

2 Cu^'' + 4 KI-> CU2I2 + I2 + 4 K'' ] 

(xiii) KHF2 is weU known whereas KHCI2 or KHBr2 does not 
exist. 

[Hint : Hydrofluoric acid exists as dimeric molecule (H2F2) 
due to hydrogen bonding. It, thus, exhibits dibasic 
nature and forms two series of salts, KHF2 as [K"^ 

and F“-H—F] and KF[K'' and FI. HCl and 

HBr exist as monomeric molecules as hydrogen 
bonding is not present.] 

(xiv) A fresh iodine stain can be removed by washing with 
hypo solution. 

[Hint : Hypo reacts with iodine to form water soluble 
colourless sodium tetrathionate and sodium iodide. 

2Na2S203 + I2-^ 2 NaI + Na2S405 ] 

(xv) Dry chlorine does not bleach clothes. 

[Hint : The bleaching action of chlorine is due to the 
liberation of nascent oxygen from water (moisture). 

H2O + CI2-> 2 HC 1 + (O) ] 

(xvi) Ferric iodide is very unstable but ferric chloride is 
stable. 

[Hin I" ion is a strong reducing agent. Iodide thus reduces 
ferric into ferrous. CF ion is a weak reducing agent 
and does not reduce Fe^"^ to Fe^"^.] 

(xvii) HF is least volatile and HCl is most volatile amongst 
hydrogen halides. 

[Hint : In covalent compounds, the boihng point increases 
with increase of molecular mass as van der Waals’ 
forces increase. The volatihty thus, decreases in 
covalent compounds with increase in molecular 
mass. However, hydrogen bonding is present in HF. 
Due to which, the boihng point of HF is higher and 
the volatility is less. Thus, the volatility of 
hydrogen halides can be represented as: 

HCl > HBr > HI > HF ] 

Most volatile Least volatile 

(xviii) Fluorine does not form F3 (polyhalide) ion. 

[Hint ; ^0 ^-orbitals are present in fluorine while ^-orbitals 
are present in other halogens. The formation of 
ion involves sp^d h^fidizatidri.] 
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(xix) Fluorine gives fumes with moist air, 

[Hint ; Fluorine reacts with water to form HF. 

2H2O + 2F2-> 4 HF + O2 

HF, being liquid, absorbs liquid droplets to form 
fumes.] 

(xx) Interhalogens are more reactive than halogens. 

[Hint : The bond in the interhalogen A— X is weaker than 

X—X bond in the halogens. This is on account of 
l^s effective overlapping between orbitals of 
dissimilar atoms than those of similar atoms.] 

(xxi) HF is not stored in glass bottles but kept in wax 
bottles. 

[Hint : HF attacks glass bottles. The sodium and pota~ 
-- ^sium-silicates are converted-into fluorosilieates; 

Na2Si03 4- 6HF -> Na2SiF6 + SHaO ] 

(xxii) HF has a greater electronegativity difference and more 
ionic character than HCl, HBr and HI but it is the 
weakest acid. 

[Hint : The weakest acidic nature of HF is due to following 
three factors: 

(i) Strong —^F bond as the dissociation energy 
is high. 

(ii) Large heat of dehydration due to hydrogen 
bonding. 

(iii) Low value of electron affinity.] 

15, The following statements are correct under certain 
conditions. Mention the conditions. 

(i) Chlorine is a good bleaching agent. 

(ii) A mixture of H2 and CI2 explodes. 

(iii) CI2 reacts with NaOH solution to produce sodium 
chloride and sodium hypochlorite (along with water). 

(iv) CI2 reacts with NaOH solution to produce sodium 
chloride and sodium chlorate (along with water). 

(v) CI2 substitutes hydrogen atoms of a molecule of 
methane. 

(vi) CI2 reacts with ammonia to form nitrogen and ammo¬ 
nium chloride. 

(vii) CI2 reacts with lime to form bleaching powder. 

(viii) Iodine dissolves freely in water. 

(ix) Chlorine forms an addition product with SO2. 

16. A black powder when heated with NaCl and cone. H2SO4 
gives off a greenish yellow gas. The gas on passing through 
liquor ammonia liberates N2 and on passing through boiling 
KOH yields compounds one of which when heated with the 
black powder evolves oxygen. Name the gas and the black 


powder. Explain the chemical reactions involved with 
equations. 

17. A sodium salt is heated with concentrated sulphuric acid. 
The evolved gas is found to turn moist litmus paper red and 
produce white fumes in contact with a glass rod moistened 
with annunonia solution. It also gives white precipitate when 
passed through AgN03 solution. When the salt is heated 
with Mn02 and cone. H2SO4, a gas with an irritating smell is 
evolved which turns starch-iodide paper blue. Identify the 
salt and the gaseous product evolved from it. Explain your 
answer with relevant chemical equations. 

18. A certain compound (X) shows the following reactions. 

(i) When KI is added to an aqueous suspension of (X) 

containing acetic acid-riodineris hberated. -- 

(ii) When CO2 is passed through an aqueous suspension 
of (X), the turbidity transforms to a precipitate. 

(iii) When the paste of (X) in water is heated with ethyl 
alcohol, a product of anaesthetic use is obtained. 
Ictehtify (J^ write down Cheffical 

reactions at step (i), (ii) and (iii). [Hoorkee W 92 ] 

19. A colourless inorganic compound imparts a green colour to 
flame. It’s solution does not give any precipitate with H2S. 
It’s solution gives white precipitate with H2SO4. When it is 
heated with K2Cr207 and cone. H2SO4, a red gas is evolved. 
The gas when passed through aqueous NaOH solution turns 
it yellow. Identify the compound and give chemical reactions. 

■ Matching Type Questions 

Match the foUowing: 

[A] 


(i) Fluorine 

(a) Camallite 

(ii) Chlorine 

(b) Hydrogen bonding 

(iii) Bromine 

(c) Beckmann’s process 

(iv) Iodine 

(d) Reducing agent 

(v) Bleaching powder 

(e) Pseudohaiogen 

(vi) HF 

(f) Dennis process 

(vii) HI 

(g) Sea-weeds 

(viii) (CN)2 

(h) Deacon’s prex^ess 

[B] 


(i) Moissan 

(a) Chlorine 

(ii) Scheeie 

(b) Bleaching powder 

(iii) Balard 

(c) Iodine 

(iv) Courtois 

(d) Fluorine 

(v) Odling 

(e) Bromine 



Answers : Subjective Type Questions 

1 . (a) Cl (b)F (c)At (d)l (e) F 

2. (a)HF (b)HI (c)HF (d) HF (e) HCl 

3 . (i) I2 -f 2NaC103-> INalOs + CI2 

(ii) lOJ 4 Sr + 6 H^ 3I2 + 3H2O 

(iii) Br 2 4 2NaI-> 2NaBr + I 2 

(iv) I2 + 2S2OI'-> S40i' + 21“ 

(v) BrOi + F2 + 20H“-> BrO^ + 2F“ + H2O 


4. 


— • ' . - — . — ■ 

2 5 

(i) ns np (ii) Fluorine, chlorine, bromine, iodine (iii) Astatine 
(iv) Fluorine and chlorine are gas^, bromine is liquid and iodine is 
solid, (v) Fluorspar (CaF 2 ); cryolite (Na 3 AlF 6 ) (vi) Hypochlorous 
acid (HCIO), Chlorous acid (HCIO 2 ); Chloric acid (HCIO 3 ); 
Perchloric acid (HCIO 4 ) (vii) Fluorine (viii) Chlorine dioxide, CIO 2 
(ix) CI 2 O (4l), HCl {-* 1 ), QFs (+3), CIO 2 (44), HCIO 3 (+5), 
ClaO^ ( 4 - 6 ), HCIO 4 (4?) (x) chlorine (xi) Fused anhydrous 
potassium hydrogen fluoride (KHF 2 ) (xii) Freon (CF 2 CI 2 ) 
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(xiii) Phosgene (COCI2), Tear gas (CCI3NO2) (xiv) two 
(xv) 35 - 38 % (xvi) Chlorme t3dfluoride (CIF3); iodine trichloride (ICI3 
or l2C\^) (xvii) Iodine, potassium iodide and ethyl alcohol 
(xviii) Violet (xix) Tetrahedral (xx) T-shaped. 

5 . (i) 3CI2 + 6 oir — 5 cr + cioi + 3H2O 

(ii) Mn 02 + 4 HCI-> MnCl2 + CI2 + 2H2O 

(iii) NH3 + 3Cl2(Excess)-> NCI3 + 3 HC 1 . 

(iv) 2KMn04 -h lOKCl -h 8H2§04-^ 

6K2SO4 + 2MnS04 -h 5CI2 + 8H2O 

(v) K2Cr207 -H MHCl-> 2 KC 1 + 2CrCl3 + 7H2O -h 302 

(vi) 2CUSO4 -H 4 ia-> 2 K 2 SO 4 + CU2I2 + I2- 

(vii) 2NH3 + 3 NaOa-> SNaCl + N2 + 3H2O 

(vih) 202 + H2O + 2 HgO-> 2 HC 10 + HgO HgCla 

_^(ix)_P4 + 6I 2 4 - I2H2 O-> __ 

(x) 2 NaBr + Mn02 + 3H2SO4-> 

2 NaHS 04 + MnS 04 + 2 H 2 O + Br2 

(xi) H2SO4 2ffl-^ I2 + SO2 + 2H2O 

(xii) Ca002 + 2 NaI + 2 HO-> I2 + Ca02 + H2O + 2 NaO 

6 . (i)2NaIG3 -I- 5NaHS03 —^ 3NaHSQ4 + 2Na2S94 + H2O + I2 

(ii) 302 + 6 NaOH(conc.) SNaO + NaO03 + 3H2O 

(iii) O2 + 2 K 0 H(a^.)-^ KCl -h KOO H2O 

(iv) 2FeBr2 + 302 -> ^FeOa 2Br2 

(V) I2 + IOHNO3 -> 2HIO3 IONO2 +4H2O 

(vi) Ca(0H)2 + O2-> Ca( 0 a)O H2O 

(vii) 4 NaO -h K2Cr207 + 6H2SO4-> 

200202 + 4NaHS04 + 2KHSO4 -h3H20 

(viii) 2 KI -h Mn02 + 3H2SO4-> 2KHSO4 + MnS04 + 2H2O -H I2 

(ix) CI2 + Na2S03 -h H2O-> 2HO + Na2S04 


(X) 

SnQa + 2Ha + % — 

SnCU + 2 HI 

(xi) 

I2 + 502 + 6H2O — 

2 ffl 03 + lOHCl 

(xii) 

2CaC03 + 2CI2 — 

-4 CaOa + Ca(CI0)2 + 2CO2 

(xiii) 

SO2 + 02 — 

80202 


Dry 

SO2 + O2 + 2H2O-> H2SO4 + 2HO 

(xiv) 3Br2 -h 3Na2C03-> 5NaBr -H NaBiOg -h 3CO2 

(Cone, and hot) 


(XV) CaOCl2 + 2CH3COOH -h 2K1 -> 

(CH3COO)2Ca 2KO -h I2 + H2O 

7 . (a) HCIO < HOO2 < HOO3 < HOO4 

(b) HCIO < HOO2 < HOO3 < HOO4 

(c) HCIO4 < HOO3 < HOO2 < HOO 

(d) F^<a~<Br”<r 

(e) HI < I2 < 10 < HIO4 

(f) HOI < HOBr < HOO < HOF 

(g) I2 < Br2 < O2 < F2 

(h> HF < HO < HBr < HI ^ 

(i) I < Br < Cl < F 

(j) I < Br < F < Cl 


8. (i) 

Muriatic acid 

HCl 

Laboratory agent 

As an acid 

(ii) 

Freon 

CF2CI2 

As a refrigerant 

(iii) 

Hypo soln. 

Na2S203 

(i) Used in photography 

(ii) As a volumetric reagent 

(iv) 

Caliche 

NalOa 

For the manufacture of 


(main constituent) iodine 


(v) Kelp Nal In small amount for the 

manufacture of iodine 

(vi) Bleaching powder CaOCl2 As a bleaching agent and 

germicide 

9 . (i) (a) By heating cone. HO with manganese dioxide. 

Mn 02 + 4 HC 1 -> MnCl 2 + 2H2O -h CI2 

(b) By doing electrolysis of NaCl solution. 

(c) By treating KOO3 with iodine. 

2KCIO3 -h I2 -—^ 2KIO3 -h CI2 

(d) Bleaching powder is treated either with mineral acids or CO2. 

CaCX:i2 + H2SO4-> CaS04 -h H2O + Ob 

Ca0O2 + CO 2 -> CaCOs + CI 2 

(h)^(a)^By heatiffg“mixtore~conminm^NaBr^M^NaBf03^ 
hydrochloric acid. 

SNaBr + NaBiOs + 6 HO-> 6 NaO + 3 Br 2 + 3H2O 

(b) By heating HBr with Mn 02 

1^02. ± 4 HBr —77^ MnBr2 + M2O 
or by passing CI2 through HBr. 

CI2 + 2 HBr-^ 2 HC 1 -h 612 

(c) By heating KBr with Mn02 and cone. H2SO4 or by passing 
02 through KBr solution. 

(iii) (a) By heating mixture of KI and Mn02 with cone. H2SO4 or 
by treating KI with H2O2. 

' 2 KI -h H2O2-> 2 KOH I2 

(b) Sodium iodate is ,treated with calculated quantity of sodium 
bisulphite. 

2NaI03 + SNaHSOs-> 3NaHS04 + 2Na2S04 -h H2O + I2 

(c) By passing O2 through HI. 

2 HI -H 02^-> 2 HCI +I2 

10. (i) 0 = + 1 , F -1 (ii) I = + 1 , O ^ -1 (iii) 0 == -1 (iv) 0 = 0 
(V) +5 (vi) 0 = +7 (vii) O = +3 (viii) 0 = +1 (k) F = -1 

(x) 0 = + 7 . 

11. (i) Angular, sp^ hybridization of Cl-atom 
(li) Pyramidal, sp hybridization of Cl~atom 

(iii) Pentagonal bipyramidal, sp^cP hybridization of I~atom 

(iv) Linear, sp^d hybridization of I-atom 

(v) Square planar, sp^d^ hybridization of I-atom 

(vi) V-shaped, sp^ hybridization of 0 -atom 

(vii) T-shaped, sp^d hybridization of I-atom 
(viii) Angular, sp^d hybridization of O-atom. 

12. text 

13. text 

15 . (i) In presence of moisture (ii) On exposure to direct sunlight 
(iii) When NaOH solution is cold and dilute (iv) When NaOH 
solution is concentrated and hot (v) In diffused sunlight (vi) When 
NH3 is in excess (vii) When CI2 is passed over dry slaked lim e 
(viii) When KI is present (ix) When both are dry. 

16. The black powder is Mn02 and greenish-yellow gas is chlorine. 

Mn02 + 2 NaCl -F 3H2SO4-> 2NaHS04-HMnS04 +02 + 2H2O 

3CI2 + 8MH3 - >N2 + 6NH4CI 

302 + 6 K 0 H -^Ka 03 + 5 KC 1 -h 3H2O 

2KOO3 -h [MnOal -> 2 KC 1 + 3O2 + [MnOal 

17 . The salt is NaCl and the evolved gas is HO. 
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NaCl + H2SO4-> NaHS04 + HCl 

HO + Blue litmus-> Red litmus 

HCl + NH3-> NH4CI 

White fumes 

HCl + AgNOs-> AgCl + HNO3 

White ppt. 

2 NaCl -h Mn02 + 3H2S04^-> 2NaHS04 + MnS04 + 2H2O + CI2 

CI2+2KI-> 2 KC 1 -H I2 

Turns starch iodide paper blue. 

18 . The compound (X) is bleaching powder, CaOCl2. 

(i) CaOa2 + 2CH3COOH + 2 KI-> 

Ca(CH3COO)2 + 2 KC 1 + H2O + I2 

(ii) CaOCl2 + CO2-> CaCOs + CI2 
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C2H5OH + CI2->CH3CH0 + HCl 

CH3CHO + 3CI2-^CClsCHO + 3HC1 

2CCI3CHO + Ca(OH)2-> 2CHCI3 + (HCOO)2Ca 

19, The compound is BaCl2. 

BaCl2 + H2SO4-> BaS04 + 2HC1 

White ppt, 

2BaCl2+ K2Cr207 + 3H2SO4-> 

K2SO4 + 2Cr02Cl2 + 2BaS04 + 3H2O 

Red 

Cr02Cl2 + 4NaOH->Na2Cr04 + 2NaCl + 2H2O 

Yellow soln. 

Answers : Matching Type Questions 

-(v=c);-(vHj)r(vu=d)r(^i=e-); 

[B] (i-d); (ii-a); (iii-e); (iv-c); (v-b). 


4ttl^MW$ ©F^BJ€OTIVE QUESTIONS 


1. The property of halogen acids, that indicated incorrect is : 

(a) HF > HCl > HBr > HI.acidic strength 

(b) HI > HBr > HCl > HF.reducing strength 

(c) HI > HBr > HCl > HF . .... bond length 

(d) HF > HCl > HBr > HI.thermal stability 

Am, (a) 

[Hint : HI is the strongest acid while HF is the weakest acid. The 
order of acidic strength is : 
m > HBr > HCl > HF ] 

2. The property of halogens, that indicated incorrect is : 

(a) F > Cl > Br > I..,. . ionisation energy 

(b) F > Cl > Br > I.,... electron affinity 

(c) F > Cl > Br > I.electronegativity 

(d) I > Br > Cl > F ..... density in liquid state 
Arts, (b) 

[Hint : The electron affinity of Cl is maximum. The trend is : 
Cl>F>Br>a 

3. I4O9 is a/an : 

(a) covalent compound (b) coordinate compound 
(c) ionic compound (d) double salt 

Am. (c) 

[Hint : I4O9 is actually 1(103)3 which gets ionised. 
1(103)3^1^+3(103)-] 


4. 


CI2 


Colda ^ diluteNaOH^ (A) + Naa + H20 
Ho t and con e . NaOH _^ (B) + NaCl + H20 


Compounds (A) and (B) are ; 

(a) NaC103,NaC10 (b) NaOCl2,NaOCl 

(c) Naa04,Naa03 (d) NaOCbNaClOj 

Ans. (d) 


[Hint : CI2 + 2NaOH -> NaCl + NaOCl + H2O 

Cold and dil (A) 


3CI2+ 6NaOH - 

Hot and cone. 


SNaCl + NaClOs +3H2O ] 


5. When chlorine water is added to an aqueous solution of 
sodium halide in the presence of chlomform, a violet 
colouration is obtained. When more of chlorine water is 
added, the violet colour disappears and solution becomes 
colourless. This confirms that sodium halide is : 

(a) chloride (b) fluoride 

(c) bromide (d) iodide 

Am : (d) 

[Hint ; 2 NaI + CI2-> 2 NaCr+ I2 (violet colouration); 

I2 + 5CI2 + 6H2O-> 2HIC3 + I^IHQ] 

Colourless 

6 . As the atomic number of the halogens increases, the 
halogens : 

(a) lose the outermost electrons less readily 

(b) become less dense 

(c) become lighter in colour 

(d) gain electrons less readily 
Am. (d) 

[Hint : The electron affinity decreases down the group as atomic 
size increases,] ^ 

7. The halogen that is most readily reduced is : 

(a) fluorine (b) chlorine 

(c) bromine (d) iodine 

Ans, (a) 

[Hint : The reduction potential of fluorine is maximum and 
thus, it is easily reduced, Le., it acts as strongest oxidising 
agent.] 

8 . Which has maximum pH in aqueous solution ? 

(a) NaClO (b) NaClOi 

(c) NaClOs (d) NaC104 

Am. (a) 

[Hint : NaClO + H20^=^Na0H + HCIO; HCIO is the weak¬ 
est acid among the oxyacids of chlorine and thus, the 
solution of NaClO has maximum pH.] 

















614 


G.R,B. Inorganic Chemistry for Competitions 


9. In the Imown interhalogen compounds, the maximum number 
of halogen atoms are : 

(a) 4 (b) 8 

(c) 5 (d) 7 

Ans. (b) 

10. Which of the following oxyacids of chlorine is formed on 
shaking chlorine water with freshly precipitated yellow oxide 
of mercury? 

(a). HaOj (b) Ha02 

(c) HOO (d) Ha04 

Ans. (c) 

[Hint : HgO + 2CI2 + H2O-> HgCla + 2 HC 10 ] 

11. _The__substance. which is solid at room t emp er ature, forms 

ionic compounds and reacts with hydrogen forming a 
hydride, die aqueous solution of which is acidic, may be : 
(a) A1 (b) Na 

(c) I2 (d) Br2 

-.AllSi:-(c)--. -r -.r . . 

[Hint : Iodine is a solid at room temperature, can form ionic 
compounds. It forms HI with hydrogen which is an acid 
in aqueous solution.] 

12. Interhalogen compounds are more reactive than the 
individual halogen because : 

(a) two halogens are present in place of one 

(b) their bond energy is less than the bond energy of the 
halogen molecule 

(c) they are more ionic (d) they carry more energy 

Ans. (b) 

13. Tincture iodine is : [AJJMJSL 2006] 

(a) aqueous solution of I2 

(b) solution of iodine in aqueous KI 

(c) alcoholic solution of I2 (d) aqueous solution of KI 
Ans. (b) 

14. WMch two of the following substances are used for 

preparing iodized salt? [AXlJMii 

(i) KIO3 (ii) KI (iii) I2 (iv) m 

(a) (i)and(ii) (b) (i) and (iii) 

(c) (ii) and (iv) (d) (iii) and (iv) 

Ans. (a) 


15 , What products are expected from disproportionation 

reaction of hypochlorous acid? [A.IJEJLE.2006] 

(a) HCIO3 and CI2O (b) HClOi and HCIO4 

(c) HCl and CI2O (d) HCl and HCIO3 

Ans. (d) 

[Hint : 3 HC 10 -> HCIO3 + 2 HC 1 ] 

16 . The number of lone pairs of electrons present in central atom 

of CIF3 is : ISMM. (Ortea) 2006 J 

(a) 0 (b) 1 (c) 2 (d) 3 

Ans. (c) . 


[Hint : Cl in first excited state 




f 

[T 


] 


... ...... sp^d h yb. ... 

17. Fluorine is the best oxidising agent because it has : 

[M J»(EM,T.) 2005] 

(a) highest electron affinity (b) highest 

(c) highest Elxid (d) lowest electron affinity 

.. Ans. -(b)-.. .. V- r:-.,- V " : , .-nrT, . 

18. WhenF2 reacts with hot and cone, alkali, then following will 

be obtained : [M.1I.(CJE.T.) 20051 

(i)OF2 (ii) O2 (iii) H2O (iv) NaF 

(a) (i), (iii) and (iv) (b) (ii) and (iii) only 

(c) (ii), (iii) and (iv) (d) all of these 

Ans. (c) 

[Hint : 4NaOH +2Fj -> 4 NaF+2H20 + 02 ] 

(cone.+hot) 


19. 


20. 


21. 


The hybridization present in IF3 is : |EM.T. (Raj.) 2005 ] 

(a) sp^d (b) sp^ 

(c) sp^d^ (d) spV 


Ans. (a) 

Shape of CIF3 is : UMJL (Ori^> 2007 ] 


(a) equilateral triangle (b) pyramidal 

(c) V-shaped (d) T-shaped 

Ans. (d) 

Predict the product of the following reaction : 

CI2 + HgO-> I(Ori^) 20071 

(a) HgCl2 + 02 (b)Hg + Cl207 

(c) HgCl2+CI2O (d) Hg + HgCl2 + O2 

Ans. (c) 
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OBJeGTIVe QUeSTIONS 


Set I: This set contains questions with only one correct answer. 


1 . 


2 . 


3 . 

4 . 


5 . 


6 . 

7 . 

8 . 

9 . 

10 . 

11 . 

12 . 


13. 


Halogens are: 

(a) gases under ordinary conditions □ 

(b) electronegative in nature □ 

(c) filming liquids □ 

(d) the gases found in atmosphere □ 

Halogens show usually; 

(a) electro-valency □ 

(b) covalency □ 

(c) biith electorvalency nncLcovalency_ — _ □ 

(d) coordinate valency □ 

The most powerful oxidising agent is: (C.B.S.E. (PJVf.T.) 2009] 
(a) fluorine □ (b) chlorine □ 

(c) bromine □ (d) iodine □ 

How many electrons are present in the outermost orbit of 
halogens? 

(a) 1 □ (b) 3 □ 

(c) 5 □ (d) 7 □ 

Which one of the hydracids does not form any precipitate 
with AgN03? 

(a) HF □ (b) HQ □ 

(c) HBr □ (d) HI □ 

The strongest reducing agent is: 

(a) F” □ (b) Cr □ 

(c) Br“ □ (d) r □ 

Which one of the following is the strongest acid? 

(a) HF □ (b) HI □ 

(c) HBr □ (d) HCl □ 

Which one of the following is the most volatile acid? 

(a) HF □ (b) HQ □ 

(c) HBr □ (d) HI □ 

The acid which cannot be kept in glass bottles is: 

(a) HI □ (b) HBr □ 

(c) HF □ (d) HQ □ 

Which one of the following is the strongest acid? 

(a) HQO ■ □ (b) HaQ2 □ 

(c) HQOs □ (d) Ha04 □ 

Which one of the following is the strongest oxidising agent? 
(a) HCIO □ (b) HCIO2 □ 

(c) HQOs □ (d) HCIO4 □ 

Consider the following oxides ; 

I.OF2 2.CI2O 3.Br20 

The correct sequence of X—O—bond angle is : 
{a)l> 2>3 □(b) 3 > 2 >l □ 

(c) 2 > 1 > 3 □ (d) 1 > 3 > 2 □ 

[Hint: .q*. q* •()• ] 


/l03^ 

Br Br Cl Cl F F 

Which one of the following has hydrogen bonding? 

(a) HI □ (b) HBr □ 

(c) HF □ (d) HQ □ 


14 . 


15 . 


Id 


17 . 

18 . 

19 . 


20. 

21 . 


22 . 


24 . 


25 . 

26 . 


The solubility of iodine in H2O may increased by the 
addition of: 

(a) Na2S203 □ (b) 0103 □ 

(c) KI □ (d) CS2 □ 

The colour of iodine solution is discharged by shaking with: 

(a) aqueous sulphur dioxide □ 

(b) sodium sulphide □ 

(c) sodium sulphate □ (d) sodium chloride □ 
When chlorine is-passed through concentrated hot solution- 
of KOH, the compound formed is: 

(a) KOO □ (b) Ka02 □ 

(c) KOOs □ (d) Ka04 □ 

Chlorine is prepared in the laboratory by the action of: 

(a) Zn and HCl □ (b) CaCOs and HCl IT 

(c) Pb(N03)2 and HCl □ (d) Mn02 and HCl □ 

Which among the following is paramagnetic? 

(a) (J2O7 □ (b) 0206 □ 

(c) ao2 □ (d) op □ 

Pure chlorine is obtained: 

(a) by heating PtCi4 □ 

(b) by heating Mn02 with HCl □ 

(c) by treating bleaching powder with HCl □ 

(d) by heating mixture of NaCl and Mn02 with conc.H2S04n 
Chlorine is dried over: 

(a) CaO □ (b) NaOH □ 

(c) H2SO4 □ (d) HBr □ 

On heatihg a mixture of NaCl, K2Cr207 and cone. H2SO4. 

is obtained. 

(a) chromic chloride □ (b) chromyl chloride □ 

(c) chlorine □ (d) none of these □ 

The catalyst used in the Deacon's process for the 
manufacture of chlorine is: 

(a) Co □ (b) An alloy of copper □ 

(c) Cua2 □ (d) CuS □ 

Which one of the following acts as an antichlor? 

(a) Mn02 □ (b) Na2S203 □ 

(c) K2Cr207 □ (d) Na2S04 □ 

One gas bleaches the colour of flowers by reduction and 
other by oxidation. These gases are: 

(a) SO2 and CI2 □ (b) CO and CI2 □ 

(c) NH3 and SO2 □ (d) H2S and Br2 □ 

Bromine occui^ as a bromide in a mineral called: 

(a) nitre □ (b) tincal □ 

(c) common salt □ (d) camallite □ 

Bromine is prepared in the laboratory: 

(a) by heating KBr with cone. H2SO4 □ 

(b) by heating KBr and Mn02 with cone. H2SO4 □ 

(c) by heating KBr with HCl □ 

(d) by passing I2 vapours through KBr solution □ 
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27. 

28. 

29. 

30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 

38. 

39. 


Caliche is: 


(a) impure nitre 

□ 

(b) impure camallite 

□ 

(c) crude saltpetre 

□ 

(d) ashes of sea-weeds 

□ 

Iodine is manufactured from: 



(a) sea-weeds 

□ 

(b) camallite 

□ 

(c) nitre 

□ 

(d) pure sodium iodide 

□ 

Iodine displaces chlorine from which one of the compounds: 

(a) KQ 

□ 

(b) CaCl 2 

□ 

(c) CCI 4 

□ 

(d) KCIO 3 

□ 

Elements of which one 

of the following groups will form 

anions most readily? 




(a) Oxygen group 

□ 

(b) Nitrogen group 

□ 

(c) Halogens 

□ 

(d) Alkali metals 

□ 


-Which statement-is-eorreet-abont-4ialogen-?- 

(a) They are all diatomic and form univalent ions □ 

(b) They are all capable of exhibiting several oxidation states 


□ 

(c) They are all diatomic and form diatomic ions □ 

(d) They are air reducing agents □ 

Fluorine is the best oxidising agent because : 

(a) it has the highest electron affinity □ 

(b) it has the highest electronegativity □ 

(c) it has the highest Eqx □ 

(d) it has the highest Efed D 

Iodine vapours are violet in colour because: 

(a) the molecules of iodine in vapour phase absorb green 

and yellow radiations □ 

(b) the molecules of iodine absorb red and violet radiations 

and then emit them □ 

(c) it is a solid □ (d) it is easily volatile □ 

Among the elements of group 17, fluorine is the most reactive 
owing to its: 

(a) electronegativity □ 

(b) small size □ 

(c) extremely high oxidising power and low dissociation 

energy of F—^F bond □ 

(d) all the above factors are responsible for high reactivity 

of fluorine □ 

Which one of the following reacts with chlorine to form 
phosgene? 

(a) SO 2 □ (b) CO 2 □ 

(c) NO □ (d) CO □ 

Which of the following elements does not show positive 
oxidation state? 

(a) Fluorine □ (b) Chlorine □ 

(c) Oxygen □ (d) Sulphur □ 

Slaked lime reacts with chlorine to form: 


(a) Ca(Oa )2 □ (b) Ca(OCl)Cl □ 

(c) Ca(a 03)2 □ (d) Caa 2 □ 

Iodine is liberated from KI solution when treated with: 

(a) ZnS 04 □ (b) CUSO 4 □ 

(c) NiS 04 □ (d) FeS 04 □ 

Iodine may be liberated from sodium iodate by reacting with: 
(a) H 2 SO 4 □ (b) NaHSOs □ 

(c)%Mn 04 □ (d)Ha □ 


40. A substance X when heated with cone. H 2 SO 4 liberates a 
gas which turns starch paper blue. The substance X is: 


(a) Nal □ (b) NaBr □ 

(c) NaQ □ (d) NaNOs □ 

41. The chemical name of bleaching powder is: 

(a) calcium hypochlorite □ 

(b) calcium chlorohypochlorite □ 

(c) calcium chlorate □ 

(d) calcium perchlorate □ 

42. Identify the correct statements : 


1. On heating Rb(ICl 2 ) will decompose giving RbCl and ICl. 

2 . CSI 3 will ionise to give Cs"^ and I 3 . 

3. KBrlCl will give KCl and IBr on heating. 

4. hi the reaction-I ~ +12 -) 1^,-the Lewis acid is I 2 . - 

(a) 1,3,4 □ (b) 1,2,3 □ 

(c) 2,3,4 □ (d) 1,2,3,4 □ 

[Hint : CSI3-> Cs'’ + I" + y 

43. Oxidising action increases in the following order: 

(a) Gl < Br < I < F □ (b) Gi< T < Br <^ F S 

(c) I <F <Cl<Br □ (d) I <Br<Cl<F □ 

44. Fluorine does not show positive oxidation state because: 


(a) its atom is smaller in size □ 

(b) it is volatile □ 

(c) it is a gas □ 

(d) it has no cf-orbital □ 

45. Available chlorine is liberated from bleaching powder when: 

(a) it is heated □ 

(b) it is reacted with excess of acid solution □ 

(c) it is reacted with alkali solution □ 

(d) it is reacted with water □ 

46. Bromine can be liberated from potassium bromide solution 
by the action of: 

(a) iodine solution □ (b) chlorine water □ 

(c) sodium chloride □ (d) potassium iodide □ 

47. Which of the following is not oxidised by Mn02? 

(a) F“ □ (b) Cr □ 

(c) Br“ □ (d) r □ 


# m 

[Hint : The fluoride ion IF I is extremely stable. Hence, it is not 

• • 

oxidised by chemical reagents.] 

48. Bleaching properties of bleaching powder are due to its: 

(a) oxidising properties □ . (b) reducing properties □ 
(c) basic properties □ (d) disinfecting properties □ 

49. Which one of the following halogens is purified by 


sublimation? 

(a) F □ (b) a □ 

(c) Br □ (d) I □ 

50. In a given sample of bleaching powder, the percentage of 
available chlorine is 49. The volume of chlorine obtained if 
10 g of the sample is treated with HCl at N.T.R is: 

(a) 1,5 litre □ (b) 3.0 litre □ 

(c) 15.01itre □ (d) 1501itre □ 

51. Cone. H 2 SO 4 is not used to prepare HBr from KBr because it: 

(a) reacts too slowly with KBr □ 

(b) reduces HBr □ 
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(c) oxidises HBr d 

(d) oxidises KBr to KBr 03 □ 

52. Which one of the following is the strongest acid? 

(a) S0(0H)2 □ (b)S02(0H)2 ' □ 

(c) ao 2 (OH) □ (d) ao 3 (OH) \ □ 

53. Which of the following is the anhydride of perchloric acid? 

(a>a20 □ (b)a02 □ 

■(c) 0206 □ (d) QiG? □ 

54. HBr and HI can reduce H 2 SO 4 , HCl can jeduce KMn 04 and 
HF can reduce: 

(a) K 2 Cr 207 □ (b) KMn 04 □ 

(c) H 2 SO 4 □ (d) none of these □ 

55. Chlorine acts as a bleaching agent only in the presence of: 

(a) dry air " ^ ^ □ (h)^sunlight ; □ 

(c) moisture □ (d) pure oxygen □ 

56. Which of the following pairs is not correctly matched? 

(a) A halogen which is liquid at room temperature— Bromine 

□ 

(b) The most electronegative tlcmmi-—-Fluorine □ 

(c) The niost reactive halogen —Fluorine □ 

(d) The strongest oxidising Iodine □ 

57. Which of the following statements is correct for CsBr 3 ? 

(a) It is a covalent compound □ 

(b) It contains and Br"* ions □ 

(c) It contains Cs”^ and BrJ ions □ 

(d) It contains Cs*^, Br" and lattice Br 2 molecule □ 

58. Which of the following is most stable towards heat? 

(a) HQ □ (b) HOCl □ 

(c) HBr □ (d) HI □ 

59. The silver halide, which is least soluble in NH 4 OH is: 

(a) AgF □ (b) AgCl □ 

(c)AgBr □ (d)AgI □ 

60. Ruorine reacts with water to give: 

(a) hydrogen fluoride and oxygen □ 

(b) hydrogen fluoride and ozone □ 

(c) hydrogen fluoride and oxygen fluoride □ 

(d) hydrogen fluoride, oxygen and ozone □ 

61 bleaching powder is treated with carbon dioxide: 

(a) chlorine is evolved □ 

(b) calcium chloride is formed □ 

(c) no reaction oa:urs □ 

(d) it absorbs the gas □ 

62. Bleaching powder is an example of: 

(a) an acidic salt □ (b) a complex salt □ 

(c) a double salt □ (d) a mixed salt □ 

63. The outermost electronic configuration of the most electro¬ 
negative element is: 

(a) nsW □ (b) □ 

(c) ns^np^ □ (d) ns^np^ □ 

64. Among the halogens, the one which is oxidised by nitric acid 

is: [C,E.E.T. (Haryana) 2005] 

(a) fluorine □ (b) chlorine □ 

(c) bromine □ (d) iodine □ 


65. Mark the element which shows only one oxidation state 
besides zero: 


6t7 


(aj^fluorine □ (b) chlorine □ 

(c) bromine □ (d) iodine □ 

66 . When I 2 is passed thmugh solutions of KCl, KF and KBr 
respectively: [C.E.E.T. (Haryana) 2000] 

(a) CI 2 and Br 2 are evolved □ 

(b) O 2 is evolved □ 

(c) CI 2 , Br 2 and F 2 are evolved □ 

(d) none of the above □ 

^ 67. Iodine deficiency in diet is known to cause: 

(a) teri-beri □ (b) goitre □ 

(c) rickets □ (d) night blindness □ 

68 . Chlorine is mixed with drinking water so that: 

(a) bact eria a re killed (bX dirtJs reihov_ed_ □ 

(c) water is cleaned □ (d) sus|^nsion is removed □ 

69. Which of the following has the greatest reducing power? 

(a) HBr □ (b) HI □ 

(c) HQ □ (d) HF 0 

70. Concentrated HNO 3 reacts with iodine to give: ^ = 

(a) HI □ (b)HOI □ 

(c) HOIO 2 □ (d) HOIO 3 □ 


71. The correct order of increasing bond angles in the following 
species is : 

(a) Cl 20 <C 102 <C 102 □ (b) C 102 <Cl 20 <C 10 i □ 
(c) Ci 20 <C 10 J<C 102 □ (d) C 102 <Cl 20 <Ci 02 □ 

72. Which of the following is not a pseudohalide ion ? 


(a) SCN~ □ (b) OCN“ □ 

(c) 102 □ (d) CN“ □ 

73. The following acids have been arranged in order of 

decreasing acid strength. Identify the correct order: 

CIOH(I) BrOH(II) IOH(m) 

(a) I >n >in □ (b)i >i >in □ 

(c)ni>n>i □ (d)i >ni>n □ 

74 . The acid employed for etching of glass is: 

(a) H 2 SO 4 □ (b) Ha 04 □ 

(c) HF □. (d) aqua-regia □ 

75. Hydrogen fluoride is a liquid unlike other hydrogen halide, 
because: 

(a) H—F bond is strong □ 

(b) F-atom is small in size □ 

(c) Hydrogen bonding is |M‘esent □ 

(d) HF is a weak acid □ 

76. Hydrogen bromide is dried by passing the gas through: 

(a) quicklime □ 

(b) anhydrous calcium chloride □ 

(c) potassium hydroxide pellets □ 

- (d) cone. H 2 SO 4 □ 

77. Sea-weeds is source of: 

(a) fluorine □ (b) iodine □ 

(c) chlorine □ (d) bromine □ 

78. CIO 3 ion reacts with I 2 to form : 

(a) ao^ □ (b)ICland 02 □ 

(c) ICl and O 3 O (d) IO 3 and CI 2 □ 

[Hint : ClOi + I 2 -> 2IOi + Cy 
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79. 


80. 


81. 


82. 


Which of the following is a preparation of chlorine? 

(a) HCl acting on KMn 04 n (b) HCl acting on Na 202 □ 

(c) Electrolysis of brine □ (d) All of these □ 

The shape of O 2 F 2 is similar to : [A.I.I.M.S. 2004] 

(a) H 2 O 2 D (b) C 2 F 2 n 

(c)H 2 F 2 □ (d)C 2 H 2 □ 

Bleaching powder is obtained by the interaction of chlorine 
and: 

(a) dilute solution of Ca{OH )2 □ 

(b) concentrated solution of Ca(OH )2 □ 

(c) dry calcium oxide □ (d) dry slaked lime . □ 
Which amongst the following reactions cannot be used for 
the respective preparation? 


-^NaHS 04 + HCl 
-^Na 2 S 04 + HCl 
■4CaS04 + 2HF 


83 , 


84, 


85, 


86 , 


• -(a)- - (eonc;)- 

(b) NaCl + H 2 S 04 (conc.)- 

(c) NaeS 04 + NaCl- 

(d) CaF 2 + H2S04 
Which of the following possejsjses the „highest„ bond, energy? 

(a) F 2 □ (b) CI 2 . □ 

(c) Br 2 □ (d) I 2 □ 

Astatine is the element below iodine in the group VIIA of 
the periodic table. WTiich of the following statements is not 
true for astatine? 

(a) It is less electronegative than iodine □ 

(b) It will exhibit only -1 oxidation state □ 

(c) Intermolecular forces between the astatine molecules will 

be larger than between iodine molecules □ 

(d) It is composed of diatomic molecules □ 

Order of boiling point is : [0.P.M,T. 2005] 

(a) HF >HI >HBr>Ha ' □ 

(b) HF >HBr >HI >HC1 □ 

(c) HCl>HBr >HI >HF □ 

(d) HCl>HI >HBr>HF □ 

Halogens exist in -1 , +1 , +3» +5 and +7 oxidation states. 
The halogen that exists only in -1 oxidation state is : 

[EE.T, (Kerala) 2010] 



(a) I 

□ (b) Br 

□ 


(c) F 

□ (d)Cl 

□ 

87. 

Which of the foUowing 

is a pseudohalogen? 



(a) IF 7 

□ (b)(CN )2 

□ 


(c) IQa 

□ (d)l 3 

□ 

88 . 

Which of the foUowing polyhalides is not known? 



(aiaj 

□ (b) Brj 

□ 


(c) FJ 

□ (d)l 3 - 

□ 

89. 

The iodine atom in ICI 2 involves: 



(a) sp^d hybridization 

□ (b) sp^ hybridization 

□ 


(c) sp^ hybridization 

□ (d) sp^ hybridization 

□ 

90. 

When the vapours of chromyl chloride are passed through 
NaOH solution, it turns yeUow. This is due to formation of: 


(a) Na 2 Cr 207 

□ (b) Na 2 Cr 04 

□ 


(c) CrOs 

□ (d) H 2 Cr 04 

□ 


91, The structure of CIF 3 is: 

(a) pentagonal bipyramid □ (b) trigonal bipyramid □ 
(c) octahedral □ (d) tetrahedral □ 


92. The structure of IF 7 is: 

(a) trigonal bipyramid □ (b) octahedral □ 

(c) pentagonal bipyramid □ (d) tetrahedral □ 

93. Which of the following is the strongest acid? 

(a) HBr □ (b) HF □ 

(c) H 2 S □ (d) PH 3 □ 

94. Which of the following has the highest value of dipole 
moment? 

(a) HQ □ (b) HF □ 

(c)HI □ (d)HBr □ 

95. A radioactive halogen is: 

(a) polonium □ (b) radon □ 

(c) astatine □ (d) iodine □ 

Which of the following compounds contains^both chlorine— 
and fluorine? 

(a) teflon □ (b) bleaching powder □ 

(c) freon □ (d) oyolite ' □ 

97, Which is formed when K 2 Cr 207 , CaCl 2 and cone, H 2 SO 4 are 

heated? ^ ■ 

(a) Cr 2 (S 04)3 □ (b) C 1 CI 3 □ 

(c)Ci02a2 '□ (d)K2Cr04 □ 

98, Chlorine water on cooling de|K)sits greenish-yellow crystals 
of: 

(a) 02-2120 □ (b) CI 2 -H 2 O □ 

(c) CI 23 H 2 O □ (d) a 2 * 8 H 20 □ 


99. A white deposit forms over the bottles containing cone. HCl 
when kept for a long time in the laboratory. The white 
deposit is due to the formation of: 

(a) ammonium chloride □ (b) sodium chloride □ 

(c) sodium carbonate □ (d) calcium chloride □ 

100. Dry CI 2 reacts with dry SO 2 to form: 

(a) thienyl chloride □ (b) sulphuryl chloride □ 

(c) sulphur dichloride □ (d) sulphur monochloride □ 

101. Chlorine shows bleaching action in : [J.EJE. (Orissa) 2010] 

(a) dry conditions □ (b) presence of HCl only □ 

(c) moist conditions □ (d) none of these □ 

102. Which of the following statements is correct? 

1997J 

(a) All halogens form oxyacids □ 

(b) Only chlorine and bromine form oxyacids □ 

(c) All halogens except fluorine form oxyacids □ 

(d) Only iodine forms oxyacid □ 

KB. Which of the following statements is not correct when a 

mixture of NaCl and K 2 Cr 207 is gently warmed with cone, 

H2SO4? 

(a) A deep red vapour is evolve □ 

(b) The vapour when passed into NaOH solution gives a 

yellow solution of Na 2 Cr 04 □ 

(c) Chlorine gas is evolved □ 

(d) Chromyl chloride is formed □ 

194. Which of the following is correct about the reaction? 

3NaQO- > NaQ 03 + 2NaCl 

(a) It is a disproportionation reaction □ 

(b) Oxidation number of chlorine decreases as well as 

increases in this reaction □ 
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(c) This reaction is used for the manufacture of halates □ 

(d) All of the above □ 

105. On heating KCIO 3 we get: [C.PJVI.T. 1999] 

(a) KCIO 2 + O 2 □ (b) Ka +02 □ 

(c)KC 1 + 03 □ (d)KCl + 02 + 03 □ 

106, The correct order of thermal stability of hydrogen halides 

(H—X) is; [A.IJEJ:.E. 2005] 

(a) HI>HBr>HCl>HF □ (b) HF>HCl>HBr>HI □ 
(c) HCl>HF>HBr>HI □ (d) HI > HCl > HF > HBr □ 


107. The set with correct order of acidity is: 


[IJ.T. (S) 2001; 
C.B.S.E. 2007] 


(a) HClO <HCIO 2 <HCIO 3 <HCIO 4 □ 

(b) Ha 04 < HCIO 3 < HCIO 2 < HCIO □ 

--X-c) 1 HC 10 < HC 104 < HC 103 < HC 102 - " 

(d) HCIO 4 < HCIO 2 < HCIO 3 < HCIO □ 

108. The reaction, 

3C10"(a?.)-> C10i(ag.) + 2Cr{aq.) 

is an example of: [I.I.T. (S) 2001] 

(a) oxidation reaction □ (b) reduction reaction □ 

(c) disproportionation □ 

(d) decomposition reaction □ 

109. Hydrogen bond is strongest in: {B.V. (Pune) 2002] 

(a) F—H—O □ (b) F—H—N □ 

(c) F—^H—F □ (d) all are equally strong □ 

110. Which of the following has highest bond strength? 

[C.E.E. (Bihar) 2002] 
(a) HI □ (b) HCl □ 

(c) HF □ (d) HBr □ 

111. Aqueous solution of Na 2 S 203 on reaction with CI 2 gives; 

[LIT. 2008] 


(a)Na2S406 □ (b) NaHS04 □ 

(c)Naa □ (d)NaOH □ 

[Hint : Na2S203 + 4Cl2 + 51^0 —^ 2NaHS04 + 8HCI] 

112. Shape and hybridisation of IF 5 respectively are: 

[J-EJ:. (Orissa) 2008] 

(a) trigonal bipyramidal, sp d □ 

(b) see-saw, sp^d □ 

(c) square pyramidal, sp^d^ □ 

(d) pentagonal pyramidal, sp^d^ □ 

113. Na 2 S 203 is reduced by I 2 to: [J.EJE. (Orissa) 2008] 

(a) Na 2 S □ (b) Na 2 S 04 □ 

(c)NaHS 03 □ (d)Na 2 S 406 □ 

114 The_o;ddatiQn states of iodineJn ffl 04 ,_^H 3 l 0^5 

are respectively: [A.LLM.S. 2008] 

(a) -f 1, +3, +7 □ (b) +7, +7, +3 □ 

(c) +7,+7,+7 d (d) +7,4-5,+3 0 

115, The electron affinity values (in kJ moF^) of three halogens 

Z, F and Z are respectively -349, -333 and -325. X, Y and ^^" 
respectively are: [D*CJE. (Engg,) 2008] 

(a) F 2 , CI 2 , Br 2 □ (b) CI 2 , F 2 and Br 2 □ ' 

(c) Cl 2 ,Br 2 ,F 2 □ (d)Br 2 ,Cl 2 andF 2 □ 

116. Which one of the following reactions does not occur? 

[EAM.CM.% (Engg.) 2008] 


(a)F 2 + 2Cr— 

-^2F^ + Cl2 

□ 

(b)Cl2 + 2I^— 

-A2Cr + F2 

□ 

(c)Br 2 + 2r— 

->2Br+i2 

□ 

(d)a2 + 2Br'- 

-^2Cr + Br2 

□ 


Set n: This set contains questions with two or more correct answers. 

117. Which of the following halogens tum(s) starch iodine paper (d) HQO 4 > HQO 3 > HQO 2 > HQO □ 

blue? 124. The halogens, which are not attacked by cone. HNO 3 , are: 

(a) 02 □ (b)Br 2 □ (a) F 2 □ (b) CI 2 □ 

(c)l2 □ (d)F2 n' (c)Br2 □ (d)l2 □ 


118. Select triangular planar species among the following: 


(a)aoi □ □ 

(c) CH| □ (d) aoS □ 

119. Iodine reacts with hypo to give: 

(a)NaI □ (b)Na 2 S 03 □ 

(c)Na2S406 □ (d)Na 2 S 04 □ 

120. Which of the following salts will evolve halogen on 
treatment with cone. H 2 SO 4 ? 

(a) □ (b) Caa 2 □ 

(c) NaBr □ (d) KI □ 

121. Electrolysis of aqueous solution of Brine (NaCl) gives: 

(a) 02 □ (b) H 2 □ 

(c) NaOH □ (d) none of these □ 

122. O 2 reacts with hot aqueous NaOH to give: * 

(a)NaO □ {b)NaO 03 □ 

(c)NaO 02 □ (d)NaO 04 - □ 

123. Select the correct order of acidity: 

(a) HI > HBr > HO > HF □ 

(b) HOO 4 > HBr 04 > HIO 4 □ 

(c) HOO < HBiO < HIO □ 


125. Which of the following are pseudohalide ions? 

(a) CNO“ □ (b) OCN" □ 

{c)RCXXr □ (d)NJ □ 

126. WTdeh one of the following arrangements traely represent 
the property indicated against it? 

(a) Br 2 < CI 2 < F 2 bond energy □ 

(b) Br 2 < CI 2 < F 2 electronegativity □ 

(c) Br 2 < Q 2 < F 2 oxidising power □ 

(d) Br 2 < CI 2 < F 2 electron affinity □ 

127. Which one of the following arrangements does not give the 
correct picture of the trends indicated against it? 

2008] 

(a) F 2 > CI 2 > Br 2 > I 2 ‘ Bond dissociation energy □ 

(b) F 2 > CI 2 > Br 2 > I 2 ‘ Electronegativity □ 

(c) F 2 > CI 2 > Br 2 > I 2 : Oxidising nature □ 

(d) F 2 > CI 2 > Br 2 > I 2 : Electron gain enthalpy □ 

[EUnt : CI 2 > Br 2 > F 2 > I 2 : 

Bond dissociation energy 

CI 2 > F 2 > Br 2 > I 2 : ^correct trends] 

Electron gain enthalpy 
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A greenish yeUow gas reacts with an alkali metal hydroxide 
to form a haiate which can be used in fireworks and safety 
matches. The gas and the haiate are : 

(a) Br2,KBi03 (b) Cl2,Ka03 

(c) l2,NaI03 (d)l2,KI03 

[Hint : The haiate used in fireworks and safety matches is KCIO 3 . 

Thus, the gas is CI 2 . 

3 CI 2 +6KOH->KC103+5KC1 + 3H20] 

Greenish 
yellow gas 

When chlorine water is added to an aqueous solution of 
sodium iodide in the presence of chloroform, a violet 
colouration is obtained. On adding more of chlorine water 
and vigorous shaking, the violet colour disappears. This 


Mn02 + K 2 C 03 + -O 2 

Black ^ 

(Air) 

2K2Mn04+Cl2 


^K2Mn04 + C 02 
Green 

^ 2 iaSln 04 + 2KCl ] 

Pink 


4. Euchlorine is: 

(a) obtained by heating perchlorate with cone. HCl 

(b) a chloride of europium 

(c) a mixture of CI2 and CI2O7 

(d) a mixture of CI2 and CIO2 

[Hint : When KCIO3 is heated with cone. HCl, a mixture of CI2 
and CIO 2 is formed. This mixture is known as euchlorine, 
2KCIO3 + 4 HC 1 -^ 2 KC 1 + 2CIO2 + CI2 + 2H2O] 

5 . Which is incorrectly matched ? 


shows the conversion of.. into. 

(a) l2,HI03 (b)l2,HI 

(c)HI,HI 03 (d)l2,fflO 

[Hint : CI2 + 2 NaI-> 2 NaCl + I2 

(Violet colouration in chloroform) 

5CI2 + 6H2O +12-^ 2HIO3 + lOHCl ] 

Colourless 

For (A) + K2CO3 + air .—.> (B) 

(B) + Cl2-^ (Qpink 

Which of the following is correct ? 

(a) (A) is black, MnOj; (B) is blue, K2Mn04 and (Q is pink, 
KMn04 

(b) (A) is green, Cr203; (B) is yellow, K2Cr04 and (Q is pink, 
K2Cr207 

(c) (A) is black, Mn02; (B) is green, K2Mn04 and (Q is pink, 
KMn04 

(d) (A) is black, BijOj; (B) is colourless, KBi02 and (Q is 
pink,KBi03 


(a) CsBr3 Cs* + Brj Cs* + Br“ + Brj 

(b) 1409 ^ 13 -^ + 3 ( 103 )- 

(c) AgBr03 Ag-*- + BrOi 

(d) l 204 ^I 0 j + I0i 
[Hint : I204^r- + I04] 

6. A certain compound (X) when treated with copper sulphate 
solution yields a brown precipitate. On adding hypo solution, 
the precipitate turns white. The compound is : 


Cs”" + Br^ + Br 2 


^3-^+ 3 ( 103 )- 


(a) K2CO3 
(c) KBr 

[Hint : CUSO4 -h 2KI • 
2 Cul 2 - 

I 2 + 2 Na 2 S 203 • 


(b)KI . 

(d) K3PO4 

> CUI 2 + K 2 SO 4 ; 

> CU 2 I 2 I 2 » 

White Brown 

> Na2S406 + 2NaI ] 

Colourless 


7 . The products of the chemical reaction between Na2S203, CI2 
and H2O are : 
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(a) S, HCl, Na 2 S 04 (b) S, HCl, NaaS 

(c) S, HCl, Na 2 S 03 (d) S, NaClOa 

[Hint j Na2S203 + H2O 4 * CI2-^ Na2S04 + S + 2 HC 1 ] 

8 , Fluorine on reaction with gives (A) and on reaction 

with KHSO 4 gives (B). (A) and (B) are : 

(a) KI 04 ,K 2 S 203 (b)KI,F 20 

(c) HF,K 2 S 208 (d)l 2 ,K 2 S 208 

[Hint ; KlOa + F2 + H2O-^ KIO4 + H2F2; 

2KHSO4 + F2-> K2S20g + 2HF] 

9. KCIO 3 on reaction with SO 2 gives (A) and on reaction with 
cone. H 2 SO 4 gives (B). (A) and (B) are : 

(a) KCl,Ha 04 (b) ci 2 ,ao 2 

(c) Ka,Hao 3 (d) a 2 ,HCi 04 

[Hint : KClOa + 3SO2 + 3H2OKa^ 3 H 2 S^^^ 


12. HCIO 4 + P 2 O 5 ->(A) + (B) 

(A) and (B) are : 

(a) HC 103 ,H 3 P 04 

(c) C 102 ,H 3 P 04 

[Mnt : 2 HCIO 4 H- P 2 O 5 —^ ( 

13. AgC103 + (A)- HB] 


3KCIO3 + 3H2S04~ 
2HCIO3 
HCIQ3 4 - Q 

3KCIO3 + 3H2SO4- 


Br 2 +OH“ 

Hot 

(A) + (^) + H^ 


3KHSO4 + 3HCIO3 
^ 2 CIO 2 + H 2 O 4 - O 
—» HCIQ4 

3KHSO4 + 2CIO2 + HCIO4 + H2O 

,--— <2 - 

Products 

<A) + (B) 


(A) gives yellow precipitate with AgNOa. (A) and (B) are : 
(a) Br“ BiO^ (b) Br“ B 1 O 3 

(c) BiO'BrOJ (d) BrO'3rOJ 


3Br2 4-60H" 


5Br”+ Br0J + 3H20 
<^) {B) 


5Br + BrOa + 6H^-> 3Br2 4- 3 H 2 O ] 

11. 10 g of bleaching powder on reaction with KI required 50 mL 
of 2N hypo solution. Thus, % of bleaching powder is : 

(a) 100 (b) 80 

(c) 63.5 (d) 35.5 

[EKnt : 50 mL 2N hypo soln. = 50 mL 2N I 2 soln, 

s 50 mL 2N CI 2 soln. s 50 mL 2N CaOCl 2 soln. 

= 6,35 g CaOCl2 

%^xl 00 = 63J ] 


(b) Cl206,HP03 
(d) Cl207,HP03 
—^ CI 2 O 7 4 - 2 HPO 3 ] 

■{B) + (Q + (D) 


Mn02 + HCl-1 

Cone. 

The substances (A), (B), (Q and (D) are : 

(a) Cl 2 ,AgCl, CIO 2,02 (b) CI 2 , Ag, Cl 20 ^, O 2 / 

(c) H2, AgCl, H2O, O2 (d) HCIO, AgCl, CI2O, O2 


[Hint: 2AgC1034-Cl2~ 
W 


^2AgCl + 2a02+ O 2 X 

-ecr- in) 


14. Select the correct statement(s) : 

(a) CI 2 O and CIO 2 are used as bleaching agents and as 
germicides 

(b) CIO 2 is the anhydride of HCIO 2 and HCIO 3 

(c) I 2 O 5 is used in the quantitative estimation of CO 

(d) All of the above are correct 

[Hint : 2 CIO 2 + H 2 O-> Ha 02 + HCIO 3 

I 2 O 5 + 5CO-^ I 2 + 5 CO 2 ] 

15. Which one of the following represents the reaction between 
fluorine and cold NaOH (dil) ? 

(a) 2 F 2 4 - 4 NaOH-> 4NaF + 2 H 2 O + O 2 

(b) 3 F 2 + 6NaOH-> 5NaF + NaF 03 + 3 H 2 O 

(c) F 2 -h 2 NaOH-^ NaF + NaOF + H 2 O 

(d) 2 F 2 -h 2 NaOH-> 2 NaF + 0 F 2 4-H20 

16. Which one of the following pairs of reactants does not form 
oxygen when they react with each other ? 

(a) F 2 , NaOH solution (hot, cone.) 

(b) F 2 >H 20 

(c) CI 2 , NaOH solution (cold, dilute) 

(d) CaOCl 2 , H 2 SO 4 (dilute, small amount) 

[Hint : (a) 2 F 2 + 4NaOH-> 4NaF + 2 H 2 O + O 2 


(Hot, cone.) 

2 F 2 + 2 H 2 O - 
CI2 + 2NaOH - 
2CaOCl2 + H2SO4- 


4HF + O2 

NaCl + NaClO + H2O 
CaCla 4- CaS04 + 2HC1 + C^] 


[i 



5 . (d) 6. (b) 7. (a) 8. (c) !>. (a) 10. (b) 11, (c) 12. (d) 
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I Assertion-Reason Type Questions 


The following questions consist of two statements each, 
printed as Assertion (A) and Reason (R). While answering these 
questions, you are r^uired to choose any one of the following 
responses: 

(a) If both (A) and (R) are true and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A)- 

(c) If (A) is trae but (R) is false. 

(d) If (A) is-false but (R) 4 s true- 

(e) If both the (A) and (R) are false. 

1 . (A) HCIO4 is a stronger acid than HCIO3. 

(R) Oxidation state of chlorine in HCIO4 is +7 and in HCIO3; 
it is+ 5 . 

2 * (A) The bond between F—is stronger than between 

a—a. 

(R) Atomic size of F is smaller than that of CL 
3 * (A) Iodine displaces chlorine from KCIO3. 

(R) Iodine is stronger oxidising agent than chlorine. 


4 . (A) AH the halogens are coloured. 

(R) Halogen molecules absorb some wavelengths of visible 
light and the electrons are promoted to higher energy 
molecular orbitals. 

5 . (A) Fluorine does not show oxidation number greater than 

zero. 

(K) The halogens chlorine, bromine and iodine can show 
positive oxidation states of + 1 , + 3 , +5 and + 7 . 

6. (A) The boiling point ofHF is maximum among the hydmcids 

^ of halog ens. ________ 

(R) The high boiling point of HF is due to H-bonding on 
account of high electonegativity of fluorine. 

7 . (A) Fluorine forms a salt of an oxyacid when treated with 

NaOH solution. 

(R) Fluorine can be prepared by passing chlorine throyglL 
sodium fluoride solution. 

8* (A) Halogens do not directly combine with oxygen. However, 
oxides are obtained indirecdy. 

(R) The oxides of fluorine form oxyacids with water. 



1, (b) 2, (d) 3. (c) 4(a) 5/(b) 6. (a) 7. (e) 8. (c) 



THOUGHT TYPE QUESTIONS 


THOUGHT 1 

Bleaching powder is a mixed salt of hydrochloric acid and 
hypochlorous acid. It has the formula, Ca0Cl2*H20. It is 
manufactured by the action of chlorine on dry slaked lime at 
40 °C. There is also a view that bleaching powder is a mixture of 
calcium hypochlorite and basic calcium chloride [Ca((X]l)2 + 
CaCl2Ca(0H)2H20]. 

The amount of chlorine obtained from a sample of bleaching 
powder by the treatment with excess of dilute adds or CO2 is 
called available chlorine. A good sample of bleaching powder 
contains 35 - 38 % of available chlorine. On long standing, it 
undergoes auto-oxidation and the amount of available chlorine 
decreases. 

The estimation of available chlorine is done volumetrically by 

(a) iodometric method or by (b) arsenite method. 

In textile industry, die cotton cloth is mainly bleached with the 
help of bleaching powder. 

1 . Maximum percentage of available chlorine on the basis of 
CaOCl2*H20 formula is: 

Xa) 35 .... <b )40 — 

(c) 45 (d )49 


2 . 


3 . 


[Hint: CaOCl2 H2O->Cl2 

145 71 

% 100 = 49] 

145 

The percentage of available chlorine in commercial samples 
of bleaching powder is usually between 33 - 38 %. The low 
value is due 10 : 

(a) incomplete reaction between slaked lime and CI2 during 
its formation 

(b) impurities present in the original slaked lime 

(c) decomposition of bleaching powder when kept in air 

(d) all of the above 

3.55 g of bleaching powder when treated with acetic acid and 
excess of KI liberated iodine which required 60 mL of 0.5 N 
sodium thiosulphate solution. The percentage of available 
chlorine in the sample is : 

(a) mo (b) 25.0 

(c) 20.0 (d) 35.0 

[Hint : 60 mL 0.5 N Na 2 S 203 soln. h 60 mL 0.5 N I 2 soln. 

H 60 mL 0.5 N 'CI 2 soln. 


% available CI 2 = 


60x0.5x355 


X100 = 30] 


1000 x 355 
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4. On long standing, the bitching powder undergoes auto- 
oxidation. The products formed are : 

(a) calcium chloride only 

(b) calcium chlorate only 

(c) calcium chloride and calcium chlorate 

(d) calcium chloride and calcium chlorite 
[Hint : ^aOCl2 —^ SCaCla + CaCaOg)^ 

5. The chemical name of bleaching powder is : 

(a) calcium hypochlorite 

(b) calcium chlorohypochlorite 

(c) calcium chlorate 

(d) calcium perchlorate 

TMQUGH1L2 

A salt (A) when heated with K 2 Cr 207 and cone. H 2 SO 4 liberates 
a gas which is absorbed in NaOH solution. The NaOH solution 
turns yellow. When this solution is acidified with acetic acid and 
lead acetate solution is added, a yellow precipitate (B) is formed. 

(A) is mixed with Mn 02 and heated with cone. H 2 SO 4 when a 
gas (Q is evolved which turns starch-iodide paper blue. 

!• The acidic radical present in the salt (A) is : 

(a) NOi (b) a“ 

(c) s^- (d) r 

2. The compound formed, which turns NaOH solution yellow, 
is: 

(a) Na 2 Cr 207 (b) Na 2 S 

(c) Nal (d) Na 2 Ci 04 

3, What is the colour of gas which is evolved when salt (A) is 
heated with Mn 02 and H 2 SO 4 ? 

(a) violet (b) brown 

(c) greenish yellow (d) colourless 

THOUGHT 3 

Halogens react with each other to form a number of compounds 
called interhalogen compounds. Their general formula is AX^; 
where A is less electronegative halogen while X is a more 
electronegative halogen and n is its number. The interhalogen 
compounds are essentially covalent and more reactive than the 
halogens since the bond A—X is weaker ihm A —A or X—^X bond. 
The reactions of interhalogens are similar to those of halogens. 

1. Which of the following interhalogen compounds is not 
possible ? 


(a) IF 7 (b) IF 5 

(c) CIF 3 (d) FCI 3 

2* Which halogen shows maximum oxidation state in forming 
interhalogen compound ? 

(a) I (b) Br 

(c) Cl (d) F 

3. How many lone pairs of electrons are present on chlorine in 
CIF 3 molecule ? 

(a) 0 (b) 1 • 

(c) 2 (d) 3 

4. Which of the following statements is wrong for* inter- 
halogen ? 

(a) The value of n in AX„ (interhalogen) can be 1, 3, 5 or 7 

(b) -The value”Oftim-AX;^”(interhaiogen) xan be 2^^^^ 

(c) A can never be fluorine as it is most electronegative 
halogen 

(d) X can never be iodine as it is least electronegative 
halogen 


THOUGHT 4 

Fluorine, the first member of group 17, differs from the other 
members of the group in many respects due to following reasons: 

(i) Its size is very small 

(ii) It has very high electronegativity 

(iii) It dc^s not have vacant d-orbitals in the valence sheU 

(iv) Its dissociation energy in the molecular form (X 2 ) is the 
least 

1. Which member of the group 17 does not show positive 
oxidation state? 

(a) Iodine (b) Bromine 

(c) Chlorine (d) Fluorine 

2. Which has the maximum molar enthalpy of vaporisation? 

(a) HF (b) HQ 

(c) HBr (d) HI 

3. Which of the following bonds is the strongest? 

(a) F—F (b) Cl—Cl 

(c) Br—Br (d) I—I 

4. Which halogen does not form any oxyacid? 

(a) Iodine (b) Bromine 

(c) Chlorine (d) Fluorine 

5. The most basic among the following is: 

(a) Cr (b) Br“ 

(c) F" (d) r 


1 


Thought 1 

l.(d) 

2 .(d) 

3. (a) 

4.(c) 

5.(b) 

Thought 2 

l.(b) 

2 .(d) 

3.(c) 



Thought 3 

l.(d) 

2 . (a) 

3.(c) 

4.(b) 


Thought 4 

1 . (d) 

2 . (a) 

3. (b) 

4(d) 

5.(c) 
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The answer to each of the folhwing questions is a single 
digit integer^ ranging from 0 to 9. 

1. Sodium iodate is treated with calculated amount of sodium 
bisulphite to prepare iodine. How many moles of sodium 
bisulphite required to prepare one mole of iodine from sodium 
iodate? 

2. In the molecule ICI 3 , how many lone pairs of electrons are^ 
associated with iodine? 

3» In the known interhalogen compounds AB;j, what is maximum 

. . 
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4. In a given sample of bleaching powder, die percentage 
chlorine is 49. The volume in litres of chlorine obtained if 
20g of the sample is treated with HCl at NTP is : 

5. What is the oxidation ‘’state of iodine in HsIOg? 

6 . How many orbitals are involved in the hybridisation of iodine 
inIFs? 

7. Chlorine water on cooling deposits greenish yellow crystals 
of formula Cl 2 ’XH 20 . What is the value of X? 
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The Elements of 18 or Zero Group 

(Inert Gases orNoble Gases), 

mil POSITION IN THE PERIODIC TABLE 

The zero or 18th group consists of seven elements; helium, neon, argon, krypton, 
xenon, radon and ununoctium. The zero group was unknown when Mendeleev 
presented the periodic table and has been inserted in the table only at a later 
stage. The existence of such a group may be natumlly expected from the fact 
that there must be an inert group as transition when we go from highly 
electronegative elements (halogens) to highly electropositive elements (alkali 
metals). Thus, zero group occupies the intermediate position between the 
elaments of VIIA (17th) and lA (1st) groups. . • 

The members of zero group are the end members of respective periods of 
the periodic table. Helium is the end member‘of first period, neon the end 
member of second period, argon the end member of third period and so on. This 
is the only group of the periodic table, all members of which are gases and 
chemically inactive under ordinary conditions. On account of this, these are 
collectively called as inactive gases or inert gases. However, these are now 
called noble g^s as some compounds of these gases have been obtained under 
certain specific conditions, i.e., they do show some chemical activity under 
special conditions. They are also termed as zerovalent elements because they 
show zero valency due to chemical inertness. On account of zerb valency, the 
group to which these elements belong is termed as zero group. 


VHA (Hal^ens) 
ELcK^negative elements 

Zero group 

lA (Alkali metals) 
Electropositive metals 

H (1) 

He (2) 

li (3) 

F (9) 

Ne (10) 

Na (11) 

a (17) 

Ar (18) 

K (19) 

Br (35) 

Kr (36) 

Rb (37) 

I (53) 

Xe (54) 

Cs (55) 

At (85) 

Rn (86) 

Fr (87) 


Except last two members radon and ununoctium which are radioactive, all 
other members are present in atmosphere in very minute quantities. Thus, these 
are termed as rare gases of atmosphere. 
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The chemical inertness of these elements is due to the following reasons: 

(i) Stable electronic configuration : All of these, except helium, have the highly stable configuration in the outer 
(valency) shell Helium has the stable is configuration. 

9 fi 

On account of highly stable s p configuration in the valency shell, these elements have no tendency either to lose, gain or 
share electrons with the atoms of other elements, Le., their combining capacity or valency is zero. These elements are, thus, 
chemically inert. 

(ii) All the orbitals in the atoms of these elements are doubly occupied, Le., electrons are not available for sharing. Hence, 
these elements cannot form covalent compounds. 

(iii) The ionisation enthalpies of these elements are very high. Hence, the atoms of these elements have no tendency to lose 
electron from the outermost shell as to form cation. 

(iv) The electron gain enthalpy values of these elements are positive. Hence, the atoms of these elements have no tendency 
to accept electrons, Le,, to form anions. 





Configuration of 

Element 

At No. 

Electronic configuration 

outer-shell 

He 

2 

2 



Ne 

10 

2 , 8 

ishp^ 

2shp^ 

-^Ar 

18 


._ = .. 

. 

Kr 

36 

2 , 8, 18, 8 

1 /. 2.V. 4.V 

4.^4p^ 

Xe 

54 

2 , 8, 18, 18, 8 

l/, SsHp^ 


Rn 

86 

2 , 8, 18, 32, 18, 8 

2shp^, 2,shp^3d'°, 45^4p®4rf‘°4/‘^ Sshp^Sd'^, 6s^6p^ 

6s^6p^ 

Uuo"^ 

118 

2,8,18,32,32,18,8 

3shpHd^°, 4s^4p^4d^°4f\ 6?6p^6d^°, Is^p^ 

Is^lp^ .. 


Besides similar electronic configuration and chemical inert- 
ness, the following points justify the inclusion of these elements 
in the same group of the periodic table. A gradation in the 
properties is also observed with the increase of atomic number. 

(i) They are all colourless, odourless and tasteless gases. 

(ii) These gases do not bum and also do not help in burning. 

(iii) All are mono-atomic in nature as they have no combining 

Cp 

capacity. The specific heat ratio, Le,, for all the inert gases 

has been found to be 1.66 (theoretical value for mono-atomic 
character). 

Mono-atomic character was also proved by bond order 
data, bond order of the molecules like He 2 , Ne 2 was calculated 
to be zero, e.g., 

He 2 : Four electron system; its molecular orbital configuration 
is 

(olif (als)^ 

1 

Bond order = ~ [Number of bonding electrons - Number of 

antibonding electrons] 

= |[ 2 - 2 ] = 0 ;. 

zero bond order proves mono-atomic character. 

(iv) All have low values of melting and foiling points* 
These values increase gradually as the atomic number increases. 


Element 

He 

Ne 

Ar 

. Kr 

Xe 

Rn 

Melting point (K) 

1 

24.6 

83.8 

115.9 

161.3 

202 

Boiling point (K) 

4.2 

27.1 

87.2 

119.7 

165 

211 


Amongst the known elements, helium has got the lowest 
melting and boiling points. The low melting and boiling points 
of these gases are due to weak inter-molecular forces of 
attraction in these cases. The weak intermolecular forces, 
however, increase with increase of atomic mass from He to Rn 
and therefore, the melting and boiling points increase 
gradually. 

(v) In a period of representative elements, it is observed that 
atomic radius decreases as the atomic number increases from 
1st group to 17th group. However, the radii values of noble 
gases which come after the elements of group 17th are 
exceptionally high. This is due to the fact that in the case of 
noble gases, the atomic radii correspond to van der Waals’ radii 
which are always larger than covalent radii, van der Waals’ 
radii of noble gases increase gradually from He to Rn. This is 
due to addition of new energy shell from member to member. 

Eiement He Ne At Kr Xe 

van der Waals’ radius (pm) 120 160 191 200 220 

(vi) All have high values of ionisation enthalpies. However, 
these values decrease from He to Rn. However, the ionisation 
enthalpy of the inert gas is highest amongst the members of the 
same period. 

Element He Ne Ar Kr Xe Rn 

First ionisation 2372 2080 1520 1351 1170 1037 

enthalpy (kJ moF^ 


^Recently discovered. It is synthetic, radioactive and unstable element. Not much is known about its properties. 
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(vii) These gases are sparingly soluble in water (8 to 40 mL 
per litre at 25^C). The solubility, in general, increases with 
increasing atomic number. 

(viii) Except helium, these gases can be adsorbed by coconut 
charcoal at suitable temperatures. 

(ix) These gases give a characteristic spectra by which they 
can be easily identified. 

(x) These gases have fairly high electrical conductivity. 
They produce characteristic coloured lights when an electrical 
discharge is passed through them at low pressure, 

(xi) These gases are relatively difficult to be liquefied as 
very weak van der Waals’ forces of attraction exist in these 
gases. How ever, theJiquefaciion becomes easier from He to 
Xe as forces increase gradually. 

nm OCCURRENCE 

The noble gases (except radon) always occur in the free state. 
The chief sources are; 

1. Air : It is the most important source for the first five 
gases. They form about 1% by volume of the air. Ai^on is the 
principal constituent and others are present in minute quantities. 
The percentage by volume of various elements is as given: 

Helium 5.24 x Neon 1.82 x 10'^ 

Argon 9.34 x 10~’ Krypton 1.45 x 10“^ 

Xenon 8.70 x 10“® 

2. Natural gas : The natural gas found in certain parts of 
America and Canada contains 2 to 7% helium. At present, most 
of the helium is obtained from this source. 

3. Spring water : The water of certain springs has been 
found to contain dissolved helium, argon and neon in very 
small amounts. 

4. Radioactive minerals : Radioactive minerals such as 
monazite, clevite, pitchblende and uranite contain considerable 
amounts of helium. The gas is produced as the result of 
radioactive disintegration of uranium and thorium present in 
the minerals but instead of escaping, it is retained by minerals 
probably in a state of solid solution. The gas is obtained when 
these minerals are either heated at 100(FC in vacuum or heated 
with sulphuric acid. 

13.a HISTORY OF THE DISCOVERY 
OF NOBLE GASES 

The credit for the discovery of inert gases goes to William 
Ramsay and his co-workers. 

m Discovery of argon 

In 1785, the English chemist, Henry Cavendish performed 
an experiment by passing electric discharge through a mixture 
of purified air (dry) and excess of oxygen. Nitrogen was thus 
converted into corresponding oxides. 


^ Electric 

Na + O 2 -> 2NO 

discharge ' “ 

2NO + O 2 -> 2 NO 2 

The oxides of nitrogen and unused oxygen were removed 
by the use of caustic potash and alkaline pyrogallol solutions, 
respectively. Cavendish observed that a small volume of the 
gas which was about 1/120 part of the original air, was left. 

It was neither nitrogen nor oxygen. Cavendish, however, could 
not draw any conclusion regarding the nature of the residual 
gas. This experiment was not given any importance for about 
109 years. 

In the years 1893- 94, L ord RayMglLJwhile working_oa^ 
accurate determination of densities of gases obtained nitrogen 
from two sources. The nitrogen obtained from the atmosphere 
was found to be heavier in comparison to the nitrogen obtained 
by heating a mixture of ammonium compound {NH 4 CI) and 
sodium, nitrite. The actual values were found to be l:25ff" 
g/L for atmospheric nitrogen and 1.2505 g/L for chemical 
nitrogen. Rayleigh repeated his experiments several times and 
each time he found the same difference. He, thus, concluded 
that the nitrogen, obtained from the atmosphere must contain 
some gas or gases which are heavier than nitrogen. 

Rayleigh discussed the problem with Ramsay. Both took up 
the investigations to prove that a heavier gas was present in 
atmospheric nitrogen. Two methods were used for the pre¬ 
paration of the new gas: 

(i) Ramsay method : This consisted of passing air over 
hot copper and heated magnesium to remove oxygen and 
nitrogen, respectively. 

Air-> heated copper-> heated magnesium-> residue 

2Cu + O 2 -> 2CuO.; 3Mg + N 2 -> Mg 3 N 2 

The vapour density of the residue was determined and found 
to be 20 . 

(ii) Rayleigh mettiod : Cavendish experiment was repeat¬ 
ed. A mixture of air and oxygen was taken and an electric 
discharge of 6000-8000 volts was passed. After the removal 
of oxides of nitrogen and unreacted oxygen, the vapour density 
of the residual gas was determined and it also came to 20 . 

N 2 + O 2 -> 2N0 

2 NO + O 2 -> 2 N 02 

2 NO 2 + 2NaOH-> NaN 02 + NaN 03 + H 2 O 

Oxygen 4- Aik. pyrogallol -> Oxygen absorbed 

The gas was examined spectroscopically and the spectrum 
proved that this was an unknown gas. The gas was found to 
be chemically inert. The new gas was named argon (Greek : 
argos, lazy or inert). Later on, it was found that it was not a 
single gas but a mixture of many gases. 

m Discovery of Helium 

On August 18, 1868, there occurred a total solar eclipse in 
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India. The sun’s chromosphere was studied for the first time 
spectroscopically. Jannsen observed a new bright line in 
the yellow region of the sun’s spectrum which did not coincide 
with the two known lines D| and D 2 due to sodium. He named 
the new line D 3 . Frankland and Lockyer pointed out that 
new D 3 line was due to a new element which did not occur 
on earth but only existed in the sun’s chromosphere. They, 
therefore, named it Helium (Greek; helios means sun). 

Hillebrand^ in 1888, observed that a uranium mineral, clevite, 
on treatment with dilute sulphuric acid gave out a gas Which 
he thought to be nitrogen as it was chemically inert. Ramsay 
repeated this experiment and examined the evolved gas spectro- 
scopic^y. The spectrum it was 

analysed by Crookes. He confirmed that the spectrum besides 
other lines contained D 3 line in the yellow region which was 
similar to D 3 line observed in the sun’s spectrum. Ramsay 
was, thus, first to find helium on the earth. Its vapour density 
was determined and it was found to be 2. It was also completely 
chemically inactive like argon. 

m Discovery of other Inert gases 

A new group, ie., zero group was introduced in the periodic 
table to accommodate argon and helium. Argon was placed 
before potassium and helium was given position before lithium. 
Ramsay and Travers, thus, predicted that there must be an 
element before sodium also as to fill the position between 
helium and argon in the zero group. They further said that 
atmosphere might be the place where the new element could 
be searched. 

Ramsay and Travers isolated about 16 litres of argon from 
atmosphere which now they began to suspect to be a mixture 
of a numter of gases and they liquefied it. The liquid was then 
subjected to careful fractional evaporation under different 
reduced pressures. Each fraction was examined spectros¬ 
copically. From the first fraction, they isolated a new element 
which gave a number of red lines in the spectrum. It was 
named neon (meaning new). From the final fraction they isolated 
two new elements krypton (meaning hidden one) and xenon 
(meaning stranger) which gave new spectral lines in the 
spectrum. 

The sixth memter of the family, radon, was discovered in 
1902 amongst the radioactive disintegration products of radium 
and other isotopes found in thorium and actinium radioactive 
series. 

^gg Ra-^^ ^36 Rn (Uranium series) 

^ggRa^^ ^ggRn (Thorium series) 

^ggRa—^ ^||Rn (Actinium series) 

[The isotope g^Rn is also called thoron and the isotope 
^ggRn, actinon.] This discovery was announced by Dom but 
Ramsay had also made similar observations simultaneously. 


The last member of the family, ununoctium (118) has been 
recently discovered. Only three atoms of the new element with 
an average lifetime of 0.9 milliseconds have been produced so 
far. Scientists bombard^ californium with calcium ions beam 
for many months. 

ISOLATION OF NOBLE GASES FROM 
THE ATMOSPHERE 


Two methods are used for the separation of noble gases from 
the atmosphere. These are: 

(i) Chemico-physical method 

(ii) Physical method. 

ii (i) Chemico-physical method 

This involves the use of some chemical reagents for. the 
removal of nitrogen and oxygen of the air and a physical 
method for the separation of individual noble gases from Jhe 
gaseous mixture of five noble gases He, Ne, Ar, Kr and Xe. 
There are three chemical methods for the isolation of a mixture 
of all the noble gases from the atmospheric air. These methods 
ate; 

(a) Ramsay and Rayleigh’s first method. 

(b) Ramsay and Rayleigh’s second method. 

(c) Modem method—Fisher and Ringe’s method. 

The first two methods are of historical importance only and 
are not used these days (already dealt in the discovery of 
argon). 


^ Fisher and Ringe’s method 

This is the modem method for the large scale production of 
noble gases. Air free from moisture is circulated through an 
iron retort containing 90 parts of calcium carbide (CaC 2 ) and 
10 parts of anhydrous calcium chloride (CaCy kept at 8(X)°C. 
Both oxygen and nitrogen are removed according to the following 
equations. 

CaC2 ’+■ N 2 -^ CaGN2 + C 

Calcium cyanamide 

2C + O2-> 2 CO 

2 CO + O2-^ 2CO2 

C + O 2 -> CO 2 

Some of the CO 2 combines with calcium carbide. 

2CaC2 + 3 CO 2 -> 2CaC03 + 5C 

The mixture of gases containing CO, CO 2 and noble gases 
is passed over heated cupric oxide (CuO) when CO is oxidised 
to CO 2 . The CO 2 is absort^ by caustic potash solution when 
the gaseous mixture is passed through it, 

CO + CuO-> CO 2 + Cu 

2KOH + CO 2 -> K 2 CO 3 + H 2 O 
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The gaseous mixture which now contains only noble gases 
is dried by bubbling through cone. H 2 SO 4 and is finally passed 
through tubes packed with phosphorus pentoxide and collected. 
The purpose of addition of CaCl 2 is to reduce the reaction 
temperature from lOOO^C to 800®C. 


I3M SEPARATION OF NOBLE GASES 


M Dewar’s charcoal adsorption method 

This method is based on the fact that activated coconut charcoal 
adsorbs different gases at different temperatures. The mixture 
of nLQble_gases-Obtained from atmosphere -is^taken in a-bulb 
filled with activated coconut charcoal and placed in a cold 
bath. The gases are allowed to remain in the bulb for about half 
an hour and unadsorbed gases are removed by a Toepler's 
pump and kept separately. 

At -100°C, coconlit chafeo^ adsorbs WgbnV Bypton ahd 
xenon while helium and neon remain free. The unadsorbed 
helium and neon are brought in contact with another charcoal 
maintained at -180°C, when neon is adsorbed and helium is 
obtained in free state. Neon can be recovered from this charcoal 
on warming. 


Valve 



Fig. 13.1 

When the charcoal containing Ar, Kr and Xe at -100®C is 
connected with another charcoal maintained at liquid air 
temperature, die argon diffuses into this charcoal from which 
it may be obtained by warming. After the separation of argon, 
the temperature of first charcoal is raised to -90^C when pure 
krypton is evolved. Xenon which remains behind is recovered 
by further warming the charcoal. 

The whole process of separation can be summarised with 
the help of the flow sheet chart given ahead : 
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■ 

Ar, Kr and 
Xe adsorbed 


Noble gas mixture containing He, Ne, Ar, Kr 
m6 Xe brought in contact with coconut 
charcoal maintained at -IWC 
_^_ 


Unadsorbed 
He and Ne 




Connect with another coconut 
charcoal maintained at Mquid 
air tempatature^ ’ 


Argon diftiises 
and adsorb^ in 


Warm 


First coconut 
charcoal, Kr and 


Neon 

adsorbed 


Brought in contact 
with charcoal at 
-180“C 

1 


Unadsorhed 

Hdium 


evolved 







4 secbed^tate— 






Neon 

evolved 

.it r ^ - 

r.- 




msed to 


Kryptonj 

evolved 


Xenon remains in 
adsorbed state 

j-Wann 


Xenon 

evolved 


s Physical method 

(Fractioiial distiliation of liquid air): 

Various constituents of liquid air possess different boiling 
points. These boiling points are: 

Helium Neon Nitrogen Argon Oxygen Krypton Xenon 
-269^C -246^C --196^C --186^C ^183"C -I52^C -107^C 

The sufficient difference in the boiling points of various 
constituents helps in carrying the fractional distillation of liquid 
air. This is done in Qaude^s apparatus (Fig. 13.2), which is 
especially used for the manufacture of liquid oxygen and liquid 
nitrogen but noble gases are also obtained as by-products. 

Cold, compressed air enters the plant at the bottom. It 
ascends through the rectifier and through the tubes surrounded 
by liquid oxygen. It gets partially condensed into liquid which 
collects at the bottom. 

The more volatile gases, mainly nitrogen get condensed in 
the receivers at the side. 

The liquid collect^ at the bottom is pumped up and opens 
at the middle of the top rectifier. As it flows down, it meets the 
ascending gases from liquid oxygen. The contact between the 
two currents makes the descending liquid richer in oxygen 
which collects at the middle. 

Liquid from the side tubes is pumped up to the top. Liquid 
is partially used for cooling purpose and partially for separation 
of helium and neon from nitrogen. At the various openings as 
shown in Fig. 13.2 (ahead), three fractions are obtained. 





















630 



1. Helium and neon mixed with gaseous nitrogen. 

2. Argon and oxygen in gaseous state above liquid oxygen. 

3. Krypton and xenon present in liquid oxygen. The various 
noble gases are isolated from these fractions. 

(i) The gaseous mixture of He, Ne and nitrogen is passed 
through a spiral cooled by liquid nitrogen. Most of the nitrogen 
present in the gaseous mixture condenses. Nitrogen is 
completely removed by passing over CaC 2 at 1000°C. Helium 
and neon are separated by passing the mixture through a spiral 
cooled by liquid hydrogen (-253°C) when the neon is condensed 
leaving behind helium in free state. 

(ii) The second fraction containing argon and oxygen is 
fractionated by passing it around coils containing liquid nitrogen 
when oxygen is condensed and argon obtained in gaseous 
state. 

(iii) The liquid containing oxygen, krypton and xenon is 
fractionally distilled as there is wide difference in their boiling 
points, 

tsfl USES OF NOBLE GASES 
@ Helium 

(i) Since heUum is light, non-inflammable, it is used in filling 
air-ships and balloons for weather study. 

(ii) Unlike nitrogen, helium is not soluble in blood even 
under high pressure, a mixture of 80% helium and 20% oxygen 
is used instead of ordinary air, by divers for respiration. The 
same mixture is used to* assist breathing in asthama and other 
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respiratory diseases. If nitrogen is used along with oxygen in 
the cylinders of sea divers then nitrogen dissolves in blood at 
high pressure and create painful sensation called BENDS. 

(iii) Helium is used in research work for maintaining very 
low temperatures. 

(iv) It is used in producing inert atmosphere. 

(v) It is filled in tubes of aeroplane tyres. 

(vi) It is used for food preservation. 

(vii) Nucleus of helium (a-particles) are used as bombarding 
particles in artificial radioactivity, a-particles are produced 
from helium using cyclotron. 

(viii) It is used as filler in electric transformer. 

® Argon 

(i) It is widely used for filhng incandescent metal filament 
electric bulbs. 

. (ii) It is also, used for filling .radio-valves, rectifiers and 
fluorescent tubes. The neon-argon mixtures are used in 
advertising signs for various colours. 

(iii) It is used in producing inert atmosphere during welding 
and extraction of various metals. 



Fig. 13.3 Noble gases in cathode ray discharge tubes 
characteristic glows. Argon glows blue. 

m Neon 

(i) It is used in neon discharge lamps and signs which are 
used for advertising purposes, since the neon lights (generally 
orange red) are visible from long distances and even visible 



Fig. 13.4 Noble gases in cathode ray discharge tubes 
characteristic glows. Neon glows red. 

through fog and mist. If mercury vapours are mixed with 
neon, a glow of blue or green colour is obtained. Neon lamps 
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are used over telephone tower, helipad and in music beat 
indicators of deck. 

(ii) It is used in safety devices for protecting electrical 
instruments as it has a property of carrying exceedingly high 
currents under high voltages. 

M Ktvpton and xenon 

These are used in filling incandescent metal filament electric 
bulbs. These gases are considered superior than argon for this 
purpose. 

Krypton-85 is used to determine a thickness of metal sheet 
and plastic sheets. Kr-85 is also used in the voltage” 

in electronic tubes. 

m Radon 

(i) It'is used in radiotherapy of cancer. 

(ii) It is used to check the defects in steel castings. 

(iii) Photography of internal opaque materials is made with 
the help of radon. 

13.^ COMPOUNDS OF NOBLE GASES 

■ -r.-rry 

On account of stable electronic configuration, high ionisation 
potential and positive electron affinity, the noble gases are not 
expected to form chemical compounds with other elements. 
However, the recent researches have shown that under certain 
conditions these gases especially the higher ones are capable 
to form a few compounds. The only compounds known before 
1962 were those observed in the discharge tubes or the hydrates 
and clathrates. 

First theoretical support about compounds of inert gases 
was given by Van Anthropove in 1957 by taking into considera¬ 
tion of following compounds: 

Molecule Number of valence e' 

with central atom 

PCI 5 lOe 

SF6 lie 

IF 7 I4e. ■ 

Central atom of above compounds have more than 8 electrons 
in valence shell (expanded octet). Thus, zero group elements 
can also form compounds by expanding their already existing 
octet. 

(i) Compounds formed in the discharge tubes : Boomer 

in 1925, reported the formation of WHe 2 by subjecting helium 
to electron bombardment using tungsten filament. In 1927, 
Manley reported that in presence of electric discharges mercury 
and helium combined to form combinations like HgHe^ or 
HgHeio- Recent researches have shown that these reported 
compounds are not true chemical compounds. 

(ii) Hydrates : The hydrates of argon, krypton and xenon 
have been reported in literature. These are Ar-bH^O, Kr*6H20, 
Xe-6H20. The formation is due to dipole-dipole interaction. A 


strong dipole water when brought in contact with a noble gas 
under high pressure and low temperature is likely to cause 
polarisation of the gas atom, Le,, making it as a dipole which 
attracts the original dipole water. 

Recent work of Wiberg and Karbe has rejected the idea of 
the formation of such hydrates. 

(iii) Clathrates : Noble gases form a number of combi¬ 
nations in which gases are trapped into the cavities of crystal 
lattices of certain organic and inorganic compounds. These 
combinations are called encteure or cage or clathrate 
compounds. (Latin : clathrate = enclosed or protected by 
cross-bars)r The elathrates^ are normally nomstoichiometric 
compounds. 

When quinol (o-dihydroxy benzene) is allowed to crystallise 
its solution in water in the presence of heavier noble gases 

such as ^gon, krypton or xenon under a pressure of 10-40_ 

atmosphere, the noble gases get trapped within the lattice of 
quinol crystals. These crystals are quite stable. However, when 
heated or dissolved in solvent, the gas escapes. 

The crystal structure with cavities is called the ‘host* and 
the atom or molecule entrapped in it is called the ‘guest*. The 
formation of a clathrate is only possible when the size of the 
cavity is such that it can fit in tightly the guest atom or molecule. 
Thus, helium and neon do not form clathrate compounds 
with quinol as the size of the cavity is more than the size 
of helium or neon atom* 

(iv) Compounds discovered from 1962 onwards: 
Bartlett, in 1962, prepamd a compound by reacting oxygen 
with a powerful oxidising agent platinum hexafluoride. The 
X-ray examination of the solid compound, 02PtF6, showed 
that it consisted of O 2 and PtF^ ions. Bartlett thought that a 
similar compound could also be prepared with xenon since the 
ionisation potential of xenon is quite close to the ionisation 
potential of oxygen. When he reacted xenon with platinum 
hexafluoride, a red solid compound of composition, XePtF 5 
was obtained. Similarly, XeRuF 5 , XeRhF 4 were also synthesized. 

XePtFg was first real compound of any of the noble 
gases. The excitement caused by this discovery led to active 
search for other noble gas compounds and in a short time three 
fluorides of xenon, XeF 2 , XeF 4 and XeF 5 had teen obtained 
as white crystalline solids. 

Xenon difluoride, XeF 2 , is formed by heating a mixture of 
xenon and fluorine in molecular ratio 1 : 2 at 400^C in a nickel 
tube. 

Xe + F 2 XeF 2 

Dioxygen fluoride reacts with Xe at about 118°C to give 
XeFa- 

Xe + O 2 F 2 XeF 2 + 02? 

In presence of mercury arc light, Xe and fluorine combine. 

Xe + F 2 XeF 2 

arc light 
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It is a colourless, crystalline solid (m. pt. 140^C), 

It is decomposed by hydragen and waten 

XeF 2 + H 2 -> Xe + H 2 F 2 

2XeF2 + 2 H 2 O-> 2Xe + 2 H 2 F 2 + O 2 

It acts as a strong oxidising agent. 

XeF 2 + I 2 > 2IF + Xe 

XeF 2 + 2HC1-> Xe + H 2 F 2 + CI 2 

XeF 2 dissolves in HF but do not react with HFXeF 2 forms 
addition compound with Lewis ^ids by itself acting as Lewis 
base, e.g., 

■Lewis^base~“r-Lewis-acid-—.^^AiJduet-- 

XeF2 + 2SbF5 ——> XeF2*2SbF5 

or 

[XeF]^ [Sb2Fur 

XeF2 + IF5-^[XeF]^ |3F6r 

XeF 2 undergoes hydrolysis in aqueous alkaline solution, 

2XeF2 + 40H’"-^ 2Xe + 4F” + 2 H 2 O + O 2 

Lastly, XeF 2 acts as fluorinating agent also. 

1^ + XeF 2 ^ 1^^ + HF + Xe 

2NO,+ XeF 2 -> 2NOF + Xe 

2 NO 2 + XeF 2 -> Xe + 2 NO 2 F 

Note : Vessels of monel metal (alloy of nickel) are used to store XeF 2 . 

Xenon tetrafluoride, XeF 4 , is formed by heating a mixture 
of xenon and fluorine in the molecular ratio 1 : 10 at 400^C in 
a nickel tube. 

Xe + 2 F 2 .» XeF 4 

It is never synthesized in pure form because its formation 
is accompanied with the formation of XeF 2 and XeFg. 

It is a colourless, crystalline solid (m. pt. lOT^C). It 
undergoes sublimation. It is reduced by hydrogen, mercury 
and boron trichloride. 

XeF 4 + 2 H 2 -> Xe + 2 H 2 F 2 

XeF 4 + 2Hg-> Xe + 2HgF2 

3XeF4 + 4BCI3-> 4BF3 + 3 Xe + 6CI2 

It forms a highly explosive solid, xenon trioxide (Xe 03 ) 
when treated with water. 

2XeF4 + 3 H 2 O-> Xe + Xe 03 + 3 H 2 F 2 + F 2 

It is soluble in fluoroacetic acid (CF 3 COOH). When it is 
heated with excess of Xe it changes to XeF 2 . 

XeF 4 + Xe(excess) —™.> 2 XeF 2 

It undergoes addition reactions like XeF 2 , forming 
adducts. 


XeF 4 + SbFj -> [XeFjl'^ESbFg]" 

Lewis base Lewis acid Adduct 

Other Lewis acids like PF 5 , ASF 5 , SbFs, NbF,, RuFs, OsF, 
also undergo similar addition reactions. 

Like XeF 2 , xenon tetrafluoride also acts as fluorinating 
agent, e.g., 

XeF 4 + Pt-^ Xe PtF 4 

4NO + XeF 4 -> Xe + 4NOF 

4 NO 2 + XeF 4 -> Xe + 4 NO 2 F 

Xenon hexafluoride, XeFg, is formed by heating xenon 

and fluorine in molecular ratio 1 : 20 under pressure in a nickel 

tube»----- 

Xe + 3 F 2 ^^^XeF 6 
^ 50 atoi. ^ 

It is a colourless crystalline solid (m, pt, 49.5X). 

It is reduced by H 2 , HCl and NH 3 . 

XcF^ + 3 H 2 - > Xe + 3 H 2 F 2 

XeFg + 6HC1-> Xe + 3 H 2 F 2 + 3Cl2 

XeF^ + 8 NH 3 -> Xe + 6 NH 4 F + N 2 

The hydrolysis of XeF^ with water yields new compounds. 

XeFe + H2O -> XeOF 4 + H2F2 

XeOF 4 + H 2 O-> Xe 02 F 2 + H 2 F 2 

Xe 02 F 2 + H 2 O -> Xe 03 + H 2 F 2 

Like qther xenon fluorides, XeF^ is also stored in nickel 
alloy (monel metal) vessel. It cannot be stored in glass vessel 
because silica in glass reacts with XeF^, 

2XeF6 + Si02-> 2XeOF4 + SiF4 

2 XeOF 4 + SiOa-> 2 Xe 02 F 2 + SiF 4 

2 XeOF 4 -b 2 Si 02 -> 2 Xe 03 + 2 SiF 4 

XeFg dissolves in HF according to the following reaction 

XeFg + HF-> [KeFst [HF 2 ]' 

XeFg undergoes thermal decomposition 

2XeF6 -> XeFj + XeF4 + 3 F 2 

Like XeF 2 and XeF 4 , XeFg also acts as fluorinating agent. 
XeFg has strongest fluorinating tendency. XeFg undergoes 
addition reactions with Lewis acids, e.g., 

XeFg + AsFs-> [XeFg]^ [AsFg]". 

XeFg + BF 3 -> [XeFsf [BF 4 r 

XeFg + NaF-> NaXeF? ^ 

2NOF + XeFg -> [NO]!'" [XeFg]^" 

Hexafluoride undergoes hydrolysis in strongly alkaline 
medium. 

2XeFg + 160H“ -> 8 H 2 O + 12F' + XeOg“ + Xe + O 2 

Si Structure of Xenon Fluorides 

The bonding in these compouncb is covalent. The formation 
involves the unpairing of p-orbitals and promotion of electron 
or electrons to the vacant d-orbitals in the outermost shell. In 
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the excited state, the xenon atom undergoes hybridization 
forming definite configurations. The unpaired electrons in the 
hybrid orbitals form covalent (sigma) bonds with fluorine atoms. 

The hybridization of xenon atom and shapes of different 
fluorides can be predicted with the help of following 
generalisation: 

Hybridization = 1/2 [No. of electrons in the valence 
shell of central atom + No. of 
monovalent atoms surrounding the 
central atom-charge on the cation + 

* charge on the anion] 

Molecule Ibtal numbe r of orbi tals Hybrid!- _Shape_ 

undergoing hybridization zation 

XeF 2 l/2[8 + 2 - 0 + 0] = 5 sp^d linear 

XeF 4 l/2[8 + 4 - 0 + 0] = 6 sp^d^ Square planar 

XeF^ l/2[8 + 6- 04-6] = 7 sp^d^ Distorted octahedral 

XeF^> 



In the formation of XeFa, sj?d hybridization occurs which 
gives the molecule a trigonal bipyramidal stmctu^. The xenon 
and two fluorine atoms lie in a straight line while the three equato¬ 
rial positions are occupied by the three lone pairs of electrons. 



3 2 

In the formation of XeF 4 , sp d hybridization occurs which 
gives the molecule an octahedral structure. The xenon and 
four fluorine atoms are co-planar while the two equatorial 
positions are occupied by the two lone pairs of electrons. 



h, '2 

In the formation of XeP^, sp d hybridization occurs which 
gives the molecule a pentagonal bipyramidal structure. Six 
positions are occupied by fluorine atoms and one position is 
occupied by a lone pair of electrons. 

Due to presence of lone pair, distortion in structure takes 
place; The actual structure is distorted (K:tahedral. 


HYBRIDIZATION AND SHAPES OF XENON FLUORIDES 



No.of 

No. of 

Total 1 



Molecule] 

bonded 

lone 

electron 

Hybrid!- Structure 

Actual 


pairs of 

pairs of 

pairs 

zation 

shape 


electrons 

electrons 




XeF2 

2 

3 

5 

sp^4 Trigonal 

Linear 





bipyramidal 


XeF4 

4 

2 

6 

Octahedral 

Square 





1 

planar 

XeF6 

6 

1 

7 

sp^d^ Pentagonal 

Distorted 



• 


bipyramidal 

octahedral 


Krypton also fornas kiypton difluGride (KrF 2 )^and krypton-™ -” 
tetrafluoride (KjrF 4 ) under suitable conditions, RnF 2 has also 
been prepared. However, aU attempts have failed to prepare 
similar compounds in the case of He, Ne and Ar, 

Xenon oxid^ and xenon oxyfluorides; Xenon forms 
two oxides, xenon trioxide (Xe 03 ) and xenon tetroxide (Xe 04 ). 

Xenon trioxide is obtained by hydrolysis of XeF 4 and XeF 6 
with water. 

6 XeF 4 + I 2 H 2 O-> 4Xe + 2 Xe 03 + I 2 H 2 F 2 + 3 O 2 

XeF^ + 3H2O -> Xe03 + 3H2F2 

Xenon tetroxide is obtained by the action of anhydrous 
sulphuric acid on barium perxenate. 

Ba2 [XeOel + 2H2SO4-> 2B^04 + Xe04 + 2H2O 

Xe 03 is a colourless explosive sohd. It is a powerful 
oxidising agent. It oxidises Pu^"^ to Pu"^"^ in the presence of H^ 
ions. 

3 Pu^^ + XeOs + 6 H‘' -^ 3 ^* + Xe + 3H2O 

Xe03 reacts with aqueous alkali to form the hydrogen xenate 
ion (HXe04) which slowly disproportionates to give xenon 
and perxenate iqn (XeO^ in which xenon is present in +8 
oxidation state. 

XeOs + OH“-> HXeOJ 

2 HXeOi + 20 H"-> XeO^ + Xe + 2H2O + O2 

Perxenate solutions are yellow and powerful oxidising 
agents. Xe04 is less stable than Xe03 and decomposes into 
xenon and oxygen. 

Xe04-^ Xe + 2O2 

Xenon oxyfluorides: A number of oxyfluorides are 
known. 

(i) Xenon oxydifluoride (XeOF2) 

(ii) Xenon dioxydifluoride (Xe 02 F 2 ) 

(iii) Xenon oxytetrafluoride (XeOF4) 

(iv) Xenon dioxytetrafluoride (Xe 02 F 4 ) 

(v) Xenon trioxydifluoride (Xe 03 F 2 ). 

Some of the oxyfluorides are obtained by partial hydrolysis 
of XeF4 and XeF 6 . 
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XcF 4 + H2O- > XeOF 2 + H2F2 

XeFg + H2O -> XeOF 4 + H2F2 

XeOF4 + H 2 O-> Xe02F2 + H 2 F 2 

Shapes of xenon oxides and xenon oxyfluorides : The 
shapes of oxygen containing compounds of xenon are correctly 
predicted on the basis of Valence Bond Theory and Valence 
Shell Electron Pair Repulsion Theory. 

In this case 7t~electrons must be subtracted in counting the 
total number of electron pairs in the valence shell of central 
atom. 

(i) XeOF 2 : n bond = 1 

-Total-number-of-electron pairs = 6^ 

Number of lone pairs = 2 
Shape —> T-shape geometry (sp^d) 



" ' . ...F — p- 

O 

Structure Total No, of orbitals Hybridization 

undergoing hybridization 

XeOFi l/2[8 + 2 - 0 + 0] = 5 sp^d 

(ii) XeOF 4 : n bond = 1 

Total number of electron pairs = 7 
Number of lone pair = 1 

3 2 

Shape—> Square pyramidal geometry (5p d ) 



Structure Total No. of orbitals Hybridization 

undergoing hybridization 

XeOF4 l/2[8 + 4- 0 + 0] = 6 sp V 

(iii) XeO^ : n bonds = 3 

Total number of electron pairs = 7 

Number of lone pair = I 

Shape —> Pyramidal geometry (sp^) 


0 



O 

Pyramidal 

Structure Total No. of orbitals Hybiidi^tion 

undergoing hybridization 

XeOs l/2[8 + 0 - 0 + 0] = 4 sp^ 

(iv) Xe 04 : n bonds = 4 

Total number of electron pairs = 8 
Shape —> Tetrahedral (sp^) 
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Structure 

Total No, of orbitals 

Hybridization 


undergoing hybridization 


Xe 04 

l/2[8 + 0- 0 + 0] = 4 

sp^ 

(v) Xe 02 F 2 : 

K bonds = 2 



Total number of electron pairs = 7 

Number of lone pair - 1 

Shape Trigonal bipyramid (s^d) 

F 


\l 



F 


Structure 

Total No, of orbitals 
undergoing hybridization 

Hybridization 

Xe02F2 

l/2[8 + 2- 0 + 0] ==5 



13.8 1 IMPORTANCE OF NOBLE GASES IN 
THEORETICAL CHEMISTRY 

Noble gases have played an important role in the development 
of various subjects of theoretical chemistry. 

(i) Improvement in periodic table : Insertion of zero 
group between highly electronegative halogens and highly 
electropositive alkali metals improved the periodic table. Zero 
group occupies the intermediate position between two extreme 
groups of elements. 

(ii) In establishing the scheme for the arrangement of 
electrons in atoms : All noble gases except helium have 8 
electrons in the outermost energy shell. This configuration 
accounts for the inertness of these elements. It led Bohr and 
Bury to assume that the outermost energy shell of any stable 
atom cannot have more than 8 electrons. 

(iii) In the development of electronic theory of valency : 
All elements tend to acquire stable configuration during chemical 
union. This is possible when they acquire noble gas configura¬ 
tion, Le,, 8, electrons in the outermost energy shell. This occurs 
either by transference of electrons from one atom to another 
(electrovalency) or by sharing of electrons (covalency) or by 
contributing both electrons to be shared by only one atom 
(coordinate valency). 

(iv) Group displacement law in radioactivity: a-particles 
are emitted by the disintegration of radioactive elements. Alpha- 
particles are actually helium nuclei. It has proved useful in 
formulating the theory of radioactive disintegration and the 
group displacement law. 

(v) In the discovery of isotopes: Neon was the first 
non-radioactive element whose isotopes were first of all 
separated. On this basis, it was concluded that other elements 
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may also consist of a mixture of two or more isotopes. This' 
has helped in the discovery of many new isotopes. 

13.6 DETERMINATJON OF ATOMIC MASS 
OF A NOBLE GAS 

Chemical equivalent masses of noble gases cannot be determined 
by usual methods as these are chemically inert. Thus/ the 
following relationship cannot be used for the determination of 
atomic masses of noble gases. 


Atomic mass = Equivalent mass x valency 
The molecular mass of any gaseous element is related 
with its atomic mass by the following relationship: 

Molecular mass = Atomicity x Atomic mass 
The atomicity of noble gases is unity. 

Thus, Molecular mass = Atomic mass 
Molecular mass can easily be calculated if vapour density 
is determined experimentally. 

Mol. mass = 2 x vapour density 
or At. mass = 2 x vapour density 


0 SUMMARY ANaMPOmANT^NTS^^ 


1. The zero or 18th group consists of seven elements—^helium, 
neon, argon, krypton, xenon, radon and ununoctium. This 
group was unknown when Mendeleev presented the periodic 
table ^d has been inerted only at a later stage. It occupies 
an intermediate position between electronegative elements of 
VIIA (17th) and electropositive elements of lA (1st) groups. 

2. The members of zero group are the end members of respective 
periods of periodic table. This is the only group of the 
periodic table, all members of which are gases and chemically 
inactive under ordinary conditions. These are collectively 
called as inactive or inert gases. However, these are now 
called noble gases as some compounds of these gases have 
been obtained under specific conditions. They are also 
termed zerovalent elements because they show zero valency. 

3. Except radon which is radioactive, all other membem are 
present in atmosphere in minute quantities. Thus, they are 
termed rare gases of atmosphere : boy form about 1% by 
volume of the air. Argon is the pr'i ■’ .ral constituent. 

4. All the noble gases have stable configuration. Except helium 
which has li-^ configuration, rest has 8 electrons, Le., s^p^ 
configuration in the outer shell. They have no tendency 
either to lose, gain or share electrons with the atoms of other 
elements. 

5. Ionisation potential values aie high. However, decreases on 
moving down the group. 

6. Electron affinity values are positive. 

7. They all are colourless, odourless and tasteless gases. All 
are mono-atomic in nature as Cp/Cy value for every gas is 
1.66. All have low values of melting and boiling points. The 
values increase as the atomic number increases. 

Among the known elements, helium has got the lowest 
melting and boiling points. 

8. These gases have fairly high electrical conductivity. They 
produce characteristic coloured lights wheit an electrical 
discharge is passed through at low temperature. 

9. These gases are relatively difficult to be liquefied. 
Liquefaction becomes easier fi*om He to Xe. 

10. These gases are sparingly soluble in water. The solubility 
increases with increasing atomic number. 

11. Except He, these gases can be adsorbed by coconut charcoal 
at suitable temperatures. 


12 . Noble gases always occur in the free state. The chief sources 
are: 


13* 


14. 


(b) Natural gas : contains up to 7% helium. 

(c) Radioactive minerals : only He. 

(d) Spring water—dissolved He, Ne and Ar. 

(e) Radon—^radioactive decay ^ioRa- > 




^He. 


Argon—Greek woxd-argos meaning lazy or inert. 

Helium—Greek wotd-helios meaning sun. First reported on 
the surface of sun. 

Neon—^Meaning new. 

Krypton—^Meaning hidden one. 

Xenon—^Meaning stranger. 

The credit for the discovery of above gases goes to Ramsay 
and TVavers. Radon was discovered by Dorn. 

Two methods are used for the separation of noble gases from 
the atmosphere. 

(i) Chcmico-physical metfiod; It involves the use of some 
chemical reagents for the removal of nitrogen and oxygen 
of the air and a physical method for the separation of 
individual noble gases from the gaseous mixture. The 
modem method for isolation of gaseous mixture of noble 
gases from air is : 

Fisher-Ringe’s method : Air free from moisture and 
CO 2 is passed over a mixture in an iron retort containing 
90% CaC 2 and 10% Caa 2 anhydrous kept at 800T. Both 
O 2 and N 2 are removed. 

CaC2 + N2-^CaCN2 + C 

2C + O 2 -^ 2CO 

2 CO + O 2 ->2C02 

The mixture of gases containing CO, CO 2 and noble gases 
is passed over heated CuO when CO is oxidised to CO 2 . 
The CO 2 is absorbed in caustic potash solution and the 
unabsorbed gases are dried over P 2 O 5 . 

Noble gases mixture is separated into individual gases 
by Dewar^s charcoal adsorption method. At -100®C, 
coconut charcoal adsorbs argon, krypton and xenon. The 
unadsorbed He and Ne are separated at -180®C, when 
neon is adsorbed and helium is left free. Neon is 
recovered by warming the charcoal. When the charcoal 
containing Ar, Kr and Xe is connected with another 


or C + 02 ^-^G 02 
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charcoal at liquid air temperature, the argon diffuses to 
ne# charcoal from which it can be obtained by warming. 
When the temperature of &st charcoal is raised to -9(fC, 
krypton is set free and on further warming, xenon is 
recovered* 

(ii) Physical method of separation, i.e., distillation of liquid 
ain For fractional distillation of liquid air Claude’s 
apparatus is used. Three fractions are obtained : 

(a) Helium and neon mixed with gaseous nitrogen. 

(b) Argon and oxygen in gaseous state. 

(c) Krypton and xenon present in liquid oxygen. 

These mixtures ate further fractionaUy separated into 

_individuaimemhers,__ _ 

15. (a) Since helium is Mght and non-inflammable, it is filled in 

filling airships and balloons. 

(b) A mixture of 80% helium and 20% oxygen is used instead 
of ordinary air for respiration by sea divers and asthama 
patients; 

(c) Helium is used for inflating the tyres of big aeroplanes 
in place of air being lighter, 

(d) Argon is used in creating inert atmosphere during 
extraction of various metals and welding. 

(e) Argon is used for filling incandescent metal filament 
electric bulbs, radio-valves and fluorescent tubes. 

(f) Liquid helium is us^ as cryogenic. 

(g) Neon signs for advertising contain neon gas. 

(h) Radon is used in radiotherapy of cancer. 

16. Until 1962, no real compound of noble gases was known. In 
1962, it was observed that oxygen reacts with PtFg to form a 
compound OjfPtF^]”. 

Since O 2 molecule has ionisation energy [O 2 -> Oj + e; 

1166 klmoF^] almost same as that of Xe [Xe- > + e; 

1170 klmoF^], Neil Bartlett suggested that PtF^ should show 
a similar reaction with xenon. He then tried to react these two 
at 298 K. He actually obtained the compound, XePtF6. 
XePtF^ was first real compound of any of the noble gases 
and in a short time three fluorides of xenon, XeF 2 , XeF 4 and 
XeF^ has been obtained as crystalline solick. 


Xe 4 - F 2 ^ 


1 : 2 4&rC 
Ni 

1 : 10 40mC 


1 


Ni 
20 3(m: 


^XeF2 

>XeF4 


>XeF6 


50 atm. 

Xenon fluorides react with hydrogen, water and fluoride ion 
acceptors like, PF 5 , SbFs and AsFs, etc. 


XeF2 + H2-> Xe + H2F2j 

2 XeF 2 + 2H2O-^ 2 Xe + 2H2F2 + O2; 


XeF 4 + 2 H 2 -> Xe + 2 H 2 F 2 ; 


XeF6 + 3 H 2 -> Xe + 3 H 2 F 2 ; 

XeFg + H2O-> XeOF 4 + H2F2; 

XeF 2 + IF 5 -> [XeR"" [IPef; 

X^)F4 + H 2 O-^ Xe02F2 4* H2F2i 

XeF4 + SbFs-> [XeFsf [SbFg]"; 

Xe02F2 4- H 2 O-> Xe03 4- H2F2i 

XeF^ + ASF5-> [XeFs]^ [AsFd" 

17. Xenon forms two oxides xenon trioxide (Xe 03 ) and xenon 
tetroxide (Xe 04 ). Xenon trioxide is a colourless explosive 
solid. It is a powerful oxidising agent. Xenon tetroxide is less 
stable than Xe 03 and decomposes into Xe and O 2 . 

18. A number of oxyfluorides of xenon are known: 

(i) Xenon oxydifluoride, XeOF 2 

(ii) Xenon dioxydifluoride, Xe02F2 

(iii) Xenon oxytetrafluoride, XeOF 4 

(iv) Xenon dioxytefrafluoride, Xe02F4 _. 

(v) Xenon trioxydifluoride, Xe 03 F 2 


Molecule 

Hybridization 
of central 

atom 

No. of lone 
pair(s) around 
central atom 

Shape 

XeF2 

sp^d 

3 

Linear, 

Two a bonds 

XeF4 


2 

Square planar, 

Four a bonds 

XeFg 


1 

Distorted octahedral, 

^ Six 0 bonds 

Xe 03 

sp^ 

1 

Pyramidal, Thr^ 0 
and three % bonds 

Xe 04 

sp^ 

— 

Tetrahedral, Four 0 
and four % bonds 

XeOFa 

sj? d 

2 

T-shaped, Three 0 
and one % bond 

XeOF4 

sp^d^ 

1 

Square pyramidal. Five 
0 and one n bond 

XeOaFa 

sp^d 

1 

S^-Saw, Four 0 
and two n bonds 


20. No compound of He and Ne is known so far. Helium and neon 
do not form any clathrate due to small size. Ar, Kr and Xe 
form clathrates. 

21. Noble gases have played an important role in the 
development of various subjects of theoretical chemistry 
such as : 

(a) Improvement in periodic table by introducing zero group. 

(b) In establishing the scheme for the arrangement of 
electrons in various energy shells of atoms. 

(c) In the development of electronic theory of valency. 

(d) Group displacement law in radioactivity.- 

(e) In the discovery of isotopes. 


2XeF4 + 3 H 2 O-> Xe + Xe 03 4- 3 H 2 F 2 + Fa; 
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PRACTICE PROBLEMS 




■ Subjective Type Questions 

1. Name the noble gas which: 

(i) is abundant in atmosphere 

(ii) is found in natural gas 

(iii) is radioactive 

(iv) is not adsorbed in coconut charcoal 

(v) highest boiling point, > 

2. (a) Which was the first noble gas compound synthesized? 

Who prepared it? 

(b) Which one of the foUowing does not exist? 

(i)XeOF4 (ii)NeF2 (iii)XeF2 (iv)XeF6 

(c) Name the chemical compound which can remove both 
nitrogen and oxygen from pure and dry air. 

3. (a) What-were the reasons for late discovery of noble gases? 

(b) What made Rayleigh suspect that there may be an 
additional element in air? 

(c) Why noble gas compounds are formed only with O 2 and 

F2? 

4. Complete the following reactions: 

(i) XeF4 + H20-> 

(ii) XeF2 + H2 -> 

(iii) XeF^ + Si02-> 

(iv) XeF^ + NHa 

(V) XeF6 + H20-> 

(vi) XeF6 + SbF 5 ^-> 

5. Answer the following with relevant reason. 

(i) Why the group in which inert gases are acconunodated 
was called zero group? 

[Hint : Inert gases do not show chemical activity under 
ordinary conditions due to possession of completed 
outermost shell, Le,, they show zero valency. On 
account of zero valency, the group in which inert gases 
were placed was called zero group.] 

(M) Why the zero group elements do not form compounds 
under ordinary conditions? 

[Hint : Zero group elements have complete electronic confi¬ 
guration of their outermost shells, (except 

helium which has l5^), hence they do not have any 
tendency either to lose or accept electron/electroos 
or share electrons with other atoms.] 

(iii) Xenon has closed shell configuration but is known to 
give compounds with fluorine. 

[Hint : Xenon atom has large size and lower ionisation 
potential in comparison to He, Ne, Ar and ICr. The 
outermost energy shell has d-orbitals. The paired 
electrons of valency shell can be unpaired and the 
electrons are shifted to ^i-orbitals under suitable 
conditions. The unpaired electrons are shared by 
fluorine atoms and covalent bonds are formed. In this 
way, xenon forms compounds with fluorine,] 


(iv) Helium and neon do not form compounds with fluorine. 
[Hint t He and Ne are smaller atoms and possess very high 

ionisation potential. Both do not have £f-orbitals in 
their valency shells. Thus, the paired orbitals of 
valency shell cannot be unpaired. In absence of singly 
occupied orbitals, no sharing is possible with other 
atoms. Hence, no compounds are formed by He and 
Ne.] 

(v) The boiling points of noble gases'increase with increase 
in atomic number. 

[Hmt : "vmi dSr Waais’ forces of attraction among molecules 
increase with the increase of atonuc masses. Thus, 
higher energy is required to separate these molecules 
as to get gaseous state. Hence, the boiling points 
increase with increase of atomic masses.] 

(vi) Why neon is useri in waiiung signal itiun^ 

[Hint : Neon lights are visible from long distances. The lights 
are even visible during fog and mist conditions.] 

(vii) A mixture of He and O 2 is used for respiration by sea 
divers. 

[Hint : Unlike nitiogen, helium is not soluble in blood even 
under high pressure.] 

(viii) Why helium and neon do not form clathrate compounds 
with quinol? 

[Hint : The size of the cavities formed during crystallisation 
of quinol is more than the size of helium and neon 
atoms.] 

(ix) Why xenon does not form fluorides such as XeF, XeFa 
orXeFs? 

[Hint : By unpairing of one paired orbital, two singly 
occupied orbitals come into existence. Thus, either two 
or four or six singly occupied orbitals can be formed 
instead of one or three or five singly occupied orbitals. 
Hence, XeF or XeF 3 or XeF 5 are not formed.] 

6. Draw the molecular structures of XeF 2 s XeF 4 and Xe02F2 
indicating the location of lone pair(s) of electrons, 

[MX im] 

7. What is the hybridization of xenon in, geometry and shape of 
the following molecules? 

XeOF 2 , XeOF 4 , Xe 02 F 2 and XeF^. 


] 
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8. Does the hydrolysis of XeFg lead to a redox reaction? 

[Hint : When XeFg undergoes hydrolysis, it forms XeOF 4 , Xe02F2 
and Xe 03 as products. In these compounds, there is no 
change in oxidation state of Xe. Thus, the hydrolysis of 
XeF6 is not a redox reaction.] 


■ Matching Type Questions 


Match the following: 

(i) Hehum 

(ii) Neon 

(iii) Argon 

(iv) Krypton 

(v) Xenon 

(vi) Radon 


(a) Lazy 

(b) Hidden one 

(c) Stranger 

(d) 15^25^2/ 

(e) Sun’s element 

(f) Radioactive 
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OBJ€CTIVG QUeSTIONS 


Set I: This set contains questions with single correct 

answer. 





1. The credit for the discovery of noble gases is given to: 


16. 

The formation of XeF 4 

is due to ...... . 

hybridization of 

(a) Cavendish 

□ 


excited xenon. 




(b) Ramsay 

□ 


(a) sp^ 

□ 

(b) spI , 

□ 

(c) Rayleigh 

□ 


(c) sp^d 

□ 

(d) sp^ 

□ 

(d) Frankland and Lockyer 

□ 

17. 

Xenon difluoride is: 




2 Noble gases are chemically inactive because of: 



(a) linear 

□ 

(b) angular 

□. 

(a) mono-atomic nature □ (b) low boiling points 

□ 


(c) trigonal 

□ 

(d) pyramidal 

(c) closed valency shell □ (d) rare occurrence 

□ 

18. 

The mixture which is used by 

sea divers for respiration is of: 


(a) Ar □ (b) He □ 

(c) Ne □ (d) CO 2 □ 

The lightest gas which is non-inflammable: 

(a) H 2 □ (b) N 2 □ 

-- --- . —(d)He - - Q- 

H one litre of air is passed repeatedly on hot copper and hot 
magnesium till no further decrease in volume takes place, the 
volume of residual gas would be about: 


(a) 200mL □ (b) lOOmL 

(c) lOmL □ (d) zero 

6. Radon is a: 

(a) drug □ (b) explosive □ 

(c) trade name of nylon □ (d) noble gas □ 

7. .is the compound which can remove both oxygen 

and nitrogen of the air when it is passed over it at 1000°C. 

□ 
□ 


□ 

□ 


(a) CaC 2 □ (b) Caa 2 

(c) CaCN 2 □ (d) Ca(CN )2 

8. The Cp/Q ratio for noble gases is: 

(a) 1.99 □ (b) 1.66 

(c) 1.33 □ (d) 1.0 

9. The inert gas obtained from monazite sand is: 

(a) He □ (b) Ne 

(c) At □ (d) Kr 

10. Which of the following does not react with fluorine? 

(a) Kr □ (b) Xe 

(c) At □ (d) all of these 

11. The gas with lowest boiling point is: 

(a) hydrogen □ (b) helium 

(c) nitrogen □ (d) argon 

12. The element having highest ionisation potential is: 

(a) hydrogen □ (b) .oxygen 

(c) nitrogen □ (d) helium 

13. Claude’s apparatus is used for the isolation of.from 

liquid air. 

(a) liquid oxygen only □ G>) liquid nitrogen only 

(c) noble gases only □ (d) all of these 

14. Hie valency of inert gases*'is: 

(a) 0 □ (b) 1 

(c) 2 □ (d) 3 

15. Of the following species, one which is non-existent: 

(a) XeFe □ (b) XeFj 

(c) XeF 4 □ (d) XeFj 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 

□ 

□ 


(c) argon and O 2 □ (d) neon and O 2 O 

19. The gas which is filled in tungsten lamp is: 

(a) H 2 □ (b) He □ 

(c) Ar . □ (d) O 2 . 

20. A radioactive element which can decay to give two noble 


gases, is: 
(a) 

(c) Ac^^' 


□ (b) Th^^^ □ 

□ (d) Ra^^^ □ 

21. A noble gas which is not adsorbed by coconut charcoal is: 

(a) He □ (b) Ne □ 

(c) Ar □ (d) Ra , □ 

22. The coloured discharge tube for advertisement mainly 
contains: 

(a) xenon □ (b) helium □ 

(c) neon □ (d) argon □ 

23. Maximum number of compounds are known in the case of: 

(a) neon □ (b) xenon □ 

(c) krypton □ (d) argon □ 

24. XeF 5 on complete hydrolysis gives: 

(a) Xe □ (b) XeOa □ 

(c) XeOa □ (d) Xe 04 □ 

25. XeF 4 exists as ..under ordinary atmospheric conditions. 

(a) solid □ (b) liquid □ 

(c) gas □ (d) none □ 

26. In solid argon, the atoms are held together by: 

(a) ionic bonds □ (b) hydrogen bonds □ 

(c) van der Waals' forces □ (d) none of these □ 

27. The oxidation state of xenon atom in XeF 4 , HXeOJ and 
Na 4 Xe 06 are respectively : 

(a) 4" 4,4- 6, + 6 ^ D (b) 4- 4,4- 6,4- 7 D 

(c)+4,-h 6, + 8 □ (d)+4,4-5, + 8 □ 

28. Which of the following is used to attain very low temperature 

during cryoscopic studies ? 

(a) Ar □ (b) He □ 

(c) Ne □ (d) Kr □ 

29. The source of most of the ncble gases is: 

(a) decay of radicsicuve minerals □ 

(b) the atmospheric ^ir □ 

(c) the natural gases coming out of the earth □ 

(d) the decay of rocks □ 
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30. The elements with atomic numl^rs 10,18, 36, 54 and 86 are 


all: 

(a) light metals □ (b) inert gases □ 

(c) halogens □ (d) rare-earths □ 

31. Which of the outer electronic configmation represents 
argon? 

(a) ns^ □ (b) n^np^ □ 

(c) n^np^ □ (d) ns^np^ □ 

32. Which one of the following fluorides does not exist? 

(a) HeF 4 □ (b) XeF 4 □ 

(c) CF 4 □ (d) SF 6 □ 

33. Electron affinity of noble gas element is: 

(a) very high □ (b) high □ 

(c) low Q (d) zero □ 

34. In Kroll and LCi. process of the production of titanium, the 
inert gas used is: 

(a) Ne □ (b) Ar □ 

(c ) Kx □ (d) Xe □ 

35. The spectrum of helium is similar to: 

(a)H □ (b)Na □ 

(c) li^ □ (d) He'' □ 

36. Which of the following gaseous molecules is monoatomic? 

(a) chlorine □ (b) helium □ 

(c) oxygen' □ (d) nitrogen □ 

37. Which one of the following noble gas is not found in 
atmosphere? 

(a) Rn □ (b) & □ 

(c) Ne □ (d) At □ 

38. Helium is added to oxygen used by deep sea divers because: 

(a) it is less soluble in blood than nitrogen under high 

pressure □ 

(b) it is lighter than nitrogen □ 

(c) it is readily miscible with oxygen □ 

(d) it is less poisonous than nitrogen □ 

39. Which of the following statements is not correct? 

(a) Argon is used in electric bulbs □ 

(b) Krypton is obtained during radioactive disintegration □ 

(c) Half life of radon is only 3.8 days □ 

(d) Heliuih is used in producing very low temperatures □ 

40. The structure of XeFg is: 

(a) distorted octahedral □ (b) pyramidal □ 

(c) tetrahedral. □ (d) none of these □ 

41. Which of the following exhibits the weakest inter molecular 
forces? 

(a) He □ (b) HQ □ 

(c) NH 3 □ (d) H 2 O □ 

42. The percentage (by volume) of argon in the atmosphere is 
about : 

(a) 1 % □ (b) 2 % □ 

(c) 10% □ (d) 0 . 2 % □ 

43. Which of the foUowing is planar? rC.B.S J.., P.M.T. 20(W) 

(a) XeF 4 □ (b) Xe 04 □ 

(c) SM) 2 F 2 □ (d) XeOF 4 □ 


44. The hybridization of Xe in XeF 2 is: (M.EJE. (Kerala) 2(K10] 


45. 

46. 


47. 


48. 


49. 

50. 

51. 


52. 


53. 


(a) sp 
(c) sp^d 
(e) sp^d^ 


□ (b)jp^ □ 

□ (d) sp^d □ 

□ 

IJJEJl. (Orissa) 20061 


Bond angle in Xe 03 is: 

(a) 107“ □ (b) 103“ □ (c) 119“ □ (d) 92“ 

Select the correct matching: 

List I 


□ 


A:XeF4 
B: Xe Fg 
C: XeOs 
D: XeOF2 
A 

(a) 4 

(b) 1 

(c) 2 

(d) 4 


B 

2 

1 

1 


List II 

1. Pyramidal 

2. T-Shape 

3. Distorted octahedral 

4. Square planar 

C D 

1 _2_ 

3 4 

3 4 

3 2 


□ 


□ 

□ 

□ 


Which one of the following is a correct pair with respect to 
molecular formula of xenon compound and hybridization stete= 
of xenon in it? [E.AJW.C.E.T. 2002] 

(a) XeF 4 sp^ □ (b) XeFj sp □ 

(c) XeF 2 sp^d □ (d) XeF 4 sp^ □ 

First compound of inert gas^ was prepared by Bartlett, in 
1962, this compound is: 

(a) Xe 03 □ (b) XeOF 4 □ 

(c) XePtF^ □ (d) XeF6 □ 

What is formed when xenon combines with fluorine in the 
presence of mercury vapour? [PJV1.EX 2003] 

(a) XeF □ (b) Xe 2 F □ (c) XeF 2 □ (d) XeF 4 □ 

In Xe 03 and XeF^ the oxidation state of Xe is: 

(PJE/r. (M.E) 2003] 


(a) +4 □ (b)-f6 □ (c)+l □ (d)+3 □ 

In Fischer-Ringe’s method of separation of noble gas mixture 
from air ....... is used. [E*AM.CJfS,T (Engg.) 2CM)5] 


(a) 90% CaC 2 and 10% CaCl 2 □ 

(b) coconut charcoal □ 

(c) sodalime + potash solution O 

(d) 90% CaC 03 + 10% urea □ 

Which of the following is not correct? 

IEAM.CJ:X (Medical) 2005] 

(a) Xe 03 has four a and four % bonds, □ 

(b) The hyMdization of Xe in XeF 4 is sp^d^, □ 

(c) Among noble gases, the occurrence of argon is highest 

inair. □ 

(d) Liquid helium is used as cryogenic liquid. □ 


Xenon hexafluoride reacts with silica to form a xenon 
compound X. The oxidation state of Xe in X is: 

[EA.M.CJ:,T, (Medtel) 2004; D,CE. 20M] 
(a) +2 □ (b) 44 □ (c) 46 □ (d) 0 □ 

[Hint : SiOa 4 2XeI%-> 2XeOF44SiF4 

m 

Oxidation state of Xe in (X) is -i^,] 


54. In the Dewar's method of separation of noble gases, the 
mixture of noble gases is kept in contact with coconut 
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charcoal at 173 K. Which one of the following gaseous 
mixture is not adsorbed on the charcoal? 

[E.A*M.C.E.T. (Engg.) 2004] 

(a)Ar,Kr □ (b) He,Ne □ 

(c) Xe, At □ (d) Xe, Kr □ 

55. Among the following molecules, 

(i)Xe03 {ii)XeOF4 (iii)XeF6 

Those having same number of lone pairs on Xe are: 

[A.I.LM.S. 2005] 

(a) (i) and (ii) only □ (b) (i) and (iii) only □ 

(c) (ii) and (iii) only □ (d) (i), (ii) and (iii) □ 

56. The xenon compound(s) that are isostmctural with IBr2 
and BrOJ respectively are: 

(a) linear XeF2 and pyramidal Xe03 __ □ 


(b) bent XeF2 and pyranfiidal Xe03 □ 

(c) bent XeF2 and planar Xe03 □ 

(d) linear XeF2 and tetrahedral Xe03 □ 

[Hint : IBrJ is linear like XeF2 while BrO^ is pyramidal like 

- ■ -.XeOsd.-.-.- . 

57. Number of lone pairs of electrons on Xe atoms in XeF2, XeF4 

and XeF^ molecules are respectively: [A.LE.E.E. 2002] 

(a) 3, 2 and 1 □ (b) 4, 3 and 2 □ 

(c) .2, 3 and 1 □ (d) 3, 2 and 0 □ 

58. Which is the most easily liquefiable mre gas? 

[C.E,T. (Karnataka) 2008] 

(a) Ar □ (b) Ne □ 

(c) Xe □ (d) Kr □ 

59. In the separation of noble gas mixture from air by Ramsay 

Rayleigh’s first method, the substances used for the removal 
of N2 and O2 respectively, are: [P.M.E.T 2008] 

(a) Cu and Mg □ (b) Mg and Cu □ 

(c) C and CaC2 □ (d) KOH solution □ 

SetHiThis set contains the questions with two or more 


60. What is the correct order of occurrence (% by weight) in air 

of Ne, At and Kr? [A.F.MX. 2008J 

(a)Ne>Ar>Kr □ (b)Ne>Kr>Ar □ 

(c)Ar>Kr>Ne □ (d)Ar>Ne>Kr □ 

61. The compound in which the number of dn-p% bonds are 

equal to those present in CIO4: [E.A.M.C.E.T.(Eiigg.) 2008] 
(a) XeF4 □ (b) XeOs □ 

(c) Xe04 □ (d) XeFe □ 

62. The formation of Oj [PtF^]” is the basis for the formation of 

xenon fluorides. This is because: [J,M.L (Engg.) 2008] 

(a) O2 and Xe have comparable sizes □ 

(b) Both O2 and Xe are gases □ 

(c) O2 and Xe have comparable ionisation energies □ 

(d) Both (a) an d (c)______□_ 


63. WTiich of the following reactions of xenon compounds is not 

feasible? [A J.E.E.E. 2(H)9] 

(a) XeOs + 6HF XeFg + 3H2O □ 

(b) 3XeF4 + 6H2O-> 2Xe + Xe03 + 12 HF + 1.5 O2 □ 

(c) 2XeF2 + 2H20—^^Xe-i^4eFH-02 ^ .— 

(d) XeFe + RbF^-^ RbEXeF?] □ 

[Hint : The reaction (a) is not feasible because XeF^ formed at 

once re^ts with water producing again the reactants.] 

64. Argon is used : [C.EX (Karnataka) 2009] 

(a) to obtain low temperature □ 

(b) in high temperature welding □ 

(c) in the radiotherapy for treatment of cancer □ 

(d) in filling airships □ 

65. Which of the following noble gas has its ionization potential 

closest to oxygen? [G.E.C.E. (Bihar) 2019] 

(a) He □ (b) Ne □ 

(c) Xe □ (d) .4r □ 


correct answers. 


66. XeF^ on reaction with H2 gives: 

(a) Xe □ (b) HF □ 

(c) XeF2 □ (d)XeF4 □ 

67. Which of the following compounds cannot be prepared by 
direct reaction between the constituent elements? 

(a) XeF2 □ (b) XeF4 □ 

(c) XeOF4 □ (d) Xe03 □ 

68. Which of the following noble gases do not form any 
compound? 

(a) He □ (b) Kr □ 

(c) Ne □ (d) Xe □ 


69. Winch of the following names are used for group zero 
elements? 


(a) Rare gases of atmosphere □ 

(b) Noble gases □ 

(c) Inert gases □ 

(d) Rare~earths □ 

70. XeFg on hydrolysis gives: 

(a) XeOF4 □ (b) Xe02F2 □ 

(c) XeOa □ (d) Xe04 □ 

71. Which among the following statements is/are correct? 

(a) XeF4 and SbF5 combine to form salt. □ 

(b) He and Ne do not form clathrates. □ 

(c) He has lowest b.pt. in its group. □ 

(d) He diffuses through rubber and polyvinyl chloride. □ 
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1. 

(b) 

2. 

(C) 

11. 

(b) 

12. 

(d) 

21. 

(a) 

22, 

(c) 

31. 

(d) 

32. 

(a) 

41. 

(a) 

42. 

(a) 

51. 

(a) 

52. 

(a) 

61. 

(c) 

62. 

(d) 

71. 

(a,b,c,d) 




3. 

(a) 

4. 

(d) 

13. 

(d) 

14. 

(a) 

23, 

(b) 

24, 

(c) 

33. 

(d) . 

34, 

(b) 

43. 

(a) 

44. 

(c) 

53. 

(c) 

54. 

(b) 

63, 

(a) 

64. 

(b) 


5. 

(C) 

6. 

(d) 

15. 

(b) 

16. 

(d) 

25. 

(a) 

26. 

(c) 

35. 

(c) 

36. 

(b) 

45. 

(b) 

46. 

(a) 

55. 

(d) 

56. 

(a) 

65, 

(c) 

66. 

(a, b) 


7. 

(a) 

8. 

(b) 

17. 

(a) 

18. 

(b) 

27. 

(c) 

28. 

(b) 

37. 

(a) 

38. 

(a) 

47. 

(c) 

48. 

(c) 

57. 

(a) 

58. 

(c) 

67. 

(c,d) 

68. 

(a,c) 


9. 

(a) 

10. 

(C) 

19. 

(c) 

20. 

(d) 

29. 

(b) 

30. 

(b) 

39. 

(b) 

40. 

(a) 

49. 

(c) 

50. 

(b) 

59. 

(b) 

60. 

(d) 

69. 

(a,b,c) 70. 

(a,b,c) 



^tJbjective Questions for IIT ASPIRANTS 



1. What are the products formed in the reaction of xenon 
hexafluoride with silica? 

(a) XeSi 04 + HF (b) XeF^ + SiF 4 

(c) XeOF 4 + SiF 4 (d) Xe 03 + SiF 4 

.. 

2. Which of the following two are isostructural? 

(a)XeF2,IF2 (b)NH3,BF3 

(c) CO|% SO|" (d) rcisJClj 

IHint : XeF 2 is a linear molecule (Xe is sp^d hybridi^d with 
three equatorial positions occupied by lone pairs). 

IF 2 is a linear molecule (I is sp^d hybridized, with three 
positions occupied by lone pairs).] 


3 * 


Number of atoms of He in 100 amu of He (atomic mass of 
He is 4) are: 

(a) 100 X 6 X 10“^ (b) 100 

(c) 50 (d) 25 


[Hint : 


^ Mass of substance 

No. of atoms “ —r-:-- 

Atomic mass 



4, The noble gas which shows abnoimai behaviour in liquid 
state and behaves as a supeifluid is: 

(a) neon (b) helium 

(c) argon (d) xenon 

5, XeF 2 reacts with SbF 5 to form: 

(a) [XeF][SbF6] (b) [XeF 3 ][SbF 4 ] 

(c) XeSbFe (d) XeF 4 

6, Which of the following compounds is explosive? 

(a) XeFa (b) XeF 4 

(c) Xe 03 (d) XeFa 

1. XeF6 on reaction with CsF gives: 

(a) [XeF 5 ][CsF 2 ] (b) XeFg 

(c) [XeF 4 ][CsF 3 ] (d) Cs[XeF,] 

8. Which of the following is/are solid at room temperature? 
(a) XeF^ (b) XeF 4 

(c) XeFg (d) All of these 



. 1. (c) 2. (a) 3. (d) 4. (b) 5. (a) 6* (c) 7. (d) 8. (d) 


Matrix Matching Questions for IIT Aspirants 


On p-block elements 

1. Match the elements of List-I with their uses in List-II: 

List-I List-n 


(Element) 

(Uses) 

(a) He 

(p) Treatment of cancer 

(b) Rn 

(q) Used in caution lamp 

(c) Ne 

(r) Filled in the oxygen cylinders 


of sea divers 

(d) Ar 

(s) Filled in electric bulbs 


(t) Used in airship balloons 


% Match List-I with List-H: 
List-I 

(a) XeF 2 

(b) PCI5 

(c) XeOF 4 

(d) XeF4 

3. Match List-I with List-II: 

List-I 

(a) He 

(b) Xe 

(c) XeFg 

(d) IF7 


List-II 

(p) Square pyramidal 

(q) Linear shape 

(r) sp^d hybridization 

(s) sp^d^ 


List-II 

(p) London dispersion force 

(q) Lowest boiling noble gas 

(r) sp^d^ hybridization 

(s) Distorted octahedral 
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4* Match the process in List-I with compounds in List-II and the 
catalyst used in List-Ill: 

List-I List-n List-in 

(a) Haber's process (p) Manufacture of (u) Iron powder 

chlorine 

(b) Deacon's process (q) Manufacture of (v) Pt gauge 

, f nitric acid 

(c) Ostwald's process (r) Manufacture of (w) Copper(II) 

vanaspati ghee chloride 

(d) Hydrogenation of (s) Manufacture of (x) Finely divided 

vegetable oils ammonia nickel 

5. Match List-I with List-ll: 

List-i List«n 

( Com p ou nd)_^(Hybrid, statershape)_ 

(a) BCI 3 (p) sp'^ 

(b) H 3 BO 3 (q) sp'^ 

(c) B 2 H 5 (r) Bridge structure 

(d) Hybrid state of B and N (s) Triangular planar shape 

.in -tH 3 NBF 3 )...•-■ ".——- - 

6 . Match the halides of List-I with their properties in list-II: 

List-I list-n 

(a) BeCl 2 (p) Dimeric 

(b) AICI 3 (q) Lewis Acid 

(c) CCI4 (r) Tetrahedml 

(d) SiCl 4 (s) Pyrene 

(t) Polymeric 

7. Match the elements in List-I with their properties in List-II: 

List-I List-n 

(a) 02 (g) (p) Paramagnetic 

(b) S 2 (g) (q) Two unpaired electrons 

(c) Po (r) Radioactive 

^d) Rn (s) Formed by a-decay of radium 


I 



8 . Match List-I with List-II: 

List-I 

(a) Pnicogens (p) 

(b) Halogens (q) 

(c) Chalcogens (r) 

(d) Group with eight atoms (s) 
in the molecular form of 
element 

9 * Match List-I with List-II: 

List-I 

(a) S-S linkage (p) 

(b) -CMD-linkage (q) 

(c) H2S2O8 (r) 

(d) -H 2 SQ 5 - (s) 

10. Match List-I with List-II: 

List-I 

(a) Be(OH)2 (p) 

(b) HNO3 (q) 

■--- ■■(c)--HN02~“-. XfT 

(d) A1(0H)3 (s) 

11. Match each of the reactions given in 
product(s) given in column-II: 

Column-I 

(a) Cu + dil. HNO3 (P) 

(b) Cu + cone. HNO3 (q) 

(c) Zn + dil HNO3 (r) 

(d) Zn + cone. HNO3 (s) 

(t) 


List-n 

Group-17-elements 
Group-15-elements 
Group-16-elements 
Group with solid, liquid 
and gaseous elements in free 


List-n 

Didiionic acid 
Thio-sulphuiic acid 
Caro’s acid 

MarshalFs acid- 

List-n 
Oxidising agent 
Amphoteric 

Gelatinous” whit^pptr^ 
Reducing agent 
column-I with corresponding 
[I J.T. 20091 
Column-II 
NO 
NO2 
N2O 

Cu(N 03)2 

Zn(N03)2 
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4. (A) Noble gases can combine with fluorine to form 

respective fluorides under specific conditions. 

(R) Ruorides of He, Ar and Ne are unstable in nature. 

5. (A) Noble gases are diamagnetic atoms. 


(R) The atomic numbers of noble gases are even and all the 
orbitals are doubly occupied by the electrons. 

6 * (A) He 2 does not exist. 

(R) Bond order of He 2 is zero. ^oos] 



1, (a) 2. (b) 3, (c) 4. (d) 5. (a) 6. (a) 



OUGHT TYPE QUESTIONS 


The noble gases have closed shell electronic configuration and 
are monoatomic gases under normal conditions. The low boiling 
points of lighter noble gases are due to weak dispersion forces 
between - the.-^toms.^and . the absence of other_intm 
interactions. 

The direct reaction of xenon and fluorine leads to a series of 
compounds with oxidation numbers + 2 , +4 and + 6 . XeF 4 reacts 
violently with water to give Xe 03 . The compounds of xenon exhibit 
rich stereochemistry and their geometries can be deduced 
considering the total number of electron pairs in the valence shell. 

[LLT. 2007] 


1 . -Argon-is-used-in arc welding-because of its:— 

(a) low reactivity with metal 

(b) ability to lower the melting point of metal 

(c) flammability 

(d) high calorific value 

■''I*The stnicture of-XcO'^ is: . 

(a) linear (b) planar 

(c) pyramidal (d) T-shaped 

3, XeF 4 and XeF^ are expected to be: 

(a) oxidising (b) reducing 

(c) unreactive (d) strongly basic 



Thought 1 1. (a) 2. (c) 3. (a) 





■ 




The answer to each of the following questions is a single 
digit integer^ ranging from 0 to 9. 

1. How many noble gases are radioactive in nature? 

2. What is the bond order of Ne 2 ? 

3. What is the percentage by volume of inert gases in the 
atmosphere? 


4. How many lone pairs of electrons are present on xenon atom 
in XeF 4 ? 

5, Xenon hexafluoride reacts with silica. What is the oxidation 
state of xenon in the xenon compound formed? 



1. (2) Radon and ununoctium. . 

2. (0) Number of bonding and antibonding electrons are equal 

3. (1) ; ■ 


4 . ( 2 ) 




+6 

5. (6) IXeFg + Si02-» 2XeOF4+SiF4 


















Revision Exercise 
[Chapter S to 13] 



SINGLE CORRECT ANSWER TYPE 

L Which of the following oxides of nitrogen is paramagnetic? 
(a) N2O □ (b) N2O5 □ 

(c) NC^ □ (d) N2O3 □ 

2. Hie major role of fluorspar (CaF2) which is added in small 
quantity in the electrolytic reduction of alumina dissolved in 

.- •-cryolite-<-Na3-A-lF-6)-iS”-:------ ~... 

(i) as a catalyst 

0i) to make the mixture very conducting 

(iii) to lower the temperature of the melt 

(iv) to decrease the rate of oxidation of carbon at anode 


Correct option is : 

(a)(iX(ii) □ (b)(iiX(iii) □ 

(c) (iX(ii),(iii) □ (d)(i),(iv) □ 

3. Which one of the following compounds has the smallest 
bond angle in the molecule? 

(a) SO 2 □ (b) H 2 O □ 

(c) H 2 S □ (d) NH 3 □ 

4 Thallium shows different oxidation states because : 

(a) of its reactivity □ 

(b) of its amphoteric nature □ 

(c) it is a transition metal □ 

(d) of inert pair effect of electrons □ 

5. Match list-I with hstTI and select the correct answer : 

List-I List-H 


(p) XeF4 1 . Distorted octahedral 

(q) XeFg 1 Tetrahedral 

(r) Xe03 3 . Square planar . 

(s) Xe04 4 Pyramidal 


(a) p~3, q—1, r—4, s—2 CZI {b) p—2, q’~-3, r—1, s-4 Cl 

(c) p~4, q-1, r~-3, s-2 . □ (d) p-1, q-4, r-2, s -3 □ 

6. Which of the following represents the correct order of 
decreasing number of S — O or S —> O bonds? 

(a) H2S2O8 > H2SO4 > H2SO3 □ 

(b) H2SO3 > H2S2O8 > H2SO4 □ 

(c) H2S2O8 > H2SO3 > H2SO4 □ 

(d) H2SO4 > H2SO3 > H2S2O8 □ 

7. The heavier elements of group 15 do not form p%-p% bonds 
because : 

(a) their atomic orbitals are large and diffused □ 

(b) their atomic orbitals do not overlap effectively □ 

(c) both (a) and (b) □ (d) none of these □ 

8. Bones glow in dark. This is due to : 

(a) conversion of white P into red P . □ 

(b) conversion of red P into white P □ 

(c) slow combustion of white P in contact with air □ 

(d) none of the above □ 


9 . The ease of liquefaction of noble gases decreases the order: 


(a) He>Ne>Ar>Kr>Xe □ 

(b) Xe>Kr>Ar>Ne>He □ 

(c) Kr > Xe > He > At > Ne □ 

(d) Ar > Kr > Xe > He > Ne □ 

10. Ai and Ga have nearly same covalent radius because of : 
.(aX„poojLsMeldmg-.effecFof i-retetronsTn-Ga-atom-B 

(b) poor shielding effect of £f-electrons of Ga-atom □ 

(c) poor shielding effect of/-electrons of Ga-atom □ 

(d) none of the above □ 


IL Ge(n) compounds are powerful reducing agents whereas 
Pb(rV) compounds afe strong oxidising agehfs. IPcan be'dlf 


to : 

(a) Pb is more electropositive than Ge □ 

(b) ionisation potential of lead is less than that of Ge □ 

(c) ionic radii of Pb^"^ and Pb"^*^ are larger than those of Ge^"^ 

and □ 

(d) more pronounced inert pair effect in lead than in Ge □ 
12 . Which of the following statements is incorrect? 

(a) ICl is a good conductor of electricity in fused state. □ 

(b) CI2O7 is an anhydride of perchloric acid. □ 

(c) Melting and boiling points of HBr are more than HCLD 

(d) F2 forms only one oxoacid. □ 


13 . Amorphous boron is extracted from borax by following steps: 

BoraxH3BO3B2O3 Boron 
(4) and (Q are : 

(a) H2S04,A1 □ (b) HC 1 ,C □ 

- (c) HCl,Fe □ (d)H2S04,Na □ 

14 In the process XH3 + H”^-> ZHJ (X being N, P, As or 

Sb), the maximum increase in the bond angle will be in the 
case of: 

(a) NH3 □ (b) PH3 □ 

(c) ASH3 □ (d) SbH3 □ 

15 . When CI2 water is added to an aqueous solution of 
potassium iodide in presence of chloroform, a violet colour 
is obtained. On adding more of CI2 water, the violet colour 
disappears. This is due to formation of : 


(a) Ki03 □ (b) KIO □ 

(c) HIO3 □ (d) HI ■ □ 

16 . Hydrolysis of PI3 yields : 

(a) monobasic acid and a salt . □ 

(b) monobasic acid and a dibasic acid □ 

(c) dibasic acid an tribasic acid □ 

(d) monobasic acid and tribasic acid □ 


2 

17 . In [B4O5 (0H)4] , the number of boron atoms having an octet 
of electrons is : 
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(a) 0 □ (b) 1 O 

(c) 2 □ (d) 4 □ 


18 . 


B2H6 


excess NHj 
high temp. 


A, A is: 


(a) (BN),. □ (b) B 2 H 6 ‘ 2 NH 3 □ 

(c) B 3 N 3 H 4 □ (d) aU of these □ 

19. CO is stable oxide of carbon while SiO is unstable because : 

(a) carbon can form coordinate bond □ 

(b) pn-pK bond is present between C and O which is not 

possible in SiO □ 

(c) carbon is smaller in size than silicon □ 

(d) none of the above □ 

20. The chain building u nit in silico ne polymer is : 

(a) MeaSiQ □ (b) MeSiCls □ 

(c) Me 2 SiCl 2 □ (d) none of these □ 

21. Equimolar mixture of PCI 5 and water gives : 

(a) POQs □ (b) H3PO3 O 

(c) - -- 0- id)d3oth - - □ 


22. The hybridisation of P in PO^ is same as in : 

(a) linlCl^ □ (b)SinS 03 □ 

(c)NinNOi □ (d)SinSOf □ 

23. An oxide of lead which is used in lead storage batteries, in 
safety matches and as a powerful oxidising agent, is : 

(a) Pb 02 □ (b) Pb 304 □ 

(c) PbO □ (d) 2 PbO-iW 2 □ 

24. The order of bond length in NO, NO 3 , NO 2 and N 2 O 4 is : 

(a) NOi > NOi > N 2 O 4 > NO □ 

(b) N 0 >N 204 >N 0 i>N 0 J □ 

(c) NO > NO 3 > N 2 O 4 > NO 2 □ 

(d) N204>N02 >N03 >NO □ 

25. Oxygen is more electronegative than sulphur. Yet H 2 S is acidic 
while H 2 O is neutral. This is due to : 

(a) H 2 S is a gas while H 2 O is a liquid □ 

(b) —S bond is weaker than H—O bond □ 

(c) H 2 O is highly associated compound □ 

(d) molecular mass of H 2 S is more than that of H 2 O □ 

26. In ozone, there are : 

(a) 2 <j and lit bonds □ (b) la and 27C bonds □ 

(c) 2 a and 2n bonds □ 

(d) 2 a and In bonds and one lone pair of electrons □ 

27. Which of the following halogens is called super halogen? 

(a) Fluorine □ (b) Chlorine □ 

(c) Bromine □ (d) Iodine □ 

28. Swimming pools are disinfected by bubbling through water 
a controlled quantity of : 

(a)Br2 □ (b)N2 □ 

(c) CI 2 □ (d) O 2 □ 

29. Diamagnetic oxide of chlorine is : 

(a) 002 □ (b) 003 □ 

(c) O 2 O 5 □ (d) none of these □ 

30. The reaction of XeFg with silica gives : 

(a) XeF 4 and SiF 4 □ (b) XeOF 2 and SiF 4 □ 

(c) XeOF 4 and SiF 4 □ (d) none of these □ 


ONE OR MORE THAN ONE CORRECT 
ANSWERS TYPE 


31. Which of the following statements are correct ? 

(a) Cone. HNO 3 attacks A1 liberating NO 2 . □ 

(b) A1 dissolves in HCl and not in cone. NaOH. □ 

(c) The corrosion of A1 is prevented by the formation of a 

coating of its oxide on its surface. □ ^ 

(d) Dilute H 2 SO 4 attacks A1 very slowly evolving hydrogen. 

□ 


32 . Mark the correct statements : 

(a) Alumina is used as a refractory material. □ 

(b) Boron carbide is used as an abrasive for polishing. □ 

' ■ ■■ t^”Borax1s'usedin^laring' ^ 

(d) Alum is u^ for fire-proofing fabrics. □ 

33 . Graphite: 

(a) is paramagnetic □ (b) has unpaired electrons □ 

(c) has mobile electrons □ (d) is diamagnetic □ 

34 . Mark the incorrect statements : 

(a) Silicon hydrides are known as silicones. □ 

(b) Liquid silicones act as lubricants. □ 

(c) Sheet silicates are formed from [Si04]^ tetrahedral units 

by sharing three oxygen atoms. □ 

(d) Buckminsterfiillerene is paramagnetic as it has unpair^ 

electrons. □ 

35 . (NH4)2Cr207 on heating gives : 

(a) Cr203 □ (b) N2 □ 

(c) NO □ (d) NH3 n 

36 . Which acids are formed by the action of water on phos¬ 
phorus pentoxide ? 

(a) HPO3 □ (b) H4P2O7 □ 

(c) H3PO4 □ (d) H3PO3 □ 

37 . HI can not be prepared by heating KI with cone. H2SO4 
because : 

(a) H2SO4 is stronger than HI □ 

(b) HI is stronger than H2SO4 □ 

(c) H2SO4 is an oxidising agent □ 

(d) HI is a reducing agent □ 

38 . Mark out the incorrect match of shape : 

(a) ICI4: Square planar □ (b) XeOF2: Trigonal planar □ 

(c) [SbF5]^” : Square bipyramidal □ 

(d) NH^: Pyramidal □ 

39 . Select the correct order of reactivity : 

(a) HI>HBr>HCl>HF □ (b) HC104>HBr04>HI04 □ 

(c) HC 10 <HBrO<HIO □ 

(d) HCIO4 > HCIO3 > HCIO2 > HCIO O 

40 . Which of the following statements are correct ? 

(a) CI2 reacts with aqueous Na2S203 to form HCl and 

NaHS 04 . □ 

(b) CI2 reacts with aqueous Na2S203 to give Na2S405 and 

^NaQ. □ 


(c) A white precipitate of silver thiosulphate is formed which 

changes to yellow, brown and finally black when silver 
nitrate is added to Na 2 S 203 . □ 

(d) Sodium thiosulphate is quantitatively oxidised by iodine. 

□ 
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Revision Exercise : 3 (Chapter 8 to 13) 

ASSERTION-REASON TYPE QUESTIONS 

The questions given below consist of an Assertion (A) and 
Reason (R). Use the following key for the appropriate answer of 
each question. 

(a) Both (A) and (R) are correct and (R) is the correct 
explanation of (A), 

(b) Both (A) and (R) are correct but (R) is not the correct 
explanation of (A)* 

(c) (A) is correct but (R) is incorrect. 

(d) (A) is incorrect but (R) is correct. 

(e) Both (A) and (R) are incorrect. 

41* (A) Lead exhibits oxidation states of +2 and +4. 

_ (R) Lead_exhibits inerLpair^effect. 

42. (A) A1 forms [A1F6]^ but B does not form [BF 5 ]^. 

(R) B dc^s not react with fluorine. 

43* (A) PF 5 and IF 5 have similar shapes. 

(R) PF 5 has two types of P—F bond lengths. 

44. (A)“"X“enon” folms “thiee^flumdes mffi molecule 

XeF 2 , XeF 4 and XeFg, 

(R) The formation of xenon fluorides involves the unpairing 
of p-orbitals and promotion of electron or electrons to 
the vacant J-orbitals in the outermost sheO. The number 
of unpaired orbitals under the excited states are either 2 
or 4 or 6 . 

45. (A) Halogens combine with each other and form binary 

covalent compounds of AB^ type which are called 
interhalogen compounds. B is always smaller atom and 
n may have values 1 to 7. 

(R) Interhalogen compounds are less reactive than A 2 or B 2 
molecules. 

46. (A) Sulphuric acid has great affinity for water. It acts as a 

powerful dehydrating agent. 

(R) Sulphuric acid has corrosive action on skin also. 

47. (A) Boron, aluminium and gallium form complex anionic hy¬ 

drides of the type NaBH 4 , LiAlH 4 and LiGaH 4 , respectively. 
(R) These complex hydrides are powerful reducing agents. 

48. (A) The abundance of carbon is more than silicon in earth’s 

crust. 

(R) Carbon has the maximum property of catenation. 

49. (A) All the oxidation states of nitrogen from +1 to +4 show 

disproportionation in acidic moiium. 

(R) Aqueous nitric acid undergoes disproportionation. 

50. (A) AU the halogens are paramagnetic in atomic forms. 

(R) Halogens have seven electrons in their outermost shell 
they have ns np configuration. 

MATRIX MATCHING QUESTIONS 

51. Match Column-I with Column-II and Column-Ill: 


Column-I 

Column-n 

Coluinn-m 

(a) XeFj 

(P) 90P 

(i) Tetrahedral 

(b) XeF 4 

(q) 109.5° 

(ii) Pyramidal 

(c) Xe 04 

(r) 103° 

(iii) Linear 

(d) Xe 03 

(s) 18(F 

(iv) Square planar 


52. Match Column-I with Column-II: 
Column-I 

(a) H 3 PO 2 

(b) H 2 S 

(c) HNO 2 

(d) HI 


Column-II 

(p) Reducing 

(q) Monobasic 

(r) Dibasic 
($) Oxidising 


53. 


54. 


55, 


56. 


Match Column-I with Column-II: 

Column-I 

(a) Zn + V.dil.HN03 

(b) Sn + dil. HN03 

(c) Ag + diLHN03 . 

(d) Pb + conc. IMQj 


Column-n 

(p) NO 

(q) NO2 

(r) NH4NO3 

(s) ^Sn(H03)2 

(t) Zn{N03)2 


Match Column-I with Column-II: 

Column-I Column-n 

(a) NH 4 NO 3 (p) Laboratory reagent 

(b) (NH 4 ) 2 S 04 (q) In maMhg diy cells 

(c) NH 4 Q (r) Fertiliser 

(d) NH 4 OH (s) Explosive 

Match Column-I with Column-II: 

Column-I Column-n 

(a) P 4 O 10 (p) Ionic 

(b) Si 02 (q) Covalent 

(c) AI 2 O 3 (r) Acidic 

(d) SnO (s) Amphoteric 

Match Coiumn-I with Column-II: 

Column-I CoIumn-n 

(a) HF (p) Reducing agent 

(b) HI (q) Oxidising agent 

(c) Q 2 (r) Precipitate with AgN 03 solution 

(d) (CN )2 (s) Attacks glass 

(t) Pseudo halogen 


LINKED COMPREHENSION TYPE 

Passage 1 

Silicates are minerals containing tetrahedral Sioj* structural 
units. A variety of silicate structures occur in nature, ranging from 
single tetrahedra to pairs, rings, chains, sheets and three- 
dimensional networks of linked tetrahedra with cations to balance 
the total charge in the crystal. In aluminosilicates, aluminium 
atoms substitute for some of tetrahedrally bonded silicon atoms 
and additional cations are present in order to maintain a net charge 
of zero. Zeolites are network aluminosilicates having pores on a 
molecular scale. They are useful for exchanging ions, for separa¬ 
ting mixtures of gases and as catalysts. 

Answer the following questions : 

57. Silicates which contain two units of SiO^ joined along a 
comer containing oxygen are called : 

(a) orthosilicates (b) pyrosilicates 

(c) cyclic silicates (d) chain silicates 
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58. The general formula of cyclic or ring silicates is : 

(a) (SijO,)^^"- (b) (Si 03 )„ 2 "- 

(c) (SiOf")„ (d) both (b) and (c) 

59. Mark the incorrect statement: 

(a) Zeolites are a class of three dimensional aluminosilicates 
which can accommodate water molecules in their cavities. 

(b) Quartz, tridymite, feldspar, etc. are three dimensional 
silicates. 

(c) Zeolites can be used to soften hard water. 

(d) Three dimensional silicates involve three oxygen atoms 
of each tetrahedra for sharing with adjacent tetrahedra. 

'Passa^72 . ... 


All the elements of group 13 form trihalides. The boron halides 
are covalent. The trifluorides of Al, Ga, In and T1 are ionic while 
chlorides, bromides and iodides are largely covalent when 
anhydrous7H6’^ver7 ffiSif CbVflCht nature deCMases" 8 "r^^ 
from Ga to TL Trihalides fume in air and undergo hydrolysis. They 
act as Lewis acids. They form complex halides. 

Answer the following questions : 

60. Which of the halides does not undergo hydrolysis? 

(a) BF 3 (b) 603 

(c) AIF 3 (d) AICI 3 

61. Which of the following statements about anhydrous 
aluminium chloride is correct? 

(a) It exists as AICI 3 molecule. 

(b) It is not easily hydrolysed, 

(c) It sublimes at 100°C under vacuum. 

(d) It is a strong Lewis base. 

62. Which of the following statements is correct? 

(a) Both AICI 3 and BCI 3 are not Lewis acids. 

(b) Both AICI 3 and BCI 3 are equally strong Lewis acids. 

(c) AIO 3 is stronger Lewis acid than BQ 3 , 

(d) BCI 3 is stronger Lewis acid than AIQ 3 . 

Passage 3 

The chemistry of fluorine differs sharply from the other 
halogens. Fluorine atoms fotm weak bonds to other fluorine atoms 
but particularly strong bonds to most other kinds of atoms. 
Fluorine displaces other halogens from their compounds and 
oxidises elements in compounds exposed to it. The compounds 
of fluorine with metals in their lower oxidation states are salts with 
strong ionic character. The higher oxidation states of many of the 


same elements yield volatile fluorides with significant covalent 
character. 

Compounds of fluorine with the non-metals possess a wide 
range of reactivities and molecular geometries. SF^ is an inert 
compound while BF 3 is a strong lewis acid. SbFs is a strong 
fluorinating agent. RF^, a strong fluorinating agent has opened 
up modem research on the compounds of the noble gases. 
Answer the following questions : 

63. Which can bring the highest oxidation state in the transition 
metal? 

(a) F 2 (b) 02 

(c) Bra (d) I 2 

64. Among flie fluorides given belOT^^ch^iUlurtheY 
F 2 : 

(a) NaF (b) CaF 2 

(c) SF^ (d) IF 5 

65. .Much oue^qf thelolb does not occur ?_ 

(a) I^*f 2 Cr-> 2 F"+Cl 2 

(b) CI 2 + 2 F"-^ 20 ^+ 1 ^ 

(c) Cl 2 + 2 Br"-> 2 Cr+Br 2 

(d) + 2Br“- > 2F^ + Bra 

INTEGER ANSWER TYPE 

66 . How many it-bonds are present in the molecule of borazine? 

67. The number of isomers possible for disubstituted borazine, 
B 3 N 3 H 4 X 2 is: 

68 . Red lead reacts with cone. HCl according to following 
reaction, 

Pb304 + HCl-^ XFhClz + CI 2 + H 2 O 

Balance this reaction and find the value of X. 

69. What is the b^icity of phosphorus acid? 

70. How many sigma bonds are present in the molecule of caro’s 
acid? 

71. What is the oxidation state of 3 in H 2 SO 4 ? 

72. How many lone pairs of electrops are present in central atom 
ofCIF 3 ? . 







Revision Exercise : 3 (Chapter 8 to 13 ) 




(c) NO 2 is paramagnetic due to the presence of unpaired electron, 
(b) CaF 2 i^* system acts as a thinner. It lowers the temperature 
of the melt and makes it more conducting. 



sp^ 

sp^ 

3 3 

sp sp 


119.5’’ 

104.5° 

92.5° 107.5° 

4. 

(d) 



5. 

(a) XeF 4 

sp^d^ 

Square planar 


XeFfi 

sp^d^ 

Distorted octahedral 


Xe 03 

_-'’L 

Pyramidal 


XeO^. 

sp^ 

TetfaKMral 

6 . 

(a) 


^ 2^200 




( 4 S= 0 ) 

bonds 


15. (c) 


2KI + CI 2 - 
I 2 + CHCI 3 - 
CI2 + H2O- 
l 2 :^H 20 + 5[0]- 


2KC1 + I 2 
\^olet layer 
2HC1 + [O] 
^ 2 ffl 03 

Colourless 


16, (b) PI 3 + 3 H 2 O-> 3HI +H 3 PO 3 

(Monobasic) (Dibasic) 

17. (c) Borax ion can be represented as : 


HO —b/ )b —oh 

."V— *b'^o^””' 


HO^ \ 0 H 

( 2 S= 0 ) 

bonds 

H 2 SO 3 


OH° 

(One S=^0 bond) 

(c) 

(c) 4P + 5 O 2 -^ P 4 O 10 + light 

The phenomenon of emitting light as a result of chemical change 
is called chemiluminescence. 

(b) Ease of liquefaction increases in the group from top to bottom 
as van der Waals’ forces increase with increase of atomic size, 
(b) Due to poor shielding effect of if-electrons the outer electrons 
in Ga experience more attraction by the nucleus. 

(d) Ge(IV) is more stable than Ge(II) while Pb(II) is more stable 
than Pb(IV). 

(d) Fluorine does not form oxoacid. 

(d) Na 2 B 407 + H 2 SO 4 -> Na 2 S 04 + H 2 B 4 O 7 

(^) 


H 2 B 4 O 7 + 5 H 2 O- 

2 H 3 BO 3 — 

B 2 O 3 + 6 Na “ 
(C) 


^4H3B03 

>B203+3H20 
> 2 B + 3Na20 


14. (d) The bond angle in the hydrides vary in the order : 

NH 3 > PH 3 > ASH 3 > SbH 3 

In the formation of XH 4 , the bond angle becomes 109"28^ 
Hence maximum increase will occur in SbH 3 . 


18. (a) 


Thus, borax contains two B-atoms having an octet of electrons. 

Low temp. 

[->B2H6-2NH3 

B 2 H 5 +NH 3-1 

I High temp. 


B2H6.2NH3^^B3N3H5 

lemp. 


19. (b) 

20 . (c) 

21 . (a) 


PCl5 + H20-~ 

(I : 1) 

PCI 5 + 4 H 2 O 
(I : 4) 


P(X:i3+2HCl 


^H3P04+5HC1 


22 . (d) 

23. (a) 

24. (a) 

25. (b) 


icij SO3 NO3 sol” PO4” 

sp^d^ sp^ sp^ sp^ sp^ 


NO N 2 O 4 NOi NO 2 
Bond length 115 pm 117 pm 122 pm 121 pm 


26, (d) 


116.r 


27. (a) 28. (c) 29. (c) 

30. (c) 2 XeI%+Si 02 -> 2 XeOF 4 +SiF 4 

31. (c, d) 

32. (a,b, c) 

33. (c, d) Graphite has sigma and 7i-bonds, The 7 t-electrons are free to 

move throughout the entire layers. 

34. (a, d) Silicon hydrides are known as silanes. Buckminsterfullerene 

is diamagnetic as it does not have unpaired electrons. 

35. (a, b) (NH4)2Cr207-!^24N2+Cr203+4H20 
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36 . (a, b, c) P4O10 4HPO3 2H4P2O7 

Metaphosphoric Pyrophosphoric 

acid acid 

' 2 H 2 O 

4H3PO4 <——I 

Orthophosphoric 

acid 

37. (c, d) 2HI + H 2 SO 4 -> I 2 + SO 2 + 2 H 2 O 

Reducing Oxidising 
agent agent 

38 . (b, d) XeOF 2 - sp^d -> T-shaped 

NH 2 - sp^ -> V-shaped 

^?^_.(^:b,_d)___;_ 

40. (a, c, d) Na 2 S 203 + 4 Cl 2 + 5 H 20 -> 2 NaHS 04 +8HC1 

2 AgN 03 +Na 2 S 203 -> Ag 2 S 203 + 2 NaN 03 

Ag 2 S 203 + H 2 O-> Ag 2 S + H 2 SO 4 

2Na2S203 I 2 > 2 Ni[+Na 2 S 405 

41. (a) 

42. (c) B does not have ti-orbitals. 

43. (d) PF 5 has trigonal bipyramidal shape having two types of P— F 

bond lengths. 

IF 5 has square pyramidal shape. 

44. (a) 

45. (e) Assertion is wrong as n may have values 1, 3, 5 and 7. 

Reason is also wrong as interhalogen compounds are more 
reactive than A 2 or B 2 molecules as A —B bond is weaker than 
A—A and B—B bonds. 

46. (b) 

47. (b) 

48. (d) Carbon is less abundant than silicon in the earth’s crust, 

however, compounds of carbon are very large due to catenation 
property. 

49. (c) (A) is correct while (R) is incorrect. In HNO 3 , the oxidation 

state of nitrogen is -i-5. 


50. (a) 

51. (a-s-iii); (b-p-iv); (c-q-i); (d-r-ii) 

52. (a-p, q); (b-p, r); (c-p, q, s); (d-p, q) 

53. (a-r, t); (b-r, s); (c-p); (d-q) 

54. (a-r, s); (b-p, r); (c-p, q); (d-p) 

55. (a-q, r); (b-q, r); (c-p, s); (d-p, s) 

56. (a-s); (b-p, r); (c-q); (d-q, t) 

57. (b) 

58. (d) 

59. (d) 

60. (a) BF 3 forms an addition product with water as B—^F bond is 

very strong. 

_ BRi +H^O H'*'[BP,OHr _ 

61. (c) • , 

62. (d) 

63. (a) 

64. (d) IF 5 + F 2 -^ IF 7 

.65. :(b) - ~ - . - 

66 . Three : Borazine has structure similar to benzene. 

67. Four : See objective question 15 on Page 407. 

68. Three : Pb 304 + 8HC1-> 3PbCl2 + CI 2 + 4 H 2 O 

69. Two : H 3 PO 3 is a dibasic acid. It forms two series of salts. 

70. Seven : H 2 SO 5 is represented as : 

O 

oil 

H—O—S—O—O—H 
oil 

O 

71. Six 

72. Two : Cl in first excited state 


sp^d hyb. 


35 'hp 


n 

n 


E 
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Transition Elements 
or i/-block Elements and 
y^tio^Etcanent^^ 


■ - 

14^11 INTRODUCTION 

In the extended form of the periodic table, the elements have been grouped 
into four blocks namely s, p, d and /-blocks. The elements belonging to 
groups 3 to 12 are called </-block or transition elements. These are 
present between ^-block and p-block elements. The properties of these 
elements are intermediate between the properties of 5-block and p-block 
elements, Le., d-block elements represent change or transition in properties 
from most electropositive 5-blcK:k elements to least electropositive p-block 
elements. Therefore, these elements are called transition elements. 

Previously the transition elements were regarded as those elements which 
possessed partially filled penultimate d-subshells in their ground state or in 
one of their commonly occurring oxidation states. This definition included 
coinage metals (Cu, Ag and Au) in the transition elements as their ions have 
partially filled (w-l)rf-subshells although their atoms have filled (n-l)d- 
subshells in the ground state. 


Cu 

3 ^^ 045 ' 



Ag 


Ag^* 

4d^ 

Au 

5d%s^ 


00 


However, the above definition does not cover the elements of group 12, 
Le., zinc metals (Zn, Cd and Hg) as these elements do not have partially 
filled (n - l)d-subshells either in the ground state or in ions. 


Zn 



3d^^ 

Cd 

4d^^5s^ 

Cd^^ 

4J‘° 

Hg 

5d^%s^ 


5d^° 


However, zinc metals showing similarities in some of chemical properties 
with transition metals are also included in this block. These are considered 
as end members of the transition series in order to maintain a rational 
classification of elements. 

Forty elements belong to d-block. Fourth, fifth, sixth and seventh periods 
consist of ten elements each. 
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i^-block 

TransMon elements 
















vni 






IBB 

IVB 

VB 

VIB 

VBB 




IB 

UB 



3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



Sc 

Ti 

V 

Cr 

Mu 

Fe 

Co 

Ni 

Cu 

Zn 


5-block 

39 

40 

41 

42 

43 

44 

45 

46 

■ 47 

48 

p-biock 


Y 

Zr 

Nb * 

Mo 

Tc 

Ru 

Rh 

Pd 

Ag 

Cd 



57 

72 

73 

74 

75 

76 

77 

78 

79 

80 



La 

Hf 

Ta 

W 

Re 

Os 

Ir 

Pt 

Au 

Hg 



89 

104 

105 

106 

107 

108 

109 

110 

111 

112 




Ac 

Ku 

Ha 

Sg 

Bh 

Hs i 

Mt 

Uun 

Uuu 

Uub 



The d“block elements include the most common metal used 
in cohstiuction and manufactuffng (iron) rm^ that are valued 
for their beauty (gold, silver and platinum), metals used in 
coins (nickel, copper) and metals used in modem technology 
(titanium). Copper, silver, gold and iron were known and used 
in early civilization. This group contains the densest elements 
(osmium, d = 22.59 g cm“^ and iridium, d - 22.61 g cm“^), 
the metals with the highest and lowest melting points (tungsten, 
m.p. = 341 (fC and mercury, m.p. = '~ 38 . 9 ^C) and radioactive 
elements such as technetium and ten members of seventh 
period. 

Certain d-block elements are particularly important in living 
organisms. Iron, the transition element, is present in the largest 
qiuantity in the human body. The best known biological iron- 
containing compound is the protein haemoglobin, the red 
component of blood that is responsible for the transport of 
oxygen. Cobalt is the cracial element in vitamin B12, a compound 
that acts as a catalyst in the metabolism of carbohydrates, fats 
and proteins. Molybdenum and iron together with sulphur form 
the reactive portion of nitrogenase, a biological catalyst used 
by nitrogen fixing organisms to convert atmospheric nitrogen 
into ammonia. Copper and zinc are important in other biological 
catalysts. Iron, zinc, copper, cobalt, nickel, manganese and 
molybdenum are known to be essential components of enzymes. 
Vanadium and chromium are also essential for life. Some bad 
elements are also present in this block. For example, mercury 
is toxic and is threat to the environment. 

14.^ ELECTRONIC CONFIGURATION 

In the transition elements, the last differentiating electron is 
accommodated on penultimate d-orbitals, d-orbitals are 
successively filled. The general electronic configuration of 
transition elements is : 

(n - ^ 


There are four complete rows (called series) of ten eleme nts 
each corresponding to filling of 3 d, Ad, 3 d and 6d-orbitJilF 
respectively. Each series starts with a member of group third 
(niB) and ends with a member of group twelve (IIB). 

First transition or 3 d-st ies: This series consists of 
elements from Sc( 21 ) to Zn( 30 ). 3 d-orbitals are gradually filled 
up. 


Element 

Symbol 

At No. 

Electronic configuration 

Scandium 

Sc 

21 


Ishp^, 3/3/34', 





or [Ar] 34*4/ 

Titanium 

Ti 

22 3 


[Ar] 34 W 

Vanadium 

V 

23 J 


[Ar] 34W 

Chromium 

Cr* 

24 ® 


[At] 34^4j' 

Manganese 

Mn 

25 S 


[At] 34W 

Iron 

Fe 

26 1 


-/[At] 34®4/ 

Cobalt 

Co 

27 1 


[Ar] 34’4/ 

Nickel 

Ni 

28 : 


[At] 34*4/ 

Copper 

Cu* 

29 


[Ar] 34‘“4/ 

Zinc 

Zn 

30 


[Ar] 34‘“ 4 / 


The configuration of Cr and Cu are different than expected. 
The actual configurations are explained on the basis of stability 
concept of half-filled or completely filled (R-l)d-orbitals. 
(n-l)d-suhshell is more stable when 5 or 10 electrons are 
present, i.e., every d-orbital is either singly occupied or doubly 
occupied. 



Second transition or 4d.series : This series consists of 
elements from Y( 39 ) to Cd( 48 ). 4 d-orbitals are gradually filled 
up. 
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Element 

Symbol 

At. No. 


Electromc 

configuration 

Yttrium 

Y 

39 


[Kr] 44* 55^ 

Zirconium 

Zr 

40 


[Kr] 44^ 55- 

Niobium 

Nb* 

Oh 

41 3 


[Kr] 44^* 55' 

Molybdenum 

Mo* 

T3 

42 S 


[Kr] 44^ 55' 

Technetium 

Tc* 

43 ® 


[Kr] 44^ 55^ 

Ruthenium 

Ru* 

O 

A A 

44 „ 


[Kr] 44’ 55’ 

Rhodium 

Rh* 

45 1 

Jo 


[Kr] 44* 55’ 

Palladium 

Pd* 

46 ? 


[Kr] 44'“ 55“ 

Silver 

Ag* 

44 


[Kr] 44^“ 55' 

Cadmium 

Cd 

48 


[Kr] 44'“ 55^ 


Elements marked with asterisk have anomalous configura¬ 
tions. These are attributed to factors like nuclear-electron and 
electron-electron forces. 

rtiird transition or 5^-series : TEs series consists of 
elements from La(57) to Hg(80) except 14 elements of lanthanide 
series from Ce(58) to Lu(71). 5<i-orbitals are gradually filled 
up. 


Element 

Symbol 

At. No. 

Electronic 

configuration. 

Lanthanum 

La 

57 


[Xe] 54 ' 65 ^ 

Hafnium 

Hf 

72 a. 


[Xe] 4/'^^ 54^ 65 ^ 

Tantalum 

Ta 

73 


[Xe] 4^^ 54* 65 * 

Tungsten 

W 

filh 


[Xe] 4/'"^ 54"^ 65 * 

Rhenium 

Re 

ire 


[Xe] 4/'"^ 54* 65 ^ 

Osmium 

Os 

76 M 


[Xe] 4/’"^ 54^ 65 ^ 

Iridium 

Ir 

77 ;g 


[Xe] 4/^'^ 54 '^ 65 ^ 

Platinum 

Pt* 

78 0 


[Xe] 4/'"^ 54® 65 ^ 

Gold 

Au* 

79 ^ 


[Xe] 4^^ 5d'° 65 ' 

Mercury 

Hg 

80 


[Xe] 4/'"^ 54 '“ 65 ^ 


FourU) transition or 6d-series : TEs series consists of 
elements from Ac(89) to Uub(112) except 14 elements of 
actinide series from Th(90) to Lr(103), 6(i-orbitals are gradually 
filled up. 


Element 

Symbol 

At No. 

Electromc 

configuration 

Actinium 

Ac 

89 

[Rn] 64' Is^ 

Rutherfordium 

Rf 

104 

[Rn] 5/'"' 64^ 75^ 

Hahnium 

Ha 

105 

•[Rn] 5/'"' 64* 75^ 

Seaborgium 

Sgt 

106 

[Rn] 5/'"' 64"' 75^ 

Bohrium 

Bht 

107 

[Rn] 5/'^' 64* 75* 

Hassium 

Hst 

108 

[Rn] 5/"' 64^ 75* 

Meitnerium ~ 

Mtt 

109 

[Rn] 5/'"' 64* 75* 

Ununnilium 

Uun* 

110 

[Rn] 5/'"' 64* 75* 

(Darmstadtium) 

Unununium 

(Ds)t 

Uuu* 

111 

[Rn] 5/'"' 64'° 75 ' 

(Rontgenium) 

Ununbium 

(Rg)t 

Uub* 

112 

[Rn] 5/'“' 64'° 75* 


*IUPAC names fAmerican names 


The elements from atomic numbers 106 to 112 have recently 
been reported but these heavy elements are very unstable. 

It is evident from the above electromc configurations that 
in transition elements n^-orbital is filled before (n - l)<i-orbitals. 
Fig. 14.1 tells that near about atomic number 20, 45-subshell 
has somewhat lower energy than 3c/-subshelL Due to this, in 
potassium (Z = 19) and calcium (Z = 20), 45-subshell is filled 



Atomic number 


Fig. 14.1 The relative energies of the atomic orbitals 
as a function of atomic number 

before 3<i-subshell. Therefore, the electromc configurations of 
potassium and calcium are: 

Potassium 19 15^25^2/35^3/45^ 

Calcium 20 15^25^2/35^3/45^ 

Beyond calcium, the energy of 3<i-subshell is less than the 
energy of 45 and 4/7-orbitals. Thus, 3<i-orbitals are filled from 
scandium (Z = 21) to zinc (Z = 30). The. filling of the 
3<i-orbitals proceeds one at a time. The d-orbitals are first 
occupied singly and then pairing starts. However, in two cases, 
cEomium (Z = 24) and copper (Z = 29), one electron is 
present on 45-orbital. 

3d 

Cr 24 


Cu 29 

The unusual filling patterns in cEomium and copper lead us 
to conclude Eat half filled and Elly filled subshells are 
unexpectedly stable. 

In the first series, 3(i-electrons become more effective in 
sEelding 45-electrons from the nucleus, Le., 3(i-electrons suffer 
more attraction than 45-electrons from nucleus. This is apparent 
from the fact that when atoms of the elements from atomic 


T 

T 

T 

T 

T 

Ti 

n 

Ti 

Ti 

Ti 


34 ^ 45 * 


34 '° 45 ' 
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number 21 to 30 change into cations, the 45-electrons are lost 
first before 3d-electrons, although 45-subshell was filled earher. 


Mn 

25 

(3^45^) 

Mn^'' 

3d 

Fe 

26 

(3/4j^) 

Fe^'^ 

3d 

Ni 

28 

(34V) 

Ni^" 

3d 


The same thing is repeated in second transition series, i.e., 
in the 5th period, the 55 -subshell is filled before 4<i-subshell. In 
rubidium (Z = 37) and strontium (Z = 38), 55 -subshell is filled. 
4<i-subshell is gradually filled from yttrium (Z = 39) to cadmium 
(Z = 48). In 6 th period, 65 -subshell is filled first before any 
electron is accoimnodated on 5d or 4/-orbitals. In lanthanum, 
(Z = 57), the energies of 4/, 5d and 65 are very close to one 
another and after filling 65 -orbital in caesium (Z = 55) and 
barium (Z = 56), the next electron in lanthanum is acco¬ 
mmodated on Sd-orbitals. In the subsequent elements from 
cerium ( Z = 58) to lutetium (Z = 71) 4/-orbitals are gradually 
filled. From hafnium (Z = 72), the Sd-orbitals are filled. This 
process is completed in mercury. 

Hf 72 4/'^54^6/ 

Hg , 80 4f‘^5d^°6s^ 

Similar pattern in fourth transition series is observed. 

The fourteen elements following lanthanum (Z = 57) from 
cerium (58) to lutetium (Z = 71) constitute the first inner 
transition series. These are also called lanthanides. In these 
elements 4/-orbitals are being filled successively. Similarly, the 
fourteen elements following actinium (Z = 89) from thorium 
(Z = 90) to lawrencium (Z = 103) constitute the second inner 
transition series. These are also called actinides. In these 
elements 5/-orbitals are successively filled. 

■ Conclusions 

(i) An inner core of electrons with noble gas configuration 
is present. 


Series 

Inner core with noble gas 

3d 

[Ar] 

4d 

[Kr] 

5d 

[Xe] 

6d 

[Rn] 


(ii) {n-l)d orbitals are filled up gradually with electrons, 
Le,, configuration varies fi-om (n -l)d^ to (n -l)d^^. Each 
series accommodates ten elements each. 

(iii) Most of the elements possess two electrons in the 
outermost orbital, fe, However, some of the elements 
such as Cr, Cu, Nb, Mo, Tc, Ru, Rh, Ag, Pt, Au and Uuu have 
one electron in the outermost orbital, Le ,, while one element 
palladium has no electron on ns orbital. 

uM GENERAL CHARACTERISTICS OF 
TRANSITION ELEMENTS 

The members belonging to a given transition series do not 
differ so much from one another as those of representative 
elements of the same period. It is due to the fact that in a 


transition series, there is no change in the number of electrons 
of outermost shell and only change occurs in the (n-l)d 
electrons from member to member in a period. These elements 
show horizontal and vertical relationships or they show 
similarities in a period as well as in group. The general trends 
of some of the important properties are discussed here first in 
the respective periods and then in groups. 

^ 1 . Metallic Character 

All the transition elements are metals. They exhibit most of 
the properties of metals. They possess metallic lustre, high 
density, high melting and boiUng points, malleability, ductility, 
high tensile strength, hardness, brittleness, etc. They are good 
conductors of heat and electricity. They exhibit all the three 
types of structures: face centred cubic (fee), hexagonal closed 
packed (hep) and body centred cubic (bcc). These properties 
^eve^rAaEbafe-metdlic^nd-e ovalent b €ffifeig-are-^pre$eRr4n - 
the atoms of transition elements. . : 

The metallic bonding is due to possession of one or two 
electrons in the outemiost energy shell like alkali and alkaline 
earth metals and relatively low ionisation energies. Copper, 
silver and gold are outstanding in their thermal and electrical 
conductivities. The properties of hardness and brittleness are 
associated with covalent bonding. The presence of unpaired 
and unfilled d-orbitals favours covalent bonding. Greater the 
number of unpaired d electrons, greater the number of covalent 
bonds and therefore, greater is the strength of these bonds. Cr, 
Mo and W are very hard metals as they have maximum number 
of unpaired rf-orbitals while Zn, Cd and Hg are softer in nature 
as they do not have any unpaired ^/-orbitals, 

^ 2. Atomic Radii 


The atomic radii for transition metals are smaller than their 
corresponding 5 -block elements. 


5~block elements 

I-1 

4th period K Ca 

At. radius (pm) 203 174 


Transition metals 


I- 1 ' 

Sc Cu 

144 117 


The atomic radii* of the elements of a given series decrease 
with increase in atomic number but this decrease becomes 
small after midway. In the first transition series, the atomic 
radius gradually decreases from scandium to chromium but 
from chromium to copper, it is nearly the same. Similar behavi¬ 
our has been observed in the second and third transition series. 


Miseries 

At radii 
(pm) 

4if-ser]es 

At radii 
(pm) 

5d-series 

At radii 

(pm) 

Sc 

144 

Y 

162 

La 

168 

Ti 

132 

Zr 

145 

Hf 

144 

V 

122 

Nb 

134 

Ta 

134 

Cr 

117 

Mo 

130 

W 

130 

Mn 

117 

Tc 

— 

Re 

128 

Fe 

117 

Ru 

125 

Os 

126 

Co 

116 

Rh 

125 

Ir 

126 

Ni 

115 

Pd 

128 

Pt 

129 

Cu 

117 

Ag 

134 

Au 

134 

Zn 

125 

Cd 

141 

Hg 

144 


* Covalent radii 






Transition Elements or rf-block Elements and /-block Elements 

The decrease in atomic radii in each series, in the beginning, 
is due to an increase in nuclear charge from member to member 
which tends to pull the ns electrons inward, ie,, it tends to 
reduce the size. At the same time, the addition of extra electrons 
to (n - l)d-oibitals also provides the screening effect. As the 
number of d electrons increases, the screening effect increases. 
Thus, there are operating two effects namely screening effect 
and nuclear charge effect which oppose each other. In the 
midway onwards of the series both these effects become 
nearly equal and thus, there is no change in atomic radii inspite 
of the fact that atomic number increases gradually. 

The values of atomic radii at the end of each series are bit 
higher. This is due to electron-electron repulsions among 
(n - l)d electrons. These repulsions become predominant at 
the end of each series and thus size increases. It is evident 

from the atomic radii values of coinag e and zinc metals. __ 

^^TTavertical row, the atomic radii is expected to increase 
from top to bottom. Therefore, the atomic radii of transition 
metals of second series have larger values than those of the 
first transition series. However, the transition metals of third 
series except the first member, lanthanum, have nearly the 
same radii as metals of second transition series above them. 
This is due to Lanthanide contraction. Due to inclusion of 
fourteen lanthanides between lanthanum and hafnium, [there is 
continuous decrease in size from Ce(58) to Lu(71)] hafnium 
size becomes nearly equal to the size of zirconium. 

s 3« Ionic Radii 

The ionic radii follow the same trend as the atomic radii. For 
the same oxidation state, the ionic radii generally decreases as 
the atomic number increases in a particular transition series. 

Ion Sc^-" 

Ionic radii (A) 0.95 0.90 0.88 0,84 0.80 0,76 0.74 0.72 0.69 

The ionic radii decreases with increase of charge on the ion, 

Fe^'^(0.64) < Fe^^(0.76) 

Ni^^(0.62) < Ni^+(0.72) 

Mn^'"(0.66) < Mn^^(0.80) 

The ionic radii of the transition metals are smaller than those 
of representative elements belonging to same period. 

^ 4. Atomic Volumes and Densities 

The atomic volumes of the transition elements are low as 
compared with elements in neighbouring groups I and II. This 
is because the nuclear charge is poorly screened and so attracts 
all the electrons more strongly. 

Element Sc Ti V Cr Mn Fe Co Ni Cu Zn 

At. volume (mL) 15.0 10.6 8.3 7.23 7.39 7,10 6.70 6.60 7.10 9.20 

Density (gitiL^*) 3.0 4.5 6.1 7.20 7.40 7.^6" 8.90 8.96 7.14 

Consequently, the densities of transition metals are high. 
The densities of second row are high and third row values are 
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still higher. The two elements osmium and iridium have high¬ 
est densities 22.59 g mL“’ and 22.61 g mL~* respectively. 
Practically all the transition elements except scandium, yttrium 
and titanium possess density higher than 5 g mL“\ 

^ 5. Melting and Boiling Points 

The transition metals have very high melting and boiling 
points. In each series, the melting points of these metals rise 
to a maximum value and then decrease with increase in atomic 
number. However, manganese and technetium have abnormally 
low melting points. The melting points of most of the transition 
elements except Zn, Cd and Hg are above 90{)°C. Tungsten 
has the highest melting point (341 CPC) amongst transition 
elements. 

The high melting and boiling points of transition metals are 
^ttributed-lxrthe^ongerftjrcesTharhmd^fheir atomsTogSherr 
The presence of one or more unpaired d electrons contributes ^ 
to higher interatomic forces on account of covalent bonding 
and therefore, to high melting points. [However, this concept 
does not explain why manganese having five unpaired 
d electrons possesses lower melting point than that of vanadium 
or cobalt which have only three unpaired d electrons. The 
complex structure is responsible for this abnormal behaviour.] 

When no unpaired electrons are present, the melting points 
are low as in the case of Zn, Cd and Hg. 

SiZ-Series Sc Ti V Cr Mn Fe Co Ni Cu Zn 

M.pt (°C) 1539 1668 1900 1875 1245 1536'1495 1453 1083 419.5 

B.pt fC) 2730 3260 3450 2665 2150 3000 2900 2730 2595 906 

M 6. Ionisation Energies 

The ionisation energy values of majority of ^f-block elements 
lie in between those of s- and p-block elements. The J-block 
elements are less electropositive than s-block elements and 
more electropositive than p-block elements. The transition 
elements do not form ionic compounds so readily as 5-block 
elements do. Unlike 5-block metals, transition elements form 
covalent compounds as well. Generally, lower valencies are 
ionic and higher valencies are covalent in nature. The first 
ionisation potential values are tabulated below in kJ moF^ 


Sc 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

631 

656 

650 

652 

71? 

762 

758 

737 

745 

906 

Y 

Zr 

Nb 

Mo 

Tc 

Ru 

Rh 

Pd 

H 

Cd 

616 

.674 

664 

685 

703 

711 

720 

804 

731 

876 

La 

Hf 

Ta 

W 

Re 

Os 

Ir 

Pt 

Au 

Hg 

541 

760 

760 

770 

759 

840 

900 

870 

889 

1007 


Ionisation potential values increase in a period from left to 
right. The increase, however, is not regular. For example, in 
the case of first transition series, the ionisation potential values 
of Sc, Ti, V and Cr are fairly close to one another. Similarly, 
values of Fe, Co, Ni and Cu are almost similar. 

The increase in the ionisation potential values in a given 
transition series is explained on the basis of increasing nuclear 
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charge and^cr^ning effect of (n-l)d electrons on ns 
electrons. With the increase of electrons in (n-l)ii-subshell, 
the outer ns electrons are shielded more and more. Thus, the 
effect of increasing nuclear charge is somewhat neutralised by 
the additional screening effect and consequently, ionisation 
potential increases but quite slowly among a period of d-block 
elements. The value of zinc is appreciably higher due to 
additional stability associated with completely filled 3dAevd in 
zinc. Slight variations that occur in ionisation potential values 
are mainly due to the slight changes in atomic radii. 

Second and third ionisation energies, in general, also increase 
in a series. However, exceptions are observed. 


3d series 

. lind ionisation 
energy (kj moF^) 

nird ionisation 
energy (kJ moF^) 

Sc 

1245 

! 2451 

--Ii_ 

.. .. 132(L__ 

2721 

V 

1376 

1 2874 

Cr 

1635 

2995 

Mn 

1513 

3258 

Fe 

1564 

2964 

Co 

1648 

3238 

Ni 

1757 i 

3401 

Cu 

1962 

3561 

Zn 

1736 

3839 


Third ionisation energy of manganese is very high. This is 
because the third electron is to be removed from a stable 
configuration, (Mn^‘^.3^^), Le:, half-filled 3ii-subshelL 

The second ionisation potential values of Cu and Cr are 
sufficiently higher than those of neighbouring elements. This 
is because of the electronic configuration of Cu"^ which is 3d^^ 
(completely filled) and of Cr^ which is 3^ (half-filled), 
for the second ionisation potential, the electron is to be removed 
from very stable configurations. 

In vertical columns, Le., groups, the ionisation potential 
decreases from first member to second member in most of the 
cases as expected, however, the third member has higher value 
than second member. This is due to lanthanide contraction, 
/.e., the atomic radii of the elements of the same group of the 
second and third transition series are nearly the same but 
atomic numbers differ by 32. Thus, the outer electrons are 
held very firmly and the ionisation potential values are very 
high. On account of this, the members of 5d are inert under 
ordinary conditions, ie,, Pt, Au, Hg, etc., are noble metals. 

a 7. Standard Reduction Potentials 

In solution, the stability of the compounds depends upon 
electrode potentials. Electrode potential value depends upon 
enthalpy of sublimation of the metal, the ionisation enthalpy 
and hydration enthalpy, Le,, 

M{s) -> M\aq) + e AHx (Total energy change) 
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This process involves three steps: 

First step 

Mis) -> Mig) Affgub (Energy of sublimation) 

Second step 

Mig) -> M^ig) + e LE. (Ionisation energy) 

Third step 

M^ig) + aq -> M^iaq) Affhyd (Hydration energy) 

Thus, AHj’ = AHsub + LE, + 

AHx is the total energy change when solid metal, M is 
brought in the aqueous medium in the form of monovalent ion, 
M'^iaq). 

The smaller the value of total energy change for a particular 
oxidation state in aqueous solution, greater will be the stability 
of that oxidation state. The electrode potentials are the measure 
of total energy change. Hence, quantitatively, the stability of 
the transition metal ions in different oxidation states in solution 
can determined oil the basis of the elecfrode potential data: 
The lower the electrode potential, more negative the 
standard reduction potential of the electrode, more 
stable is the oxidation state of the transition metal in the 
aqueous medium* The standard reduction potential values, 
E° iM^'^/M) and iM^^/M^^) of the members of first transifioh 
series are given telow: 

Elemeut Ti V Cr Mn Fe Co Ni Cu Zn 

P -1,63 -1.18 -0.91 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76 

P 0.37 0.26 -0.41 +-1.57 +0,77 +1.97 _ _ _ 

■ Trends in M^*/M 

Standard Electrode Potentials 

(i) It is evident that there is no regular trend in the 
E^iM^^/M) values. This is due to irregular variation of ionisation 
energies and sublimation energies of the atoms of the members 
of the transition series. 

(ii) Except copper, all other elements have negative reduction 
potential values, Le,, these elements except copper should 
have the capacity to liberate hydrogen from dilute acids. 

M + 2H'' (from acid)--> + H 2 T 

In actual practice, the rate of liberation of hydrogen is very 
slow. Some of the metals, in fact, get protected by the formation 
of a thin film of an inert oxide on the surface. Chromium, for 
example, in spite of its high negative reduction potential value 
is an unreactive metal as it does not liberate hydrogen due to 
a tUn coating of €1203 on its surface. 

Copper having positive value, does not liberate hydrogen 
from acids. It reacts only with oxidising acids such as HNO 3 
and cone. H 2 SO 4 . 
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THERMOCHEMICAL DATA (kj mof^) FOR ■ Trends in standard 

FIRST SERIES OF TRANSITION METALS Electrode Potentials 

(i) £” value for Sc^'''/Sc^''' is very low. Hence, Sc^’*' is stable. 

This is due to its noble gas configuration. 

(ii) P value for is high. This reflects that Mn^”^ 

state is stable due to configuration. 

(iii) P values for the redox couple indicate that 

and ions are strong oxidising agents. 

^ 8. Oxidation StsttBS 

The transition elements with the exception of a few show 
a large number of oxidation states. The various oxidation states 

(iii) Less negative of P values along the series is due to are related to the electronic configuration of their atoms. The 

increase in the first and second ionisation energies. oxidation states of the members of first transition series are 

(iv) The values of for Mn, Zn and Ni are more negative tabulated below. The oxidation states within brackets are not 

thatrnexpectedr-BitrTs-due^io-^extra^tabifity- of-dialfifiHed——^abt^^ - 

ii“subshell ({P) in (Mn^"^) and completely filled in Zn^"^. with fluorine and oxygen because fluorine and oxygen arei 

The high value in Ni can be attributed due to high hydration most electronegative in nature. 

energy. The variable oxidation states of a transition metal is due to 

(v) In spite of the fact that all the metals except copper have the involvement of {n-l)d and outer ns electrons in bonding 

negative P values, but are not good reducing agents in as the energies of ns and (n - l)d subshells are nearly equal, 
comparison to s-block elements. This is on account of high The lower oxidation state is generally shown by when ns- 
enthalpy of sublimation, high enthalpy of ionisation and poor etetrons participate in bonding and higher oxidation states are 

enthalpy of hydration. exhibited when ns and (n - l)rf-electrons take part in bonding. 



Element 


Sc 

3d\4s^ 

Ti 

3d\4s^ 

V 

3d^As^ 

Cr 

3d\4s^ 

Mn 

3d\4s^ 

Fe 

3/,45^ 

Co 

3/,45^ 

Ni 

3d®,4? 

Cu 

3d“,4s' 


Outer electronic conjuration 



Oxidation states 


(+2), +3 


(+2), 4*3, +4 

+2, +3, 44, +5 

(+1), +2, +3, (44), (+5), 46 

+2, 4-3, 44, (4-5), 4-6, +2 

42, 43, (44), (45), (46) 

42, 43, (44) 

42, 43, 44 
4l, 42 


Zn 


3d^W 


+2 
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From the survey of the oxidation states of transition elements, 
the following conclusions are drawn: 

(i) Generally, within the transition series, the highest 
oxidation state increases with increase of atomic 
number, reaching to a maximum in the middle and 
then starts decreasing. For example, in the first 
transition series manganese shows the maximum 
oxidation state of +7. The highest oxidation state shown 
by any transition metal is + 8 . Ruthenium in second 
transition series and osmium in the third transition 
series show +8 oxidation state. 

(ii) In general, the minimum oxidation state shown by a 
transition metal is equal to the number of ns-electrons. 
Except scandium, (which has +3 oxidation state) for 
the elements of first transition series +2 oxidation 
state is the most common. This state arises due to 
loss of 4s-electrons. However, for chromium and 
cc^STthe lowest oxidation state is +1. This is 
due to their electronic configurations, Cr( 3 <i^ 45 ^) and 

1A 1 

Cu(3d 4s ). Thus, it is evident that after scandium 
(i-orbitals am more stable than 45 -orbital, Le,, the 
energy associated with 3 d-subshell is less than that of 
4s-subshelL 

(iii) In the first five elements of the first transition series, 
Le., upto manganese (3(i-subshell is no more than 
half-filled), the maximum oxidation state is equal to 
the sum of the 45 and 3d-electrons. For example, 
maximum oxidation state for titanium is +4 (3(f4^X 
for vanadium + 5 ( 3 ^ 45 ^), for chromium + 6 ( 3 d^ 45 ^) 
and for manganese, it is +7 ( 3 <^ 45 ^). 

For the remaining five elements the maximum oxidation 
state is not related to their electronic configurations. 
The common oxidation states for the elements from 
Fe to Ni are +2 or +3. The oxidation state higher than 
+3 is rarely shown. 

(iv) Some of the transition metals form compounds in 
zero oxidation state. The common examples are 
Ni(CO )4 Fe(CO )5 in which nickel and iron are in 
zerovalent state. 

(v) In +2 and +3 oxidation states, the bonds formed are 
mostly ionic. On the other hand, in higher oxidation 
states, the bonds formed are essentially covalent. 
Higher states are usually attained with elements of 
high electronegativity such as fluorine and oxygen. 
For example, in the ions such as CrOl”, Mn 04 , the 
bonds formed are covalent.* 

(vi) ' The relative stability of various oxidation states of a 

given element can be explained on the basis of stability 
of d^ and d^^ configurations. For example, 
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(3d°4/) is more stable than (3/45°); 
Mn^"'’(3/4s°) is more stable than Mn^'*' (3d^4s\ Fe^'*' 
( 3 / 45 °) is more stable than Fe^'^(3<i®4s°), etc. 

The relative stabilities of various oxidation states of a 
given element can also be explained on the basis of 
standard electrode potential data. For example, in case 
of copper we have 

Cu*iaq) + e~ -> Cu(5); = 0.52 V 

Cu^\aq) + 2e- -> Cu(s); = 0.34 V 

Thus, C/ is reduced easily and hence is less stable 
than Cu^^. 

(vii) In a group of d-block elements, the higher oxidation 
states are more stable for heavier elements. For 
example, in group 6 , Mo(vi) and W(vi) are more stable 
than Cr(vi). For example, dichromate having Cr(vi) is 
_ ^ strong oxidising agent in acid ic medium while M 0 O 3 

and WO 3 are stable oxides. 

(viii) In transition elements the successive oxidation states 
differ by unity. 


it 


A substance appears coloured because it absorbs light at- 
specific wavelengths in the visible part of the electromagnetic 
spectrum (4000 to 7000A) and transmits or .reflects the rest 
of the wa^lengths. Each wavelength of visible light represents 
a different colour. White light is a combination of all colours. 
The table given shows the relationship of wavelength absorbed 
to the observed colour. 


Wavelength absorbed (A) 
4000 (Violet) 

4500 (Blue) 

■ 4900 (Blue-green) 

5700 (Yellowish green) 
5800 (Yellow) 

6000 (Orange) 

6500 (Red) 


Colour observed 

Greenish yellow 

Yellow 

Red 

Violet 

Dark blue 

Blue 

Blue-green 


Most of the compounds of transition metals are coloured in 
the solid or in solution states. The colour of transition metal 
ions arises from the excitation of electrons from the d-orbitais 
of lower energy to the d^-orbitals of higher energy. The energy 
required for d-d electron excitations is available in the visible 
range. It is for this reason that transition metal ions have the 
property to absorb certain radiations from the visible region 
and exhibit the complementary colour. The colours and outer 
electronic configurations of important ions of the elements of 
first transition series are tabulated ahead: 
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COLOURS AND MAGNETIC MOMENTS OF IONS OF 
THE FIRST TRANSITION SERIES 


Ion 

Outer 

configuration 

Number of 
unpaired 
electrons 

Colour of the 
ion 

Magnetic 

moment 

(B.M,) 

Sc^ 

3d° 

0 

Colourless 

0 

Ti4+ 

3d° 

0 

Colourless 

0 

^j3+ 

3d^ 

1 

Purple 

1.75 


3d^ 

2 

Green 

2.76 

Cr^*" 

3d^ 

3 

’Violet . 

3.86 


3 / 

4 


5.0 


3d^ 

5 

Light pink 

5.96 


3d^ 

4 

Green 

5,10 


3 / 

5 

YMlow 

5.96 

Co^'" 

3d'’ 

3 

Pink 

4.4 - 5.2 


3d^ 


Green 

2.9 - 3 A . 


3d^ 

1 

Blue 

1.8 ~ 2.2 

Cu"" 

3d^° 

0 

Colourless 

0 


3d’° 

0 

Colourless 

0 


Complementary colours can be identified using Munshel 
colour wheel. 



V = Violet 
B = Blue 
G = Green 

Y = Yellow 
O = Orange 
R =Red 


Opposite colours are complementary. 

The transition metal ions which have completely filled 
J-orbitals or such as Cd 2 +, Hg 2 +, Cu"", 

Ag^ and Au'*' ions are colourless as the excitation of electron 
or electrons is not possible within J-orbitals. The transition 
metal ions which have completely empty J-orbitals such as 
Sc^"^, Ti^^, etc,, are also colourless. 

[Note : In the oxysaits of transition elements like KMn 04 , K 2 Cr 207 , 
there are no unpaired electrons at the central atom but they are 
deep in colour. The colour of these compounds is due to chaise 
trmsfer spa:trum. 

Observe the colour of following compounds of silver 
AgQ AgBr Agl 

Colour White Pale Yellow Yellow Black 

% Ionic character 80% 24% 15% 4% 

Ag"" = 

There is no unpaired electron with Ag'^. Thus, colour of these 
compounds can be explained on the basis of percentage ionic 
character. 

If the ionic character of these ionic compounds is le^ than 20% 
then the compound will be coloured.] 


* This expression is applicable mainly to 3d elements. 

ch 

1 B,M.= B.M. = Bohr-magneton 


a 10. Magnetic Properties 

Majority of substances show magnetic nature. These are 
either paramagnetic or diamagnetic. A paramagnetic sub- 
stance is one which is weakly attracted into a magnetic field 
and a diamagnetic substance is one which is repelled by a 
magnetic field. The paramagnetic behaviour arises due to the 
presence of one or more singly occupied atomic orbitals, while 
diamagnetic behaviour is due to presence of paired electrons 
in the atomic orbitals. 

Most of the compounds of transition elements are para¬ 
magnetic in nature as unpaired electrons in ^i-subshell are present. 
The magnetic character is expressed in terms of magnetic 
moment. The magnetic moments arise only from the spin of 
electrons. The effective total magnetic moment, (leff, is given 
by the express ion.* ____ ____ 

Vkff ~ ^Jn{n + 2) B.M. 

where n is the number of unpaired electrons. Larger the number 
of unpaired electrons in a substance, the greater is its magnetic 
moment in Bohr-magneton and larger shall be its paramag¬ 
netism. The magnetic moments of some important ions of the 
elements of first transition series are given in the table. 

It is evident from the values that the magnetic moments or 
paramagnetic behaviour increases as the number of unpaired 
electrons increases from 1 to 5, After configuration, there 
is decrease in magnetic moment as the number of unpaired 
electrons decreases. 

In the case of iron, cobalt and nickel the unpaired electron 
spins are much more pronounced. As a result, these elements 
are much more paramagnetic than the rest of the elements. 

These elements are termed ferromagnetic and can be 
magnetised. 

ii 11. Tendency to form Complexes 

J-block elements have a marked abiUty to form complex 
compounds. This ability is on account of following three 
reasons: 

(i) Small size (ii) high nuclear charge (iii) a number of 
vacant orbitals of equivalent energy where, the electrons donated 
by ligands can be accommodated. Ligands are species with 
lone pair of electrons which they can readily donate. These 
species can be neutral molecules such as NH 3 , H 2 O, NO, CO, 
etc., or ions such as F^, CF, CN“, etc. 

The number of attachment with ligands are usually either 
four or six, Le,, the coordination number of metal ion is usually 
four or six. The compounds containing complex ions are termed 
as coordination compounds. Na 3 [Fe(CN) 6 ], [Cu(NH 3 ) 4 ]S 04 , 
[Cr(NH 3 ) 5 ]Cl 3 and Ni(CO )4 are some of the examples of 


e = Charge of electron; h = Planck constant; m = Mass of electron; c = Velocity of light 
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coordination compounds. Coordination compounds are 
discussed in detail in chapter 15. 

@12. Formation of Interstitial Compounds 

Small non-metallic atoms such as H, B, C, N, etc., are able 
to occupy interstitial spaces of the lattices of the d-block 
elements to form combinations which are termed interstitial 
compounds. These are non-stoichiometric in nature and do not 
follow the common rules of valency. The bonds present are 
neither typically ionic nor covalent. The formulae do not 
correspond to any normal oxidation state of the metal. 

Some of the characteristics of interstitial compounds are: 

(i) The interstitial compounds have similar chemical 
properties as the parent metals but differ appreciably 
in their physical properties such as density, conductivity, 

_ hardne ss, etc. 

(ii) As a result of filling up of the interstitial spaces, the 
metals become rigid and hard. Steel is quite hard as it 
is interstitial compound of Fe and C. Some of the 
borides are as hard as diamond. 

(iii) Interstitial compounds possess high melting points 
which are higher than those of pure metals. 

3 13. Catalytic Properties 

Many of the rf~block elements and their compounds act as 
catalysts in various reactions. Some common examples are : 

(i) Pt—used as a catalyst in the manufacture of H 2 SO 4 . 

(ii) Fe—used as a catalyst in the manufacture of NH 3 by 
Haber process. A small amount of molybdenum is 
added as a promoter. 

(iii) Ni»—^used as a catalyst in the hydrogenation of oils. 

(iv) V 2 O 5 —^used as a catalyst for the oxidation of SO 2 
into SO 3 for the manufacture of H 2 SO 4 in the contact 
process. 

(v) Mn 02 —used as a catalyst in the decomposition of 
KCIO 3 for preparation of oxygen. 

(vi) Cobalt salts catalyse the decomposition of bleaching 
powder. 

Catalytic property is probably due to the utilisation of 
{n “ l)(i“Orbitals or formation of interstitial compounds. 

® 14- Alloy Formation 

Transition metals form a large number of alloys. Since d- 
block elements are quite similar in atomic size, the atoms of 
one metal can substitute the atoms of other metal in its crystal 
lattice. Thus, on cooling a mixture solution of two or more 
transition metals, smooth solid alloys are formed. 

Alloys containing mercury as one of the constituent elemente 
are called amalgams. The puipose of making aUoys is to 
develop some useful properties which are absent in the 
constituent elements. 
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s 15. Some Important Compounds 

The transition metals combine with a number of non-metals 
such oxygen, nitrogen, carbon, halogens, sulphur and 
phosphorus, etc., to form useful binary compounds. General 
trends in oxides, halides and sulphides are discussed. 

(a) Oxides : The elements of first transition series form 
a number of oxides having general formulae MO, M2O3, M3O4, 
MO2, M2O5, MO3. The oxides are generally formed when the 
metals are strongly heated at high temperature in the atmosphere 
of oxygen. These oxides exhibit acidic, basic and amphoteric 
behaviour. The important and common oxides of the elements 
of first transition series are listed in the following table : 

OXIDES OF THE METALS OF FIRST 
TRANSITION SERIES 

Sc Sc20:i(b) 

Ti TiO(b) Ti 203 (b) TiOiCc) 

V“'^''VO(b)"" Y2b3(br‘'^^ . 

Cr CrCXb) CraOaCc) er02(c) CiOsCa) 

Mn MnO(b) Mn203(b) Mii02(c) 

Fe FeO(b) FeaOaCb) 

Co CoO(b) [Co20|(b)][CoO|]^.. 

Ni NiO(b) [Ni205(b)]Ni0| Mixed 
Cu CuO(b) 

Zn ZnO(b) _ 

where a = acidic; b - basic; c = amphoteric; h = hydrated 
[Note: Stoble oxides have been indicated by bold letters. Unstable are 
in parentheses.] 

(i) The oxides in lower oxidation states are basic in nature. 

(ii) The oxides in intermediate oxidation states are 
amphoteric. 

(iii) The oxides of higher oxidation states are acidic in nature. 

Examples: 

Oxides of chromium : 

CrO Cr203 Cr02 CrOs 

O.N. +2 +3 +4 +6 

Basic Amphoteric Acidic 

-> Acidic character 

increases 

Oxides of manganese : 

MnO MnaOs MnOa MnOs MnaO? 

O.N. +2 - 1-3 - 1-4 +6 - 1-7 

Basic Amphoteric Acidic 

-^Acidic character 

incre^es 

It can also be said that if a metal forms a numter of oxides, 
the acidic nature of the oxides increases as the f^rcentage of 
oxygen increases. 

(iv) The basic and amphoteric oxides generally dissolve in 
non-oxidising acids like HCl to form hexaaquo ions, 
[M(H 20 ) 6 ]"^. 


Mn 304 (c) 

Fe 304 (b) 


[Mn 03 (a)]Mn 207 (a) 





Transition Elements or i-block Elements and/-block Elements 


661 


(v) Some of the oxides dissolve in acids or bases to form 
oxometallic salts such as chromates, dichromates, perman¬ 
ganates, etc. 

(b) Halides : Transition metals combine with halogens at 
high temperatures to form compounds called halides. On 
account of high activation energies of these reactions, high 
temperature is usually needed to start the reaction, but once the 
reaction starts, the heat of reaction is sufficient to maintain the 
continuity of the reaction (Reactions are exothermic in nature). 
The order of the reactivity of halogens is : 

F > Cl > Br > I 


Metals in higher oxidation states only form fluorides as it is 
the most electronegative and reactive element. The following 
are some of the general characteristics of halides. 

(i) Ruorides are mainly ionic in nature. The chlorides, 
bronSdes^Slodides have ionic as well as covalent character. 
The covalent character increases as atomic mass of the halogen 
increases. For example, CuF 2 is ionic compound while CUCI 2 
and CuBr 2 are covalent forming infinite chains. The coordination 
number of the copper in these compounds is six. The structure 
of CuCl 2 is given below : 



(ii) Halides of metals in higher oxidation states are relatively 
unstable and undergo hydrolysis very easily. 

TiCU + 2 H 2 O-> Ti02 + 4HC1 

The solutions of several halides are acidic in nature due to 
hydrolysis. These solutions can be stabilised by addition of 
acids in order to prevent hydrolysis. 

FeCla + 3 H 2 O ^ Fe(OH )3 + 3HC1 
CUCI 2 + 2 H 2 O ^ Cu(OH )2 + 2HC1 
(c) SulpMdes: Sulphides of transition metals can be 
formed either by direct combination of the metals with sulphur 
or by action of H 2 S or Na 2 S on the salts of these metals. 

Fe + S-> FeS 

CUSO 4 + H 2 S-^ CuS + H 2 SO 4 

2 AgN 03 + Na2S-> Ag2S + 2 NaN 03 

Sulphides of transition metals are coloured usually black 
and are insoluble in water. 


14^ CHEMISTRY OF CHROMIUM 


Chromium belongs to group 6 (VI B) of the extended form of 
periodic table. The other members of the group are molybdenum 
(Mo) and tungsten (W). The most abundant element of this 
group is chromium. The most important ore of chromium is 

chromite or chrome-iron stone, Fe 0 ‘Cr 203 . 


The concentrated ore is mixed with excess of sodium 
carbonate and roasted in a reverberatory furnace in a free 
supply of air. Cr 203 present in the ore is converted into sodium 
chromate. 

4 Fe 0 -Cr 203 + 8 Na 2 C 03+702 -^ 8 Na 2 Cr 04 + 2 Fe 203 + 8 CO 2 

Chromite ore (from air) 

The roasted mass is extracted with water when Na 2 Cr 04 
goes into solution leaving behind insoluble Fe 203 and 
unconverted ore. The solution is treated with calculated amount 
of sulphuric acid to convert sodium chromate into dichromate. 

2 Na 2 CiO 4 +H 2 S 04 -> Na 2 Cr 207 +Na 2 S 04 +H 20 

■ The solution is concentrated when less soluble Na 2 S 04 
crystallises out. The solution is further concentrated when 
crystals of Na 2 Cr 207 are obtained. Na 2 Cr 207 is heated with 
and the chfoifiifeT^^ extracted with water 

when Gr 203 is precipitated. : . 

Na2Cr207 + 3C-> Na2Cr204 + 3CO 

Sodium chromite 

Na 2 Cr 204 + H 2 O-> 2NaOH Cr 203 

Reduction of Cr 203 is done by Goldsmith alumino-thermic 
process. 

Cr 203 + 2A1-> 2Cr + AI 2 O 3 

The mixture is taken in the ratio of 3 : 1 in a refractory 
crucible and the mixture is ignited with burning magnesium 
ribbon. The metal obtained is about 92% pure. It is further 
purified electrolytically using mercury as cathode and chromic 
chloride solution as electrolyte. The amalgam is finally heated 
in vacuum to get 99.7% pure metal. 

Feirochrome: An alloy of Cr and Fe containing about 
75% Cr is obtained when chromite ore is reduced with carbon 
in an electric furnace. 

FeO‘Cr 203 + 4C-> Fe + 2Cr + 4CO 

Ahoy 

Ferrochrome is extensively used for alloying with iron to 
make special steels. 

■ Uses 

(i) Chromium is used in making aUoys such as chrome 
steels, stainless steel (18% Cr) and nichrome (Ni 60%, Fe 
25%, Cr 15%). 

(ii) It is extensively used for plating metals because it is very 
resistant to corrosion. 

(iii) Its compounds find wide applications. 

The outer electronic configuration of chromium is 3d^As ^. 
It exhibits a large number of oxidation states varying from O 
to + 6 , The stable and important oxidation states of Cr are +2, 
+3 and + 6 . Chromium (II) compounds are reducing agents as 
they are readily converted into chromium (III) compounds 
even by the oxygen of the air, +3 oxidation state is highly stable 
in acid solutions but it gets oxidised readily to +6 oxidation 
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state in alkali solutions. Chromium compounds in +6 oxidation 
states are strong oxidising agents. 

14.5 POTASSIUM DICHROMATE, KaCrgOr 

It is the most important compound of Cr (VI). It is manufactured 
from chromite ore. Chromite om is first converted into sodium 
dichromate as described in section 14.4. The hot saturated 
solution of sodium dichromate is mixed with KCl. Sodium 
chloride precipitates out from the hot solution which is filtered 
off. On cooling the mother liquor, crystals of potassium 
dichromate separate out. 

Na 2 Cr 267 + 2KC1-> K 2 Cr 207 + 2NaCl 

■ Properties 

It is orange-red coloured crystalline compound. It is 
Tno’deraTely sotablein cold"watgrfrm^eery^oh3teiinrhot water.^ 
It melts at 398°C. On heating strongly, it decomposes liberating 
oxygen. 

2K2Cr207 -> 2 K 2 Cr 04 + Cr203 + |02 

On heating with alkalies, it is converted to chromate, i.e,, 
the colour changes from orange to yellow. On acidifying, 
yellow colour again changes to orange. 

K2Cr207 + 2KOH-> 2K2Cr04 + H 2 O 

Cr 2 (^‘ + 20H"-> 2CiO4"+H20 

Orange Yellow 

2 CrO^“ + 2 H^-> CrjO^" + H 2 O 

Yellow Orange 

In alkaline solution, chromate ions are present while in acidic 
solution, dichromate ions are present. Both the ions are in 
equilibrium at pH = 4. 

PH = 4 

Cr 207 " + H 2 O 2 CrO^" + 2 H* 

Potassium dichromate reacts with hydrochloric acid and 
evolves chlorine. 

K 2 Cr 207 + 14HC1-^ 2KC1 + 2 C 1 CI 3 + 7 H 2 O + 3 CI 2 

It acts as a powerful c>xidising agent in acidic medium 
(dilute H 2 SO 4 ). 

Cr 207 “ + 14ir + 6 *?"-> 2 Cr^'^ + THjO 

Cold concentrated solution of K 2 Cr 207 , on treatment with 
concentrated H 2 SO 4 forms chromic anhydride (Cr 03 ). 

H 2 SO 4 -> 2 Cr 03 + K 2 SO 4 + H 2 O 

Red crystals 

The oxidation state of Cr changes from +6 to +3. 

The potential equation in terms of available oxygen can be 
given as: ' 

K2Cr207 + 4H2SO4-> K2SO4 + Cr2(S04)3 + 4H2O + 3 [ 0 ] 

1 mole 6x8 

Thus, the equivalent mass of K 2 Gr 207 in acidic medium is 

Mol. mass . 294 

—^-, ^.e,-= 49, 


Some typical oxidation reactions are given below : 

(i) Iodine is liberated from potassium iodide. 

K2Cr207+4H2S04 -> IC2S04+Cr2(S04)344H20+3[0] 

[2KI + H 2 SO 4 + [O] -> K 2 SO 4 + I 2 + H 2 O] X 3 

K2Cr207+6KI+7H2S04-> 4K2S04+Cr2(S04)3+7H20+3l2 

The equation in terms of electron method may also be 
written as 

Cr 2 <^"+ I4lt+6e~ -» 2 Cr^'"+ 7 H 20 

-> 312 6 ^^ 

Cr 207 “ + 14ir + 61“-> 2Cr^^ + 3 I 2 + 7 H 2 O 

(ii) Ferrous salts are oxidised to ferric salts. 

K2Cr207 + 4 H 2 SO 4 -> K 2 SO 4 -I- Cr2(S04)3 + 4 H 2 O +3[0] 

-[ 2 EeS 04 ^-H 2 S 0 ^+ ^^Ee2(S04)3-K4l20]x3- 

K2Gr2G7 + 6FeS04 + 7H2SO4 > 3Fe2(SOi()3 + Gr2(S04)3 

+ 7H2O + K2SO4 

or 6Fe^'" + Cr207“+14ir-> 6Fe^^ + 2Cr^+ + 7H2O 

(iii) Sulphites are oxidised to sulphates. 

K2Cr207 + 4 H 2 SO 4 ^ K 2 SO 4 + Cr2(S04)3 + 4 H 2 O + 3[0] 
[NasSOa + [O]-> Na2S04]x3 

K2Cr207 -1- 3Na2S03 + 4H2SO4-> 3Na2S04 + K2SO4 + 

Cr2(S04)3 + 4 H 2 O 

or Cr207" + 3S03“+8H^-^ 3801“ + 2Cr^^ + 4H2O 

(iv) H 2 S is oxidised to sulphur. 

K2Cr20744H2S04+3H2S -> K2S044Cr2(S04)3+7H20+3S 

or Cr20|“ -H 3H2S + 8H''-> 2Cr^'" -I- 7H2O + 3S 

(v) SO 2 is oxidised to H 2 SO 4 . 

K 2 Cr 207 + 4 H 2 SO 4 -> K 2 SO 4 + Cr 2 (S 04)3 + 4 H 2 O + 3[0] 

[SO 2 + [O] + H 2 O —4 H 2 S 04 ]x 3 

K 2 Cr 207 + H 2 SO 4 + 3 SO 2 -> K 2 SO 4 + Cr 2 (S 04)3 + H 2 O 

or Cr207"+3S02+2H^-> 2Cr^^+3S04“+H20 

When the solution is evaporated, chrome-aliim is obtained. 

(vi) It oxidises ethyl alcohol to acetaldehyde and acetaldehyde 
to acetic acid. 

C 2 H 5 OH CH 3 CH 0 - 5 %CH 3 C 00 H 

Ethyl alcohol Acetaldehyde Acetic acid 

It also oxidises nitrites to nitrates, arsenites to arsenates, 

2~ 2— 

thiosulphate to sulphate and sulphur (S 2 O 3 + O- > SO 4 

+ S), HBr to Br 2 , HI to I 2 , etc. 

Gr 207 “ + SH"" + 3 NO 2 -> 2Gr^^ + 3N0i + 4 H 2 O 

Gr207" + 8 H^ + 38203 “-> 2Gr^‘" + 3801“ + 38 + 4 H 2 O 

K 2 Gr 207 + 14HBr-> 2KBr + 2GrBr3 + 7 H 2 O + 3 Br 2 

K2Gr207 + 14HI-^ 2KI + 2Crl3 + 7 H 2 O + 3 I 2 
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(vii) Chromyl chloride test: This is a test of chloride. 
When a mixture of a metal chloride and potassium dichromate 
is heated with cone. H 2 SO 4 , orange-red vapours of chromyl 
chloride are evolved. 

K2Cr207 + 2H2SO4-> 2KHSO4 + 2Cr03 -1- H2O 

[NaCl + H2SO4-» NaHS04 + HCl] x 4 

[CrOs + 2 HC 1 -> Cr02a2 + H2O] x 2 

K2Cr207 + 6H2SO4 + 4 NaCl-> 2KHSO4 + 4NaHS04 

+ 2Cr02Cl2 + 3 H 2 O 

Chromyl chloride 

When chromyl chloride vapours are passed through NaOH 
solution, yellow coloured solution is obtained, 

_4NaOM^4-^rQ2Gl2-^Na 2 Gre^ 2 Naed-+-^H 2 

Yellow soln. 

The yellow coloured solution on acidification with acetic 
acid followed by addition of lead acetate gives thick yellow 
precipitate of lead chromate. 

Na 2 Cr 04 + (CH3COO)2Pb-> PbCr 04 + 2CH3COONa 

Lead chromate 
(yellow ppt.) 

[Note ; This test is not positive with the chlorides of Hg, Ag, Fb and SnJ 

(viii) Acidified K 2 Cr 207 solution reacts with hydrogen 
peroxide to give a deep blue solution due to formation of CrOs. 
It is unstable and blue colour fades away gradually due to 
formation of chromic sulphate. 

K 2 Cr 207 + H 2 SO 4 -> K 2 SO 4 + H 2 Cr 207 

(cone.) 

[H2O2-^ H2O + O] X 4 

H2Cr207 + 4[0]-> 2Cr05 + H 2 O 

K2Cr207 + H2SO4 + 4H2O2-^ 2Cr05 + K2SO4 + 5H2O 

4 Cr 05 + 6 H 2 SO 4 -> 2 Cr 2 (S 04)3 + 6 H 2 O - 1 - IO 2 

CrOs (peroxide of chromium) is represented as 



O 

(Butterfly shape) 


■ Some Miscellaneous Reactions 

(a) Powdered K 2 Cr 207 on treatment with warm concentrated 
HCl forms petigot’s salt. 

K2Cr207 2HC1-> 2KCr03Cl + H 2 O 

Potassium 
chlorochromate 
(Petigot's salt) 

(b) With K 2 CO 3 , K 2 Cr 207 forms potassium chromate. 

K 2 Cr 207 + K 2 CO 3 -> 2 K 2 Cr 04 + CO 2 


(c) Potassium dichromate on heating with carbon is reduced 
to potassium chromite which on treatment with water gives 
chromium sesquioxide. 

K2Cr207 + 3C-> K2Cr204 + 3CO 

K2Cr204 + H 2 O-> 2KOH + Cr203 

(d) When potassium dichromate and ammonium chloride 
mixture is heated, nitrogen is evolved. 

Heat 

K 2 Cr 207 + 2 NH 4 CI-> 2Ka + Cr 203 + N 2 + 4 H 2 O 

(e) K 2 Cr 207 , on fusion with K 4 Fe(CN) 6 , potassium cyanate 
is formed. 

2K2Cr207 + 2K4Fe(CN)6-> 6 KCN Q + 2Cr203 + 2 K 2 O 

..",... +' 

Structure of chromate and dichromate : The 

chromate ion has a tetrahedral structure. In dichromate, two 
tetrahedral sharing one oxygen atom at one comer are present. 



■ Uses 

Potassium dichromate is used (i) as a volumetric reagent in 
the estimation of reducing agents such as oxalic acid, ferrous 
ions, iodide ions, etc. It is used as a primary standard, (ii) for 
the preparation of several chromium compounds such as 
chrome alum, chrome yellow, chrome red, zinc yellow, etc. 
(iii) in dyeing, chrome tanning, calico printing, photography, 
etc. (iv) chromic acid as a cleansing agent for glassware, 
(v) in organic chemistry as an oxidising agent (vi) as laboratory 
reagent, (vii) Acidified solution of K 2 Cr 207 provides a test to 
find out whether a person is drunken or not. A person is asked 
to breathe into a solution of K 2 Cr 207 (acidified). If the colour 
of the solution turns green, it confirms that the person is in 
drunken state. 

144j CHEMISTRY OF MANGANESE 

Manganese is a member of group 7 (VIIB). The other members 
of the group are technetium (Tc) and rtienium (Re). Of these 
elements, only manganese is important. It is twelfth most 
abundant element by mass in earth’s crust. Technetium is not 
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found in nature and was the first man-made element. Rhenium 
is a very rare element. The important ores of manganese are; 

(i) Pyrolusite, Mn 02 

(ii) Braunite, Mn 203 and 

(iii) Hausmannite, Mn 304 . 

Manganese is obtained from its oxide ore generally pyrolusite 
or hausmannite by reduction with carbon or aluminium. 

Since Mn 02 gives an explosive reaction with aluminium, it 
is first converted into niianganomanganic oxide, Mn 304 , by 
heating to redness. This is then reduced with aluminium in fire¬ 
clay crucible embedded in sand. 

3Mn02-^ Mn304 + O 2 

3 Mn 304 + 8A1-> 9Mn + 4 AI 2 O 3 

Manganese is purified by distillation in vacuum. 

- IheL_chief use_of manganese is in steel production. 95% of 
the manganese ores mined are used in steel industry to produce 
alloys. The mixed oxides of iron and manganese are reduced 
by heating in a blast furnace along with carbon. Two important 
alloys are ferromanganese (80% Mn and 20% Fe) and 
spiegeleisen (20 - 30% Mn, 5% C and rest Fe). 

5 2 

The outer electronic configuration of manganese is 4^ . 
It exhibits a large number of oxidation states varying from 
0 to +7. The zero oxidation state is observed in carbonyls. The 
+2 state is the most stable and most common. Manganese 
exhibits +3, +4, +6 and +7 oxidation states. In +7 state the 
permanganates are strong oxidising agent. +4 and +7 states are 
also stable. Manganese forms a number of oxides. The basic 
nature decreases while acidic nature increases as the oxidation 
state increases. 


Oxide 

MnO MnaOa 

Mn02 

MnOa 

(unstable) 

Mn 207 

Oxid. state 

+2 +3 

+4 

+6 

+7 

Nature 

Basic 

Amphoteric 

Acidic 

Strongly 

acidic 


Manganous Manganic Manganites Manganates 
• salts salts 

Permanga¬ 

nates 


Manganese also forms a mixed oxide, Mn 304 , which is a 
combination of MnO and Mn 203 . It is known as mangano- 
manganic oxide. 


14^ POTASSIUM PERMANGANATE, KMn04 

This is the most important and well known salt of f«manganic 
acid. It is prepared from the pyrolusite ore. It is prepared by 
fusing pyrolusite ore either with KOH or K 2 CO 3 in presence 
of atmospheric oxygen or any other oxidising agent such as 
KNO 3 . The mass turns green with the formation of potassium 
manganate, K 2 Mn 04 . 

2Mn02 + 4KOH + O 2 -> 2K2Mn04 + 2 H 2 O 

2Mn02 + 2K2CO3 + O2-^ 2K2Mn04 + 2CO2 

The fused mass is extracted with water. The solution is 
now treated with a current of chlorine or ozone or carbon 
dioxide to convert manganate into permanganate. 

2K2Mn04 + CI 2 -> 2KMn04 + 2KC1 


2 K 2 Mn 04 + H 2 O + O 3 -> 2 KMn 04 + 2KOH + O 2 

3K2Mn04 + 2 CO 2 -^ 2 KMn 04 + Mn 02 + 2 K 2 CO 3 

Now-a-days, the conversion is done electrolytically. 

, It is electrolysed between iron cathode and nickel anode. 
Dilute alkali solution is taken in the cathodic compartment and 
pot^sium manganate solution is taken in the ancxlic 
compartment. B^th the compartments are separated by a 
diaphragm. On passing current, the oxygen evolved at anode 
oxidises manganate into permanganate. 

At anode : 

2K2Mn04 + H 2 O + O-> 2KMn04 + 2KOH 

MnOl” -> MnOJ + e 

Green Purple 

At cathode : 

- 2 H±-l-^e- >Ai2 --- 

The anodic solution is concentrated under controlled condi¬ 
tions. when crystals of potassium permanganate are obtained. 

■ Properties 

It is purple coloured crystalline compound. It is fairly soluble 
in water. When heated alone or with an alkali, it decomposes 
evolving oxygen. 

2 KMn 04 -> K 2 Mn 04 + Mn02 + O 2 

4KMn04 + 4KOH-» 4K2Mn04 + 2 H 2 O + O 2 

On treatment with cone. H 2 SO 4 , it forms manganese 
heptoxide via permanganyl sulphate which decomposes 
explosively on heating. 

2 KMn 04 + 3 H 2 S 04 -> 2 KHSO 4 + (Mn 03 ) 2 S 04 + 2 H 2 O 

(Mn03)2S04 + H2O-> Mn207 + H2SO4 

Mn 207 -> 2 Mn 02 + |02 

Potassium permanganate is a powerful oxidising agent. A 
mixture of sulphur, charcoal and KMn 04 forms an explosive 
powder. A mixture of oxalic acid and KMn 04 catches fire 
spontaneous after a few seconds. The same thing happens 
when glycerine is poured over powdered KMn 04 . 

Potassium permanganate acts as an oxidising agent in 
alkaline, neutral or acidic solutions. 

(a) In alkaline solution: KMn 04 is first reduced to 
manganate and then to insoluble manganese dioxide. Colour 
changes first from purple to green and finally becomes 
colourless. However, brownish precipitate is formed. 

2KMn04 + 2KOH- ¥ 2K2Mn04 + H 2 O + O 

2K2Mn04 + 2 H 2 O-> 2Mn02 + 4KOH + 20 

2KMnQ4 +H 2 Q ) 2Mn02 + 2KQH + 3[0] 

or 2MnOi + HjO-^ 2 Mn 02 + 20ir + 3[0] 

(b) In neutral solution: Mn 02 is formed. Brownish 
ppt. is present. 

2KMn04 + H 2 O-> 2Mn02 + 2KOH + 3[0] 

or 2MnO^ + H 2 O-> 2 Mn 02 + 20ir + 3[0] 

or MnO^ + 2 H 2 O + 3e~ -> Mn 02 + 40H“ 
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(c) In acidic solution (in presence of dilute H 2 SO 4 ) : 

Manganous sulphate is formed. The solution becomes 
colourless. 

2 KMn 04 + 3 H 2 SO 4 -> K 2 SO 4 + 2 MnS 04 + SHaO + 5[0] 

or 2Mn04 + 6 H^-> 2 Mn^^ + 3H2O + 5 [ 0 ] 

or MnOJ + 8 H'^ + 5e~ - > + 4H2O 

This medium is used in quantitative (volumetric) estimations. 
The equivalent mass of KMn04 in acidic medium is 

_Molmi^ oxidation reactions of acidified KMn04 are 
catalysed by Mn (ii) ion. 

The important oxidation reactions are ; 

(i) Ferrous salts are oxidised to ferric salts. 

2KMn04 + 3H2SO4-» K2SO4 + 2Mn Sd4 + SHaO + 5[Q] 

[2FeS04 + H2SO4 + [O]-> Fe2(S04)3 + H2O] x 5 , 

2KMn04 + 10FeSO4 + 8H2SO4-> 5Fe2(S04)3 + K2SO4 

+ 2MnS04 + 8H2O 

or 2MnOi + 10 Fe^++ 16 H+-> 10Fe^+2Mn^‘^+8H2O 

(ii) Iodine is evolved from potassium iodide. 

2 KMn 04 + 3H2SO4->K 2 S 04 + 2 MnS 04 + 3H2O + 5 [ 0 ] 

[ 2 KI + H2SO4 + [O]-> K2SO4 + I2 + H2O] X 5 

2KMnO4+10KI+8H2SO4-> 6 K 2 S 04 + 2 MnS 04 + 5 l 2 + 8 H 20 

or 2Mn04 + 101 " + 16 H+-> 2 Mn^+ + 5I2 + 8H2O 

(iii) H2S is oxidised to sulphur. 

2 KMn 04 + 3 H 2 SO 4 + 5 H 2 S-> K 2 SO 4 + 2 MnS 04 + 

5S + 8H2O 

(iv) SO2 is oxidised to H2SO4. 

2KMn04 + 5SO2 + 2H2O-> K2SO4 + 2MnS04 + 2H2SO4 

(v) Nitrites are oxidised to nitrates. 

2KMn04 + 5KNO2 + 3H2SO4-> K2SO4 + 2MnS04 

+ 5KNO3 + 3H2O 

(vi) Oxalic acid is oxidised to CO2. 

COOH 

5 I + 2 KMn 04 + 3H2SO4-> K2SO4 + 2 MnS 04 

COOH +IOCO2+8H2O 

(vii) It oxidises hydrogen halides (HCl, HBr or HI) into 
X2(halogen). 

2 KMn 04 + 3H2SO4 + lOHX-> K2SO4 + 2 MnS 04 + 

8H2O + 5X2 

(viii) Arsenites are oxidised to arsenates. 

2 KMn 04 + 3H2SO4-> K2SO4 + 2 MnS 04 + 3H2O + 5 [ 0 ] 

[Na3As03 + [O]- > Na3As04] x 5 

2KMn04 + 3H2SO4 + SNagAsOj-^ K2SO4 + 2MnS04 + 

5 Na 3 As 04 + 3H2O 

(ix) Hydrogen peroxide is oxidised to H2O and O2. 

2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 + 3H2O + 5 [ 0 ] 

[H2O2 + [O]-> H2O + O2] X 5 
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2 KMn 04 + 3 H 2 SO 4 + 5 H 2 O 2 -> K 2 SO 4 + 2 MnS 04 

+ 8 H 2 O Hh 5 O 2 

or 2Mn04 + 5H2O2 + 6 H''-> 2 Mn^'" + 8H2O + 5O2 

(x) Ethyl alcohol is oxidised to acetaldehyde. 

2 KMn 04 + 3H2SO4-> K2SO4 + 2 MnS 04 + 3H2O + 5 [ 0 ] 

[C2H5OH + [O]-^ CH3CHO + H2O] X 5 

2KMn04 + 3H2SO4 + 5C2H5OH-> 5CH3CHO + K2SO4 + 

2MnS04 + 8H2O 

■ in Neutral Medium 

(i) H2S is oxidised to sulphur. 

2 KMn 04 + H2O -—^ 2 Mn 02 + 2 KOH + 3 [ 0 ] 

[H 2 S+[ 0 ] -^ H2O + S] X 3 

_^ 2 KMnQ 4 J^ 3 H 2 S=^J 2 KOJlJ-^ 2 MnD. 2 Ji^^ 

(ii) Manganese sulphate is oxidised to Mn02. 

2 KMn 04 + H2O-> 2 Mn 02 + 2 KOH + 3 [ 0 ] 

0rinSO4 + H2O + [O]-> Mn02 + H2SO4] x 3 

2 KOH + H2SO4-> K2SO4 + 2H2O 

2 KMn 04 + 3 MnS 04 + 2 H 2 O-> K 2 SO 4 + 5 Mn 02 + 2 H 2 SO 4 

(iii) Sodium thiosulphate is oxidised to sulphate and 
sulphur. 

2 KMn 04 + 3 Na 2 S 203 + H2O-> 2 KOH + 2 Mn 02 + 

3 Na 2 S 04 + 3 S 

■ In Alkaline Medium 

(i) It oxidises iodide to iodate. 

2 KMn 04 + H2O-> 2 KOH + 2 Mn 02 + 3 [ 0 ] 

KI + 3 [ 0 ]-> KIO3 

2KMn04 + KI + H2O-> 2 KOH + 2Mn02 + BHOs 

(ii) It oxidises ethylene to ethylene glycol. 

CH2 CH2OH 

II +H2O + [O]-> I 

CH2 CH2OH 

In alkaline medium it is called Baeyer’s reagent. 

Structure : In permanganate ion, manganese undergoes 
sp^-hybridisation i.e., tetrahedral configuration results. Four 
oxygen atoms are present on the four apices of the tetrahedron. 


O 

II 



o 


■ Uses 

(i) KMn 04 is used as an oxidising agent in laboratory and 
industry. In volumetric estimations, the solution is first 
standardised before use. fri volumetric estimations, acidified 
standardised KMn 04 solution is used. For maintaining acidic 
medium only dilute H 2 SO 4 is used. HCl or HNO 3 are not used 
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because HCl reacts with KMn04 and produce CI2 gas while 
HNO3, itself reacts as an oxidising agent. 

(ii) Alkaline potassium permanganate is called Baeyer’s 
reagent. This reagent is used in organic chemistry for the test 
of unsaturation. KMn04 is used in the manufacture of saccharin, 
benzoic acid, acetaldehyde, etc. 

(iii) KMn04 is used in qualitative analysis for detecting 
halides, sulphites, oxalates, etc. 

(iv) It is widely used as a disinfectant and germicide. A very 
dilute solution of KMn04 is employed for washing wounds 
and gargling of mouth sores. It is also used for purifying well 
water. 


Thus, in ous-series, nickelous compounds are most stable 
while in ic-series, ferric compounds are most stable. 

3. Occurrence : All the three are relatively abundant. 
However, iron is more abundant than nickel and cobalt. 

■ Physical Characteristics 

(a) Physical state : These are all greyish white hard metals 
of high densities. The hardness and density increases from Fe 
to Ni. 

Element Fe Co M 

Density 7.86 8.9 8.9 


14.84 POSITION OF IRON IN PERIODIC TABLE 

Jromhelongs toJoiixth^jeriod^andJffll^group-crf^^^^^^t 
form of periodic table. Vltt group consists of nine elements 
arranged in three triads. Iron is a member of first triad and 
other two members of this triad are cobalt and nickel. These 
three metals are called ferrous metals and belong to first 
transition series { 3 d series) of the periodic table. The members 
of second and third triads are collectively known as platiniim 
metals or noble metals. 

Three elements iron, cobalt and nickel possess nearly the 
same atomic masses and resemble each other closely in their 
properties. The following discussion shows similarities and 
gradation in the properties of Fe, Co and Ni. 

1 , Electronic configuration : Two electrons are present 
in outermost shell while the penultimate shell is incomplete. 
The number of electrons on Srf-shell varies from 6 to 8, 

Fe 26 2, 8, 14, 2 \s^ ,'hshpH^ [Ar](3rf®4s^) 

Co 27 2, 8, 15, 2 ls^,lshp^,'ishp^3d’A? [Ar](3rf’4s^) 

Ni 28 2,8, 16,2 l?,2s^2p^,3s^3/3/,4s^ [Ar](3d*4?) 

Thus, the last differentiating electron is accommodated on 
3 rf-shell. Hence, these elements are called transition elements 
or J~block elements. 

2 . Valency: They form ‘ous’ and Ic’ salts showing 
di- and trivalencies. The stability of cations increases 
from Fe to Ni ion. Thus, the reducing property of these 
is in the order Fe^% Co^"^ > Ni^^. The removal of a 
3 d electron from cations to oxidise them into cations 
becomes more and more difficult as we move from Fe to 
Ni . Thus, the tendency to show trivalency decreases sharply 
from Fe to Ni, Le., stability of cations is in the order 
Fe 3 + > c!q 3 + ^ Ni^’*’, The mason for more stability of Fe^^ 
cations is that it has a half-filled 3 d^-orbitals. 

3 d 


(b) Melting and boiling points : They have high melting 
and boiling points. This shows that covalent bonding is also 
prese nt involving d elect r ons between atom s._^_ 


Element 

. Fe 

Co 

Ni 

M.pt. rc) 

1536 ' 

1495 ‘ 

"1453 

B.pt. CO 

3000 

2900 

2730 


(c) Ionisation energy : Ionisation energies are about the 
same. Hence, they have same tendency to form ions. 

(d) Oxidation potential: The values of oxidation potentials 
are fairly close to each other. The values are positive and hence 
they can liberate hydrogen from dilute acids. 


Element 

Fe 

Co 

Ni 

First IE. (eV) 

7.90 

7.86 

7.63 

Oxidation potential (Volt) 

+0.44 

+0.28 

+0.25 


(e) Magnetic property : All the three elements are ferro¬ 
magnetic, i.e.y these are strongly attracted by a magnet and 
remain magnetised even after the removal of the magnetic 
field. The ferromagnetic property decreases from iron to nickel. 

(f) Catalytic property : All the three elements are used 
as catalysts especially in the reactions involving the addition of 
hydrogen as they occlude or adsorb hydrogen. 

■ Chemical Properties 

The metals are reactive and their reactivity decreases from 
Fe to Ni. 

(a) Action of air : Cobalt and nickel are not affected by 
air under ordinary conditions. However, iron is affected by 
moist air. The oxidation of iron into hydrated iron oxide, 
2Fe203'3H20, is termed rusting of iron. 

When iron is strongly heated in air or oxygen, it forms 
ferroso-ferric oxide, Fe304 (upto SOO^C) and Fe203 above 
500 °C. Cobalt when strongly heated also forms C03O4 while 
nickel forms NiO. 


2, 8,8 +5 3d^ 

t 


t 

T 

t 

3 Fe + 2O2-^ Fe304 

Co^'*' and have relatively unstable 3d^ and 3d^ 2 Ni + O2- > 2 NiO 

configurations respectively. Ibl Action of water: The metals are not affected bv 

Co^'^ 2, 8, 8+6 3d® 

2,8,8 +7 3d’ 

n 

T 

T 

LI] 

t 

water under ordinary conditions but when stemi is passed 
over hot metals, these get oxidised with evolution of hydrogen. 

Ti 

ti 

t 

T 

t 
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3 Fe + 4H2O (steam)- > Fe304 + 4 H 2 

Co + H2O (steam) —CoO + H2 
Ni + H2O (steam) —» NiO + H2 

(c) Action of acids : Non-oxidising acids (dilute HCl and 
dilute H2SO4) evolve hydrogen with iron, cobalt and nickel. 
Iron reacts readily while cobalt and nickel react slowly. 

M + 2 HC 1 -> MCI2 -t- H2 

M + H2SO4-^ MSO4 + H2 

All the three metals, dissolve in concentrated sulphuric acid 
evolving sulphur dioxide. 

2 Fe -I- 6H2SO4 -> Fe2(S04)3 + 3SO2 + 6H2O 

Co + 2H2SO4 -^ C0SO4 + SO2 -I- 2H2O 

Ni -t 2H2SO4-> NiS 04 -t SO2 + 2H2O 

These metals dissolve in dilute HNO3 evolving NO. 

-[AT+-2HNO3->-Af(N03)2H—2H/ — 

[ 3 H + HNO3 —t NO + 2H2O] X 2 
3 M + 8HNO3-> 3M(N03)2 + 2 NO + 4H2O 

However, with concentrated nitric acid, these metals become 
passive. 

(d) Action of alkalies : These metals are not affected by 
alkalies. 

(e) Action of halogens : These metals directly combine 
with halogens. 

2 Fe + 3Cl2-> 2FeCl3 

Ferric chloride 

Co + CI2-^ C0CI2 

Cobaltous chloride 

Ni + CI2-> NiCl2 

Nickelous chloride 

Fel3 is unstable and gets reduced to Fel2. 

2Fel3-^ 2Fel2 + I 2 

(f) Action of carbon monoxide : All the three metals, 
combine with carbon monoxide to form volatile carbonyls, 
viz., Fe(CO)5, C02(C0)8 and Ni(CO)4. 

Ni + 4 CO-^ Ni(CO)4 

(g) Isomorphous sulphates : AH form isomorphous - 
sulphates. 

FeS04-7H20, C0SO4-7H2O, NiS04-7H20 

All these sulphates form double sulphates which are also 
isomorphous. For example, (NH4)2S04-FeS04-6H20 Mohr’s 
salt and (NH4)2S04-NiS04-6H20 nickel ammonium sulphate 
are isomorphous. 

(h) Complex compounds : All form complex salts. Some 
examples are given below ; 

K4Fe(CN)6 K4 Co(CN)6 

Potassium ferrocyanide Potassium cobaltocyanide 

K2Ni(CN)4 K 3 Co(N 02)6 

Potassium nickelocyanide Potassium cobaltinitrite 

Nickel has a coordination number 4 or 6 whereas, iron and 
cobalt show a coordination number 6 only. Iron does not form 
amine complex while nickel and cobalt form amine complexes 
such as [Co(NH3)5]Cl3 and [NiCNH3)4]Cl2. 
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(i) Alloy formation: All the three elements have great 
tendency to form alloys with bach other and with other metals. 

(j) Colour of the compounds : The compounds of iron, 
cobalt and nickel are coloured as 3d-energy shell is incomplete 
in and cations. 

Ferrous compounds are usually green while ferric com¬ 
pounds are yellow. The colour of nickel compounds is green 
while of cobalt compounds is pink. 

EXTRACTION OF IRON 

Occurrence : Iron is the fourth most abundant element and 
the second most abundant metal in nature. It occurs in combined 
state. The main ores of iron are: 

1 , Oxide ores: 

_(iJ^Magnetite, Fe30 4. It is usually blackiiucolour^Itls^ 

richest ore of iron and contains upto 70 % of the metal. 

(ii) HaemMte/ Fe203V It is usually red In colour. 

(iii) Limonite or hydrated ferric oxide^ Fe203*3H20. It 
has yellow, brown or red colour. 

2 , Carbonate ore: 

Siderite or Sepathic iron, FeC03. It is also called clay- 
iron stone due to the presence of excess of clay in it. 

3 , Sulphide ores; 

(i) Iron pyrites, FeS2. It is mainly used for the manu¬ 
facture of sulphur dioxide (sulphuric acid). It is not used for 
extraction of iron. 

(ii) Chalcopyrites, CuFeS2. It is used for the extraction 
of copper. 

Iron ores have been reported at many places especially in 
England, Sweden, Germany, U.S.A., Russia, Belgium, France, 
Canada and India. Huge deposits of red haematite are available in 
India in Mayurbhanj (Orissa), Sin^bhum (Jharkhand), Madhya 
Pradesh and Mysore (Karnataka). On the whole, India possesses 
about one fourth of the total world reserves of iron ore. 

Iron is extracted from its oxide ores especially from the 
nmgnetite, haematite and limonite ores. The extraction involves 
the following steps : 

(i) Concentration of ore : The concentration of ore is 
done by gravity process. The ore is crushed to small pieces 
and washed with water to remove silicious impurities. The 
washed ore is then subjected to electromagnetic separation, 

(ii) Calcination and roasting : The concentrated ore is 
heated in excess of air. This treatment produces the following 
results. 

(a) Moisture and carbon dioxide are removed. 

2Fe203-3H20 -^ 2 Fe 203 + 3 H 2 O 

FeCOs-> FeO -h CO2 

(b) Sulphur, phosphorus, arsenic, etc., are oxidised to their 
oxides and are, thus, removed as volatile gases. 

S + O2-^ ^^2 

P4 + 5O2- > P4O1O 

4 As + 3O2- > 2AS2O3 
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(c) Ferrous oxide is oxidised to ferric oxide. 

2 FeO + |02-> Fe203 

(d) The entire mass becomes porous. 

(iii) Smelting : The calcined oie is mixed with limestone 
(CaC03) and coke in the ratio of 8 : 1 : 4 and introduced in a 
blast furnace for smelting. 

ii Blast Furnace 

Blast furnace is a chitrmey like tall steel structure lined with 
fire bricks, 25-60 metre high and 8-10 metre in diameter at its 
widest part (Fig. 14 . 2 ). The furnace has three main parts: 

(1) A double cup and cone arrangements: At the top, 

the furnace has a hopper which rests over a cup and cone 
ar rang ement. By this arrangement charge is introduced into the 
furnace and also the arrangement prevents the exit ofgases 
during charging.^ — 

(2) Shaft: It is formed by joining two cones, the upper 
one is called the body and the lower one is called bosh. At the 
upper part, there is a hole, through which the hot burnt mixture 
of waste gases escape. In the lower part, there are openings 
for the insertion of water cooled pipes called tuyeres through 
which a blast of hot air is sent upward in the flimace. 

( 3 ) Hearth: This is the lowest part of the firmace and 
serves as a large crucible. It is provided with two holes one for 
the removal of slag and other for molten metal. 

Theory of reduction of oxide ore of iron—see chapter 4 . 


Ore, Limestone and 
coke are added 
at the top 



Fig. 14.2 Blast furnace for the manufacture of cast iron 


The charge is introduced in the furnace by lowering the cup 
and cone arrangement and at the same time the furnace is lit 
and a blast of hot air is sent upwards through the tuyeres. The 
temperature varies from 1600 °C to 250 °C in the furnace from 
bottom to top. On the basis of variation in temperature, there 
are four zones where different chemical changes occur. The 
four zones are: 

1 . Combustion zone : This is the lowest part of the furnace 
above hearth where the temperature is about 150 ()°- 1600 “C. In 
this zone carbon bums in presence of hot air producing carbon 
dioxide and a lot of heat. 

C + O2-> CO2 + 97.0 kcals. 

Carbon dioxide rises upwards and meets with red hot coke. 

It is reduced to carbon monoxide. 

-- „CQ2--L- CL __ 

2. Reduction zone: This is the uppermost part of tig 
furnace. The temperature varies from 250 °C to 70 p°C. The 
oxide ore is reduced to iron in this zone. The reduction takes 
place through the following stages : 

3 Fe 203 + CO 2 Fe 304 + CO2 

Fe304 + CO 3 FeO + CO2 

FeO + CO - . y pe + CO2 

However, the oxide ore which escapes reduction, gets 
completely reduced by carbon above 850 "C. 

Iron formed is called spongy iron. In the reduction reactions, 
heat is also evolved which decomposes part of carbon 
monoxide into carbon. 

2 CO —1^ CO2+C 

3. Slag formation zone: This is the central zone where 
the temperature varies from 800 - 1000 °C. The limestone present 
in the charge decomposes into calcium oxide and carbon dioxide. 

CaC03 . CaO + CO2 

The calcium oxide acts as a flux as it combines with silica 
present as an impurity (gangue) to form a fusible slag of 
CaSiOs. 

CaO + Si02-^ CaSi03 

Silicates, phosphates and manganates present as impurities 
in ore, are reduced to Si, P and Mn, respectively. 

P4O10 + IOC-> 4P + lOCO 

Si 02 + 2 C-> Si + 2 CO 

Mn02 + 2 C-> Mn + 2 CO 

These are partly absorbed by iron (spongy) and partly by 
slag. 

2Ca3(P03)2 + 3Si02 + IOC-> 3(2Ca0-Si02) + 4P + lOCO 

3 Fe + P-» Fe3P 

4 . Zone of fusion : This is a zone just above the zone of 
combustion. The temperature ranges between 1200 - 1500 ”C. 
The spongy iron which has absorbed already C, Si, P, Mn, 
etc., melts at 1300 °C and collects at the bottom of the hearth. 
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The slag which being lighter floats over the molten iron and 
prevents the oxidation of molten metal. The slag and molten 
metal are removed from their respective holes. The molten 
metal is run into moulds and is allowed to solidify. 

Iron obtained from the blast furnace is called pig iron. It 
contains 93% iron, 5% carbon and rest silicon, manganese, 
phosphorus, etc., as impurities. The pig iron is remelted and 
cast or poured into moulds. This is known as cast iron. Hence, 
after remelting the pig iron tecomes cast iron. 

When the molten pig iron is cooled at once, the iron is called 
white cast iron, which contains carbon in the form of 
cementite, Fe 3 C and when the molten pig iron is cooled slowly 
and slowly, the iron is called as grey cast iron, which contains 
carbon in the form of graphite. 

FLO W SHE E T FOR E XTRACTI O N OF IRON_ 

Iron ore 





Pig iron 

Remelted 
and cooled 

Cast iron 

(Fe = 93%; C = 5% and impurities of Mn, P, Si, etc. = 2%) 


14.1^ TYPES OF IRON 

There are three commercial varieties of iron depending on their 
carbon content. 

^ (i) Cast Iron 

It is the most impure form of iron and contains the highest 
percentage of carbon from 2.5 to 5 per cent and about 2 per 
cent of other impurities like Si, P, Mn and S. Cast iron is of two 
types; 

(a) White cast iron: Carbon is present in the form of 
cementite, Fe 3 C. 

(b) Grey cast iron: Carbon is present in the form of 
graphite. Cast iron melts at about 1250“C (due to presence of 
impurities) whereas pure iron melts at 1530°C. The molten cast 
iron expands on s olidifi cation and hence^lLproduces^oml 
castings. Various articles such as stoves, pipes, radiators, railway 
sleepers, gutter pipes, toy s, etci, are prepared from cast iron. Cast 
iron does not rust easily and neither be tempered. Due to high 
carbon content, it is hard and brittle and cannot he welded. It has 
very little ductility and thus cast iron is not suitable for forging. 


m (ii) Wrought Iron 


It is the purest form of iron. It contains the lowest percentage 
of carbon from 0.1 to 0.25 per cent and 0.3 per cent other impuri¬ 
ties. It is manufactured from cast iron by puddling process. 

Wrought iron is manufactured in a special type of rever¬ 
beratory furnace called puddling furnace, the hearth of which 
is lined with haematite, Fe 203 . The cast iron is melted on the 
hearth of the furnace by the hot gases and stirred with long 
iron rods. The impurities of cast iron are rapidly oxidised by 
oxygen of haematite (lining). Oxides of carbon and sulphur 
being volatile escape while those of Mn, P and Si form slag. 


3C + Fe203 ■ 
3Si + 2 F& 2 O 3 
3Mn -I- Fe 203 
MnO + Si02 
6 P + 5Fe203 
P 2 O 5 + Fe203 


^ 2Fe + 3CO 
3Si02 -t 4Fe 
-> 3MnO + 2Fe 

MnSi 03 (Slag) 

3 P 2 O 5 + lOFe 

-> 2 FeP 04 (Slag) 


With the removal of impurities, the melting point of the 
metal rises and it becomes a semi-soMd mass. The semi-solid 
mass is taken out in the form of balls and is beaten under steam 
hammers to squeeze out as much of slag as possible. This 
produces almost pure iron known as wrought iron. 


■ Properties 

(i) Wrought iron is extremely tough, highly malleable and 
ductile, (ii) It softens at about 1000°C and then it can be forged 
and welded, (iii) On account of the presence of very small 
percentage of slag, it has fibrous structure and thus, can 
withstand high stresses, (iv) Wrought iron is resistant towards 
rusting and corrosion. 
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■ Uses 

It is us^ to make chains, nails, hooks, bolts, agiicultural 
implements, electromagnete, bars, wires, etc, 

(iii) Steel 

This is the most important commercial variety of iron. The 
percentage of carbon in this form of iron is midway between 
that of cast iron and wrought iron, ie:, 025 to 2 per cent. 
There are many varieties of steel depending on the amount of 
carbon present in it. 

(a) Mild steels : These contain low percentage of carbon. 
Such steels show the properties of wrought iron along with 
elasticity and hardness. 

(b) Hard steels : These contain high percentage of carbon. 

They are hard and brittl e........^_ 

(c) Special st^ls or alloy steels: Steel mixed with small 
amount of nickel, cobalt, chromium, tungsten, molybdeh 
manganese, etc., acquires special properties. Such products 
are called special steels or alloy steels. Some important alloy 
steels are listed below: 


Name of ttie 
alloy steel 

Metal added 

Properties 

Uses 

i. Invar 

36% Ni 

Coefficient of 
expansion is 
veiy small 

Measuring tapes, 
pendulums 

2, Chromevan- 
adium steel 

1% Cr; 0.15%V 

High tensile 
strength 

Springs, shafts, 
axles 

3. Manganese 
steel 

12-t 15% Mn 

Hard and tough 

Rock crushing 
machinery, almirah, 
helmets 

4. Stainless 

11.5% Cr; 

Resists 

Common 

steel 

2% Ni 

corrosion 

articles 

5. Tungsten 
steel 

14-20% W; 
3-8% Cr 

Very hard 

High speed tools 

6 . Alnico 

60% Fe, 12% 
Al, 20% Ni, 

8 % Co 

Highly magnetic 

For making perma¬ 
nent magnets 

7. Permalloy 

21% Fe, 78% 

Ni and carbon 

Stron^y magne¬ 
tised by electric 
current, loses 
magnetism when 
current is cut offi 

For making 
electromagnets, 
ocean cables, etc. 


m Manufacture of Steel 

Many methods are used for the manufacture of steel Some 
are described below: 

(i) The Bessemer’s process: The process is based on 
the fact that impurities of pig iron are completely oxidised in 
presence of hot air blast, Le„ virtually wrought iron is obtained. 
This is then mixed with a known amount of spiegeleisen, an 
alloy of iron, manganese and carbon to obtain steel 

The process is carried out in Bessemer converter lined with 
silica bricks. The molten pig iron is introduced in the converter 
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md^aT^lasfof hot airirblowtrthrouglrirfroirthe^bott^^ 
keeping the mouth of the converter vertically upwards. SiMca^: 
and manganese present in pig iron are first oxidised and then 
combine to form slag. 

Si+ 02^-> Si02 

2Mn + O 2 - > 2MnO 

MnO + Si02- > MnSiO^ 

In the end, carbon is oxidised to carbon monoxide which 
bums with blue flame at the mouth of the converter. Some iron 
is also oxidised which converts the carbon into carbon 
monoxide. 

4Fe + 3 O 2 - > 2 P& 2 OS 

Fe 203 + 3C-> 2Fe + 3CO 

When whole of the carbon is oxidised, the blue flame 
suddenly dies out. The air supply is stopped for a while and the 
requisite amount of spiegeleisen is added. The blast is continued 
just for a moment to ensure complete mixing. The resulting 
product is the manganese steel 

When cast iron or pig iron contains phosphorus as an 
impurity, a basic lining of CaO or MgO is used in the Bessemer 
converter. Phosphoms is oxidised to P 4 O 10 which combines 
with CaO to form calcium phosphate as slag. 

4P + 5 O 2 -> P 4 O 10 

6 CaO + P 4 O 2 Q-^ 2 Ca 3 (P 04)2 

This slag is used as a fertilizer and known as Thomas slag, 
(ii) Open hearth process or Siemens-Martin process : 
This is the modem process and the ftimace used consists of 
an open hearth. The hearth is lined with silica or calcined 
dolomite (CaO-MgO) depending upon the nature of impurities 
present in pig or cast iron. Silica lining is used if the impurities 
are manganese, silicon, etc., and calcined dolomite lining is 
used if much of phosphoms is present. A high temperature of 
about 15(XfC is generated by burning producer gas which 
works on regenerative system of heat economy (Fig. 14.4). 
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Fig. 14.4 


The charge consists of pig or cast iron, iron scrap, iron ore 
(haematite) and lime. The charge is heated on the hearth of the 
furnace. The impurities are oxidised by iron ore. 

3 Si + 2Fe203 ") 4 Fe + 3Si02 

3 Mn -t- Fe203-> 2 Fe + 3 MnO 

MnO + Si02-> MnSi03 (Slag) 

-3e-r--Fe20/=5n2Fe”+^3Ua 

12P+10Fe2G3->3P40io + 20Fe 

6CaO -1- P4O10-> 2Ca3(P04)2 (Slag) 

CaO + Si02-> CaSi03 (Slag) 

2Fe203 -t- 3 S-^ 3SO2 -t- 4 Fe 

Samples of steel are drawn from time to time and tested for 
carbon content. Finally spiegeleisen (an alloy of iron, manganese 
and carbon) is added to the molten mass to obtain desired steel. 
The process takes about 8 to 10 hours for completion. The 
process takes longer time than Bessemer’s process but it has 
following advantage over the Bessemer’s process. 

(a) The temperature can be controlled as the heating is done 
externally. 

(b) As it is a slower process, it can be controlled in better 
way. The composition and quality can be well controlled. 

(c) The loss of iron in this process is only 4 % while the loss 
is about 15 % in Bessemer’s process. 

(d) In this process scrap iron is reused. 

(e) This yields better quality of steel. 

(f) A considerable economy of the fuel is achieved by using 
the regenerative system. 


(iii) The electric process: This process is similar to 
open hearth process with a difference that heating is done 
electrically. The steel of much better quality can be obtained 
but the process is rather costly. 

The process consists in heating of the charge having pig or 
cast iron, scrap iron, iron ore (haematite) and lime in an electric 
fiimace using vertical carbon electrodes. When the arc is struck 
between the electrodes, the high temperature of about 20 () 0 °C 
generated melts the charge and chemical reactions start 
instantaneously. The impurities are oxidised by iron ore in the 
same fashion as in the open hearth process. 


Electrodes 



This method is especially usefiil for the production of the 
alloy steels. 


a Heat Treatment of Steels 

The properties of steel depend on three factors ; 

(i) Carbon content: With the increase of carbon content 
the hardness and tensile strength of the steel increases while 
ductility decreases. 


COMPARISON OF CAST IRON, WROUGHT IRON AND STEEL 


Property 

Cast iron 

Wrought iron 

Steel 

1 . Chemical composition 

Iron 9'3-95% 

i Iron 99.5-99.8% 

Iron 98-99.5% 


Carbon 2.5-5% ' 

Carbon 0.1-0.21% 

Carbon 0.25 to 2.0% 


Impurities about 2% 

Impurities about 0.3% 


2. Melting point 

1 Lowest about 1200T: 

Highest about 1500°C 

Between 1300-1400°C 

3. Hardness 

Vety hard 

Soft 

Medium hardness 

4. Malleability 

Brittle 

Malleable 

Malleable and brittle 

5. Welding 

Cannot be welded 1 

Can be welded easily 

Can be welded with difficulty 

6 , Tempering 

Cannot be tempered ^ 

Cannot be tempered 

Can be tempered 

7. Magnetisation 

Cannot be permanently magnetised 

Magnetisation is not permanent but easy 

Can be permanently magnetised 

8 . Structure 

Crystalline 

Fibrous 

Granular 
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(ii) Presence of other metals : The presence of Si gives 
steel a fibrous structure. Presence of Mn produces elasticity 
and increases tensile strength. Cr imparts resistance to chemical 
action, 

(iii) Heat treatment : The hardness and elasticity of the 
steel can be changed by heating the steel at different 
temperatures and then allowing to cool it in different ways. 
The following heat treatments are given to steel : 

(a) Annesding : It is a process of heating st^l to bright 
redness and then cooling it very slowly. This treatment makes 
the steel soft and ductile. This type of steel is used in fabrication 
process. 

(b) Quenching ; It is a process of heating steel to bright 
redness and then cooling it suddenly by plunging it in water or 
oil. Such a steel is extremely hard and brittle. It has very low 

.-:elas.ticity.,_________ _ 

(c) Tempering : It is a process of heating the quencTied 
steel to a tenipefatiue much betow fedness^^^ cooling it 
slowly. Such steel is neither so hard nor so brittle. In the 
process of tempering, a thin film of the oxide is formed on the 
surface of steel. The colour of the oxide film depends on the 
temperature at which the quenched steel is heated. 

Temperature range Colour of the oxide film 

200-23(fC Yehow 

225-270"C Brown 

Smx: Blue 

The surface treatment of the steel is done by the following 
two processes: 

(a) Case hardening : The process of prcxlucing a thin 
coating of hardened steel on the surface of the mild steel is 
called case hardening. This is done by heating the mild steel 
with charcoal and then plunging into oil. This produces a thin 
coating of hardened steel on the surface. Such a steel becomes 
resistant to wear and tear. 

(b) Nitriding : The process of prcKlucing a hard coating 
of iron nitride on the surface of steel is called nitriding. Steel 
is heated in the atmosphere of dry ammonia at 500 - 600 ^C for 
about 3 to 4 days when a hard coating of iron nitride is produced 
on the surface. 

14.li| PASSIVITY OF IRON 

The following are the common properties of iron. 

(a) It evolves hydrogen gas, when made to react with dilute 
HCl or dilute H2SO4. 

(b) It precipitates silver from silver nitrate solution and 
copper from copper sulphate solution. 

But if a piece of iron is first dipped in concentrated nitric 
acid for sometime and then made to react with the above 
reagents, neither hydrogen is evolved nor silver or copper are 
precipitated. Thus, iron by treatment with concentrated nitric 
acid has lost its usual properties or it has been rendered inert 


or passive. Such behaviour is not only shown by iron but also 
by many other metals like Cr, Co, Ni, Al, etc. This phenomenon 
is known as passivity and the chemical substances which ^ 
bring passivity are called passivators. 

^^he inertness exhibited by metals under conditions 
when chemiol activity is to be expected is called chemical 
passivity.” Iron can be rendered passive by other oxidising 
agents like chromic acid, KMn04, cone. H2SO4, etc. The 
passivity of the iron is believed to be due to formation of an 
extremely thin film (invisible) of oxide on the surface of iron. 
Passive iron can be made active by scratching or heating in a 
reducing atmosphere of H2 or CO, or heating in HNO3 upto 
75 ^C. 

compounds of iron 

m Ferrous Sulphate (GrTOn^¥foiy,7=eSO^^^ 

This is the best known ferrous salt. It occurs in nature as 
copperas and is formed by the oxidation of pyrites under the 
action of water and atmospheric air. 

2FeS2 + ^02 + 2H2O->2FeS04 + 2H2SO4 

It is commonly known as harakasis. - 

Preparation, (i) It is obtained by dissolving scrap iron in 
dilute sulphuric acid. 

Fe + H2SO4-> FeS04 + H2 

The solution is crystallised by the addition of alcohol as 
ferrous sulphate is sparingly soluble in it. 

(ii) It can also be prepared in the laboratory from the Kipp’s 
waste. The excess of sulphuric acid is neutralised by heating 
with a small quantity of iron fiUings. The solution is then 
crystallised. 

Manufacture : Commercially, ferrous sulphate is obtained 
by the slow oxidation of iron pyrites in the presence of air and 
moisture. The pyrites are exposed to air in big heaps. 

2 FeS 2 + 2H2O 4 - 7O2-y 2 FeS 04 4 - 2H2SO4 

The free sulphuric acid is removed by the addition of scrap 
iron. On crystallisation green crystals are obtained. 

■ Properties 

(i) Hydrated ferrous sulphate (FeS04-7H20) is a green 
crystalline compound. Due to atmospheric oxidation, the crystals 
acquire brownish-yellow colour due to formation of basic 
ferric sulphate. 

4FeS04 + 2H2O + O2-> 4 Fe( 0 H) S04 

Basic ferric sulphate 

(ii) Action of heat: At 300°C, it becomes anhydrous. 
The anhydrous ferrous sulphate is colourless. The anhydrous 
salt when strongly heated, breaks up to form ferric oxide with 
the evolution of SO2 and SO3. 

FeS04 •7H20^^^2FeS04-^^^Fe203 +SO2 +SO3 
Green -’”^0 White 
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(iii) The aqueous solution of ferrous sulphate is slightly 
acidic due to its hydrolysis. 

FeS04 + 2H2O ^ Fe(OH)2 + H2SO4 

Weak base Strong acid 

(iv) Ferrous sulphate is a strong reducing agent. 

(a) It decolourises acidified potassium permanganate. 

2 KMn 04 + 3H2SO4-> K2SO4 + 2 MnS 04 + SHjO + 5 [ 0 ] 

[2FeS04 + H2SO4 + 0 -> Fe2(S04)3 + H2O] x 5 

10FeSO4 + 2KMn04 + 8H2SO4-> 5Fe2(S04)3 + K2SO4 

+ 2MnS04 + 8H2O 

(b) It turns potassium dichromate (acidified) green as 
dichromate is reduced to chromic salt (green). 

K2Cr207 + 4H2SO4-^ K2SO4 + Cr2(S04)3 + 4H2O + 3[0] 

.- 42 PeS 04 -^<-H 2 S 04 - +-0 -^Fe 2 (S 04 ) 3 -H-ft 20 /-x 3 - 

6FeS04 + K2Cr207 -f 7H2SO4 —> 3 Fe 2 (S 04)3 + K2SO4 

+ Cr2(S04)3 + 7H2O 

(c) It reduces gold chloride to gold. 

AUCI3 + 3FeS04-> Au + Fe2(S04)3 +FeCl3 

(d) It reduces mercuric chloride to mercurous chloride. 

[ 2 HgCl 2 -> Hg2a2 + 2 C 1 ] X 3 

[3FeS04 + 3C1-> Fe2(S04)3 + FeCb] x 2 

6HgCl2 + 6 FeS 04 -> 3Hg2Cl2 + 2 Fe 2 (S 04)3 + 2FeCl3 

(v) A cold solution of ferrous sulphate absorbs nitric oxide 
forming dark brown addition compound, nitroso ferrous 
sulphate. 

FeS 04 + NO-> FeS 04 N 0 

Nitroso ferrous sulphate 
(Brown) 

The NO gas is evolved when the solution is heated. 

(vi) It forms double sulphates of the composition 
/?2S04 FeS04-6H20 where R = m alkali metal or NH4 radical. 
(NH4)2S04 FeS04'6H20 (ferrous ammonium sulphate) is 
known as Mohr’s salt. 

(vii) It combines with potassium cyanide (excess) forming 
potassium ferrocyanide, K4Fe(CN)6. 

FeS04 + 2 KCN-> Fe(CN)2 + K2SO4 

Fe(CN)2 + 4 KCN-> K4Fe(CN)6 

FeS 04 + 6KCN-> K4Fe(CN)6 + K2SO4 

■ Uses 

(i) Ferrous sulphate is used for making blue black ink. The 
ink is prepared by mixing a solution of tannin and ferrous 
sulphate. A colourless iron salt of tannic acid is formed. A blue 
dye (usually indigo) is added. The writing with this ink is blue 
but soon on exposure to air, it becomes black on account of 
oxidation of colourless ferrous salt into black ferric salt. 


(ii) It is used as a mordant in dyeing. 

(iii) It is also used as an insecticide in agriculture. 

<iv) It is employed as a laboratory reagent and in the 
preparation of Mohr’s salt, 

s Ferrous Ammonium Sulphate (Mohr’s salt) 
(NH4)2S04.FeS04.6H20 

Preparation : The double salt is best prepared by making 
saturated solutions of pure ferrous sulphate and pure ammonium 
sulphate in air free distilled water at 4 {fC. Both the solutions 
are mixed and allowed to cooL Generally, few drops of sulphuric 
acid and a little iron wire are added before crystallisation as to 
prevent oxidation of ferrous sulphate into ferric sulphate. The 
salt is obtained as pale green crystals. 

M Propertie s_ __ _ 

It is pale green cryst^ne compound , which does not 
effloresce like ferrous sulphate. It is less readily oxidised in the 
solid state. It is, therefore, a better volumetric leagent in 
preference to ferrous sulphate. Chemically, it is similar to ferrous 
sulphate. All the chemical reactions observed in the case of 
ferrous sulphate are given by ferrous ammonium sulphate. 

is Ferric Chloride, FeCIs 

This is the most important ferric salt. It is known in 
anhydrous and hydrated forms. The hydrated form consists of 
six water molecules, FeCl3*6H20. 

Preparadoii : (i) Anhydrous ferric chloride is obtained by 
passing dry chlorine gas over heated iron fillings (Fig. 14 . 6 ). 

The vapours are condensed in a lx>ttle attached to the outlet 
of the tube. 

2 Fe + 3Cl2-> IFeCls 


To fuming 



(ii) Hydrated ferric chloride is obtained by the action of 
hydrochloric acid on ferric carbonate, ferric hydroxide or ferric 
oxide. 

Fe2(C03)3 + 6HC1-^ 2FeCl3 + 3H2O + 3C02 

Fe(OH)3 + 3 HC 1 -> Fea3 + 3H2O 

Fe203 + 6HC1-> 2FeCl3 + 3H2O 




GR.B. Inorganic Chemistry for Competitions 


674 


* The solution on evaporation and cooling deposits yellow 
crystals of hydrated ferric chloride, FeCl3-6H20. 


■ Properties 

(i) Anhydrous ferric chloride is a dark red deliquescent 
solid. It is sublimed at about SOO^C and its vapour density 
corresponds to dimeric formula, Fe2Cl6. The dimer dissociates 
at high temperatures to FeCl3. The dissociation into FeCl3 is 
complete at 750 °C. Above this temperature it breaks into ferrous 
chloride and chlorine. 


„ 750°C Above 750°C 

Fe2Cl6 ." 2FeCl3 -. 


2 FeCl2 + CI2 


(ii) Anhydrous ferric chloride behaves as a covalent 
compound as it is soluble in non-polar solvents like ether, 
alcohol, etc. It is represented by chlorine bridge structure. 



(iii) It dissolves in water. The solution is acidic in nature due 
to its hydrolysis as shown below : 

FeCl3 + 3 HOH ^ Fe(OH)3 + 3 HC 1 


The solution is stabilised by the addition of hydrochloric 
acid to prevent hydrolysis. 

(iv) Anhydrous ferric chloride absorbs ammonia. 

FeClj + 6NH3-> FeCl3-6NH3 

(v) Ferric chloride acts as an oxidising agent. 

(a) It oxidises stannous chloride to stannic chloride. 

2FeCl3 + SnCl2-> 2FeCl2 + SnCLj 

(b) It oxidises SO2 to H2SO4. 

2FeCl3 + SO2 + 2H2O-> 2FeCl2 + H2SO4 + 2HC1 

(c) It oxidises H2S to S. 

2 FeCl 3 + H2S-> 2 FeCl 2 + 2 HC 1 + S 

(d) It liberates iodine from KI. 

2FeCl3 + 2KI-» 2FeCl2 + 2KC1 + I 2 

(e) Nascent hydrogen reduces FeCl3 into FeCl2. 

FeCl 3 + H-> FeCla + HCl 

(vi) When ammonium hydroxide is added to the solution of 
ferric chloride, a reddish-brown precipitate of ferric hydroxide 
is formed. 

FeCl3 + 3NH4OH-> Fe(OH)3 -H 3NH4CI 

(vii) When a solution of thiocyanate ions is added to ferric 
chloride solution, a deep red colouration is produced due to 
formation of a complex salt. 

FeCl3 -I- NH4CNS-> Fe(SCN)Cl2 + NH4CI 

or FeClj + 3NH4CNS-> Fe(SCN)3 + 3NH4CI 

(viii) Ferric chloride forms a complex, prussian blue with 
potassium ferrocyanide. 


4 FeCl 3 + 3 K 4 Fe(CN )6 -> Fe 4 [Fe(CN) 6]3 + 12 KC 1 

Prussian blue 
(Ferri ferrocyanide) 

(ix) On heating hydrated ferric chloride FeCl3-6H20, 
anhydrous ferric chloride is not obtained. It is changed to 
Fe203 with evolution of H2O and HCl. 

2 [FeCl 3 - 6 H 20 ] Fe 203 + 6 HC 1 + 9H2O 

Hydrated ferric chloride may be dehydrated by heating with 
thionyl chloride. 

FeCl3‘6H20 + 6SOCI2-> FeCla + 12HC1 + 6SO2 


■ Uses 

(i) The alcoholic solution is used in medicine under the 
name tincture ferri perchloride. (ii) It is used as a laboratory 
reagent in the detection of acetates and phenols and also as an 
oxidising-agent. (iii) -If k^nsed-fer making^russian-blue;-— 


CORROSION OF IRON 


Corrosion is defined as the gradual transformation of a 
metal into its combined state becai^ of the reaction with 
the enviroimient. Metals are usually extracted from their 
ores. Nature tries to convert them again into the ore form. The 
process by which the metals have the tendency to go back to 
their combined state, is termed corrosion. 


Rust {Fe203 + H2O) 



When iron is exposed to moist air, it is found covered with 
a reddish-brown coating which can easily be detached. The 
reddish-brown coating is called ‘rust’. Thus, the corrosion of 
iron or formation of the rust is called rusting, the composition 
of the rust is not certain but it mainly contains hydrated ferric 
oxide, 2Fe203>3H20, together with a small quantity of ferrous 
carbonate. The rust is formed by the action of water on iron 
in presence of dissolved oxygen and carbon dioxide. It has 
been observed that impure iron is more prone to rusting. 

The following are the favourable conditions for the rusting 
of iron: 

(i) Presence of moisture 

(ii) Presence of a weakly acidic atmosphere 

(iii) Presence of impurity in the iron. 

Various theories have been proposed to explain the 
phenomenon of rusting of iron but the accepted theory is the 
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modem electrochemical theory. When impure iron comes in 
contact with water containing dissolved carbon dioxide, a voltaic 
cell is set up. The iron and other impurities act as electrodes 
while water having dissolved oxygen and carbon dioxide acts 
as an electrolyte. Iron atoms pass into solution as ferrous ions. 

Fe —^ + 2 e 

Iron, thus, acts as anode. 

The impurities act as cathode. At the cathode, the electrons 
are used in forming hydroxyl ions. 

H20 + 0 + 2e-> 20H"^ 

In presence of dissolved oxygen, ferrous ions are oxidised 
to ferric ions which combine with hydroxyl ions to form ferric 
hydroxide. 

Fe^'" + 30 H"-^ Fe(OH)3 

Rust 

CoiTdsion or rusting is a surf^ pHemon^on and thus, the 
protection of the surface prevents the corrosion. Iron can be 
protected from the rusting by use of following methods : 

(i) Applying paints, lacquers and enamels on the surface of 
iron. 

(ii) By forming a firm and coherent protective coating of 
ferrosoferric oxide. This is done by passing steam over hot 
iron. 

(iii) By coating a thin film of zinc, tin, nickel, chromium, 
aluminium, etc. 


POSITION OF COINAGE METALS IN 
PERIODIC TABLE 



vm 

m 

im 

Peiioa\. 

(8) 

( 9 ) 

(10) 

(11) 

(12) 

4 

Fe 26 

Co 27 

Ni 28 

Cu 29 

Zn 30 

5 

Ru 44 

Rh 45 

Pd 46 

Ag 47 

Cd 48 

6 

Os 76 

Ir 77 

Pt 78 

Au 79 

Hg 80 


IB subgroup (group 11 ) of the periodic table consists of 
four metals-copper (Cu), silver (Ag), gold (Au) and unununium 
(Uuu)*. The^ are collectively called as copper metals (copper 
being the predominant member) or coinage metals or currency 
metals because these (Cu, Ag and Au) have been used in the 
past in making coins for currency. These axe d-block elements 
as the differentiating electron is accommodated on (n - \)d 
energy shell. Copper is a member of M series, silver is a 
member of series, Au is a member of 5 d series and Uuu is 
a member of 6 d series. They show relationship with Ni, Pd and 
Pt (group Vni) which are their left hand neighbours and also 
with Zn, Cd and Hg (group IIB) which are their right hand 
neighbours in the periodic table. Thus, these occupy position 


between Vin and IIB groups of the periodic table. Their 
inclusion in the same subgroup is justified on the basis of: 

(a) same electronic configuration and 

(b) similar characteristics or gradation in the properties. 

1. Electronic configuration : They have similar 

electronic configuration. The distribution of the electrons in 
various energy shells of these atoms is shown below: 


Cu 29 2,8,18,1 ls^,25^2p^3s^3/^®3d“ 4i‘ 

Ag 47 2, 8, 18, 18, 1 ls^25^2/,3i^3p®3ii‘°, 

4s^4p®4d“’,5s‘ 

Au 79 2, 8,18,32,18,1 ls^2s^2p^3^^3p*3rf^^ 

4sf4p®4rf“’4/‘^ 6s‘ 

Uuu 111 2, 8, 18, 32. 32, 18, 1 li^2/2p® 3i^3p®3d‘%^4p®4d‘V^ 

5/5p®5d’V”. 7i‘ 


TBe“electionic"cOTfiguration showslhS flie outermost sh^ 
of these elements^has one electron (ns-) while the penultiimtr" 
shell contains 18 electrons [(n - i.e., general confi¬ 

guration (n - l)s^ (n - \)p^ (« - l)d^®ns*. However, (n - l)d 
shell has not attained stability and one or more electrons 
sometimes jump to the outermost shell thereby increasing the 
valency electrons. As a result, the atoms or ions take up the 
new configuration. 


Cu. . . . 

. . . .(8 + 9), 2 

Cu^'" 3d^ 

Ag. . . . 

. . . .(8 + 9), 2 

4d’ 

Au. . . . 

. . . .(8 + 8), 3 

Au^"^ 5d^ 


It is for this reason that these elements are crmsidered as the 
end members of transition series. In higher valency states 
these elements, therefore, show properties similar to those of 
the corresponding transition elements of VIII group. 

2. Valency: Being transition elements, these show 
variable valency. Copper forms both cuprous (Cu"^) and cupric 
(Cu^'*’) ions. The cuprous ions, however, have a tendency to 
change into cupric and thus, soluble cuprous salts are not 
stable. 

2 Cu'' -> Cu^+ -t- Cu 

The insoluble cuprous salts as CU2CI2, CU2I2, Cu2(CN)2, 
Cu 2{CNS)2 are stable. 

Silver shows mainly monovalency. The compounds of 
divalent silver are rare. 

Gold like copper also forms two series of salts showing 
monovalency (aurous salts, Au*^ and tiivalency (auric salts, 
Au^”’’), The aurous salts are not stable and change into auric 
salts. 

3 Au* -> Au^"" + 2 Au 

Thus, stable valencies are : Copper ; Divalency 

Silver; Monovalency 

Gold; Trivalency 


*Uuu is a synthetic and radioactive element. It is unstable and not much is known about its properties. 
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3. Physical Properties : (a) These are tough, ductile 

and highly malleable metals. Silver and gold are more ductile 
and malleable than copper, (b) They are good conductors of 
heat and electricity. Silver is the best conductor, (c) They have 
high melting and boiling points. The availability of inner d 
electrons enhances the bonding between atoms in the metal 
crystal and results in the greater hardness and higher melting 
points of these elements like other transition elements. 


Metal 

Cu 

Ag 

Au 

M.Pt. CC) 

1083 

961 

1063 

B.Pl (^C) 

2595 

2180 

2700 


(d) Atomic size : The atomic size are relatively small. 
Gold and silver have nearly the same atomic size. (This is due 
to lanthanide contraction associated with the filling of the 
4 / shell). The atomic volumes are also small and both silver 


and gdd have^ the^-same values^— — —- - 

Atomic radii A 1.17 1.34 1.34 

Atomic volume 7.1 10.3 10.2 

(e) Density : These are heavy metals. Density increases 
gradually as the atomic number increases. 

Metal Cu Ag Au 

Density 8.96 10.5 193 


(f) lonteation Energy : Because of the smaller atomic 
size and increased nuclear charge, their ionisation energies are 
high. The ionisation energies do not show the expected trend 
with increasing atomic number; the values decrease from copper 
to silver but increase in going to gold. 

Metal Cu Ag Au 

I.E. (eV) 7.72 7.57 9.2 

The unexpectol behaviour from Ag to Au is due to the fact 
that the atomic size of Ag and Au are the same while atomic 
charge increases from 47 to 79 . 

(g) Oxidation potentials : The standard oxidation poten¬ 
tials of coinage metals are negative. 


Cu- 


Cu^"‘ + 2 e 

Kx 

7 

II 

volt 

Ag- 


Ag^ 

+ e 

Elx 

= - 0.80 

volt 

Au — 


Au+ 3 e 

E° 

^ ox 

= - 1.42 

volt 

Cu- 


Cn* 

+ e 

po 
^ OX 

= - 0.52 

volt 

Au- 


Au^ 

+ e 

^ ox 

= - 1.70 

volt 


The values suggest that the atoms of coinage metals have 
little tendency to lose electron or electrons. Thus, these elements 
are feebly electropositive. The nobility increases in the order 

Cu-> Ag-> Au. Because of nobility, they are frequently 

found in their native state (silver and gold almost exclusively). 

(h) Colour of the salts : The monovalents salts are 
colourless as they have (n - l)d^^ configuration. 


Cu”" 2, 8,18(3d^^) 

Ag"" 2, 8, 18, 18 {4d^^ 

Au^ 2, 8, 18, 32, 18 (5d^°) 

The salts in higher oxidation states are coloured as unpaired 
orbital or orbitals are present in (n - l)d energy shell. 



2, 8, 17 

(one 3d orbital singly occupied) 


2, 8, 18, 17 

(one 4d orbital singly occupied) 


2, 8, 18, 32, 16 

(two 5d orbitals singly occupied) 


Cu (n) salts are generally bluish or green, and Au (HI) salts 
are yellow. 

(i) Magnetic nature : Cu (I), Ag (I) and Au (I) ions are 
diamagnetic as all the orbitals are fully paired while Cu ( 11 ), Ag 
(n) and Au (HI) ions are paramagnetic as one or two orbitals 
are singly occupied. 

4, Chemical Pro pe rties : The chemical activity of a 
metal depends on the three hypothetical stages, each one 
inwlving ah energy cH2^^ “ " 


Metal 


(Sublimation 

——> Gaseous atoms 


(Ionisation 
potential) ^ 

— -^ Ions 


(Hydration 

energy) 


^ Hydrated ions 


A high heat of sublimation and high ionisation potential will 
reduce the tendency of the metal to react. In the case of 
coinage metals both sublimation energy and ionisation potential 
have very high values and thus, coinage metals are less reactive. 
The chemical activity decrea^s from Cu to Au, 

(a) Action uf air : Gold and silver are not affected by air 
but copper on long exposure becomes converted with a greyish 
green film of basic carbonate, CuC03Cu(0H)2. 

(b) Affinity for oxygen; Their affinity for oxygen 
decreases from copper to gold. Only copper combines with 
oxygen on heating. Copper oxide when strongly heated is 
reduced to cuprous oxide, silver oxide breaks up into silver and 
oxygen at about 30 {fC whereas gold oxide breaks up at 250 ®C. 
CU2O difficult to break. 

2 Ag 20 ^ 2 °^ 4 Ag + O2 

2AU2O > 4 Au + O2 

(c) Action of water : The coinage metals are not affected 
by water or steam. However, copper is attacked by steam at 
red hot state. 


Cu (red hot) + H2O-> CuO + H2 

(d) Action of sulphur : Both copper and silver combine 
directly with sulphur. Both copper and silver are found in the 
nature in the form of sulphides. 

(e) Action of halogens : Coinage metals react much more 
readily with the free halogens than with any other element. 
Copper combines with halogens at ordinary temperatures. 

Cu + X2 -^ CuX2 
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Silver reacts slowly while, gold reacts with dry halogens on 
heating. 

2 Au + 3X2-> 2AUX3 

(f ) Action of acids : Copper, sil ver and gold do not liberate 
hydrogen from dilute acids as they are present below hydrogen 
in the electrochemical series. Copper dissolves in hot dilute 
acids HCl or H2SO4 only in presence of air or oxygen. 

Cu + 2 HC 1 + IO2-> CUCI2 + H2O 

Cu + H2SO4 +^02 -^ CUSO4 + H2O 

(dii.) 

Copper and silver dissolve readily in acids which act as 
oxidising agents, e.g., dil. and cone. HNO3, cone. H2SO4. 

_H 2 S 04 ( conc.) - > H2O + SO 2 + O_ 

Cu + H2SO4 + O ;> CUSO4 + H2O 

Cu + 2H2SO4-> CUSO4 + SO2 + 2H2O 

H2SO4 (cone.)- > H2O + SO2 -f O 

2 Ag + H2SO4 + O-> Ag2S04 + H2O 

2 Ag + 2H2SO4-^ Ag 2 S 04 + SO2 + 2H2O 

2HNO3 (cone.)-> H2O + 2NO2 + O 

Cu + 2HNO3+ O-^ Cu(N03)2 + H2O 

Cu + 4HNO3-> Cu(N03)2+2N02+ 2H2O 

2HNO3 (cone.)- > H2O + 2NO2 + O 

2 Ag + 2HNO3 + O-> 2AgN03 + H2O 

2 Ag + 4HNO3-^ 2 AgN 03 + 2NO2 + 2H2O 

2HNO3 (dil.)-^ H2O + 2 NO + 3 [ 0 ] 

[Cu + 2HNO3 + O-> Cu(N03)2 + H2O] X 3 

3 Cu + 8HNO3-> 3Cu(N03)2-t2N0 +4H2O 

2HNO3 (dil.)-> H2O + 2 NO + 3 [ 0 ] 

[ 2 Ag + 2HNO3 + O -> 2AgN03 + H2O] X 3 

6Ag + 8HNO3 -^ bAgNOs + 2 N 0 + 4H2O 

or 3 Ag + 4HNO3-> 3AgN03 + NO + 2H2O 

Gold only dissolves in aqua-regia. 

[HNO3 + 3 HC 1 -^ NOCl + 2H2O + 2 C 1 ] X 3 

(cone.) (cone.) 

[Au + 3 C 1 — » AUCI3] X 2 

[AUCI3 + HQ-> HAUCI4] X 2 

Chloro auric acid 

2 Au + 3HNO3 -I- llHCl-> 2HAUCI4 + 3NOCI + 6H2O 

HNO3 + 3 HC 1 -> NO + 2H2O + 3 C 1 

Au + HCl + 3 C 1 ^ HAuCU 

Au + HNO3 + 4 HC 1 -^ HAUCI4 + NO + 2H2O 


(g) Alloy formation : Copper, silver and gold readily form 
alloys with each other and with many other metals. They form 
amalgams with mercury. 

(h) Complex formation : These metals have strong 
tendency to form complex compounds. A n ariety of anionic 
and cationic complexes are formed. The principal coordination 
numbers are 2 or 4. Some complex compounds are listed 
below: 

K3 [Cu(CN) 4] K[Ag(CN)2] K[Au(CN)2] 

Pot. cupTocyanide Pot. argentocyanide Pot. aurocyanide 

[Cu(NH 3)4]S04 Ag(NH 3 ) 2 Cl K[AuCl4] 

Cupranunonium Silver ammonium Pot. auric chloride 

sulphate chloride 

-5^ Nature-of-Cempeunds^ -- 

(a) Oxides : The monoxides of the-type M2O are weaMy^^ - 
basic. The basicity does not vary regularly in the group, Ag20 
being most basic. These are insoluble in water. CuO shows 
basic nature while AU2O3 shows acidic nature as it dissolves 

in strong alkalies. 

CuO + H2SO4-> CUSO4 + H2O 

AU2O3 + 2NaOH-^ 2NaAu02 + H2O 

Sodium aurafce 

The oxides of silver and gold are thermally unstable. These 
can be easily reduced with reducing agents. Ihe hydroxides 
are weak bases. The hydroxides of Ag and Au are unstable. 

(b) Halides : Halides of Cu^, Ag'^ and Au’*^ are insoluble in 
water except AgR The halides of silver get decomposed in 
light. AgCl is soluble in ammonia solution. AgBr is partially 
soluble while Agl is insoluble. 

AgCl + 2NH4OH-> Ag(NH3)2a + 2H2O 

Soluble 

(e) Sulphides : Cu, Ag and Au form sulphides, CU2S, 
CuS; Ag2S; AU2S and AU2S3. Copper and silver sulphides are 
insoluble in ammonium sulphide but gold sulphides dissolve 
forming thioaurates. 

(d) Oxysalts: Copper forms stable oxysalts in divalent 
state while silver stable oxysalts are known in monovalent 
state. Gold does not form oxysalts. The oxysalts of copper and 
silver decomposes on heating. 

CUCO3 ——> CuO + CO2 

Ag2C03-> 2Ag + CO2 + I02 

Cu(N 03)2 -> CuO + 2NO2 + |02 

AgN03-^ Ag + NO2 + 5 O2' 

CUSO4-> CuO + SO2 + IO2 

Ag2S04- > 2Ag + SO2 + O2 


or 
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Similarities of Copper with Nickel and Zinc 
^ (1) Similarities with Nickel 

(i) Both are transition metals. These are hard, malleable and 
ductile. They have high melting and boiling points. They are 
good conductors of heat and electricity. 

(ii) Both the metals show variable valency. The stable valency 
is the divalency. Both form two series of salts: cuprous and 
cupric; nickelous and nickelic. Stable salts are cupric and 
nickelous (divalency). The salts are coloured—cupric salts are 
bluish and green while nickelous salts are green. 

(iii) Their ions are similar in size. 

Cu^'"= 0.69A Ni^'" = 0.72A 

(iv) Both form black sulphides, CuS and NiS. 

(v) Boffi^re acted“upon by oxidising ^fds: 

(vi) Both form similar sulphates. 

CuS 04 - 5 H 20 NiS 04 - 7 H 20 

Both are soluble in water and form double sulphates of the 
type, (NH4)2S04-MS04-6H20. 

(vii) The OMdes of both can be obtained by heating their 
carbonates or nitrates. 

NiCOs-> NiO + CO2 

CUCO3-> CuO + CO2 

Ni(N 03)2 -> NiO + 2NO2 + IO2 

Cu(N 03)2-> CuO + 2NO2 + 5 O2 

CuO and NiO are basic in nature. These can be reduced 
with hydrogen. 

(viii) Basic carbonates of the general formula MCOyM{OVS)2 
are precipitated on treating their salts with sodium carbonate. 
Normal carbonates are obtained by using sodium bicarbonate. 

(ix) Both have a tendency to form complexes. They usually 
show coordination number 4 . 

[Cu(NH 3)4]S04 [Ni(NH3)4]S04 

K3[Cu(CN)4] K 2 [Ni(CN) 4 ] 

(x) Both of them show catalytic properties. 

(xi) Both form a number of alloys. 

^ (2) Similarities with Zinc 

(i) Both are metals. 

(ii) Both show divalency. 

(iii) Both form oxides of the type MO, Le., CuO and ZnO. 
These can be obtained by heating their carbonates or nitrates. 

ZnC03-> ZnO + CO2 

Zn(N03)2-> ZnO + 2NO2 + \02 

(iv) Both form similar compounds. Sulphides, phosphates 
and carbonates are insoluble in water while chlorides and 
sulphates are soluble in H2O. 


(v) Both form hydrated sulphates, CuS04-5H20 and 
ZnS04-7H20. They also form double sulphates of the type, 
(NH4)2S04-MS04-6H20. 

(vi) Hydrated chlorides cannot be dehydrated by heating. 

ZnCl2-2H20-> Zn(OH)Cl + HCl + H2O 

(vM) Both have a tendency to form complexes. 
[Cu(NH 3)4]S04 [Zn(NH3)4]S04 

K3 [Cu(CN)4 ] K 2 [Zn(CN) 4 ] 

(viii) Both form a number of alloys. 

(ix) Basic carbonates of the general formula MC03 M(0H)2 
are precipitated on treating their salts with sodium carbonate. 
Normal carbonates are obtained by using sodium bicarbonate. 

JiJ^jCOPPEB:_ _ 

Copper has been known to mankind from prehistoric times. Ifc 
was alloyed with other metals and the use of bronze in Egypt 
is reported as early as 350 B.C. Romans and Greeks obtained 
this metal from the island of Cyprus from which the name 
‘cuprum’ was derived. 

Occurrence : Copper constitutes only 0 .(W 01 per cent of 
the earth’s crust. Its deposits, however, are concentrated. 
Copper is found in nature in the following forms. 

1. Native state ; Copper is found in the metallic condition 
in large quantities near laJce Superior in U.S.A.; in the Ural 
mountains (Russia) and Sweden. 

2. Combined state: The principal ores of copper aie 
sulphides, oxides and basic carbonates. 

■ Sulphide Ores 

(i) Chalcopyrites or copper pyrites, CuFeS2 

(ii) Chalcodte or copper glance, CU2S 

(iii) Bomite, Cu3FeS3 

■ Oxide Ore 

Cuprite (red), CU2O 

■ Basic Carbonates 

(i) Malachite (green), CuC03 Cu(OH)2 

(ii) Azurite (blue), 2CuC03 Cu(0H)2 

Copper is found to a very minute extent in the animal body 
where it is said to catalyse the action of iron in the formation 
of haemoglobin. It is present in traces in the cereals and potatoes. 
It occurs as a red colouring matter of the feathers of certain 
birds. Milk has a very low copper content. 

India is not rich in copper ores. Copper is found in India 
mainly in Singhbhum district (Jharkhand), Matigara and 
Dharwar. The copper belt in Rajasthan (Khetri) is at present 
under extensive development. 
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M Extraction 

Copper may be extracted by diflferent methods depending 
upon the nature of the ore and the % of copper The methods 
may be divided into two categories. 

1. From sulphide ores: 

(a) Dry process or smelting proc^ : This is applied to 
those ores in which copper content is more than 3 %. 

(b) Wet process or hydro->metallurgical process t This 
is applied to poor ores containing small percentage of copper. 

2. From non-sulphide ores : Leaching process. 

Dry process for the extraction of copper : Copper is 
extracted mainly from copper pyrites by dry process or smelting 
process. The process of extraction of copper from copper 
pyrites involves the following steps : 

/f) CWcelWrat^^ oreT The concSfr^ 

the sulphide ores IS"done by froth floatation process." The 
are powdered and sieved and then thrown into tanks of water 
to which pine oil and potassium xanthate have been added. A 
strong stream of air is passed which agitates the whole mass. 
Froth is produced which carries along the particles of the ore 

Ore +Water + Pine 



to the surface of the liquid while the impurities settle to the 
bottom of the tank (Fig. 14 . 8 ). The froth is continuously 
separated. This is the concentrated ore. 

(if) Roasting : The concentrated ore is heated strongly 
in a current of air on the hearth of the reverberatory fiimace 
(Fig. 14 . 9 ). During roasting the following changes take 
place. 

(a) Free sulphur is oxidised and removed as sulphur dioxide. 

S + O2-^ SO2 

(b) The arsenic and antimony present in the ore are removed 
as volatile oxides. 

4 As + 3O2- > 2AS2O3 

4 Sb + 3O2-> 2 Sb 203 


Waste gases 



Fig. 14.9 

(c) The pyrite is converted into cuprous sulphide and ferrous 
sulphide with evolution of sulphur dioxide. 

2 CuFeS 2 + O2-> CU2S + 2 FeS + SO2 

(d) The sulphides of copper and iron are partially oxidised. 

2 FeS + 3O2-^ 2 FeO + 2SO2 

2CU2S + 3O2-> 2CU2O + 2SO2 

(Ilf) Smelting : The roasted ore is mixed with coke and 
silica and transferred to a small blast fiimace (Fig. 14 . 10 ). The 



mixture is heated in the presence of excess of air. The modem 
blast furnace is made of steel lined inside with refractory bricks 
and is about 15 to 20 feet in height. It is water jacketed through¬ 
out and is provided near the top with a waste gas outlet. 
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The air blast enters the furnace through tuyeres. The 
following changes occur in the blast furnace. 

(a) The cuprous oxide reacts with ferrous sulphide. 

FeS + CU2O-> FeO + CU2S 

[Iron has greater affinity for oxygen than copper* The 
copper oxide formed reacts with unchanged iron sulphide to 
form iron oxide and reproduce copper sulphide. So it is 
difficult to oxidise cuprous sulphide until whole of the iron 
sulphide is oxidised]. 

(b) Most of the iron sulphicb is oxidised to ferrous oxide. 

2 FeS + 3O2-^ 2 FeO + 2SO2 

(c) Ferrous oxide combines with silica and forms ferrous 
silicate. By this reaction most of the iron is removed as slag. 

FeO + Si 02 - > FeSi03 

__ .“Feirous-silicate---—^— 

(Slag) 

The lowest point of the furnace consists of a shallow hearth 
in which the molten mass collects which is known as ‘Matte’. 
The matte contains mostly cuprous sulphide with a httle iron 
sulphide. 

Ov) Bessemerisation: The matte obtained from 
smelting is transferred to a Bessemer converter. Some sand 
(silica) is added and a blast of air is blown through the molten 
mass. The Bessemer converter is usually a pear shaped steel 
vessel hned with magnesite and quartz. It is fitted with air-blast 
tuyeres and mounted in such a way that it can be tilted in the 
desired direction (Fig. 14 . 11 ). 

The following reactions occur in the Bessemer converter. 

(a) Remaining ferrous sulphide gets oxidised. 


2 FeS -t- 3O2-^ 2 FeO + 2SO2 

Waste gases 



(b) Ferrous oxide combines with silica to form slag which 
is drained out at intervals by tilting the vessel. In about three 
hours time, aU the iron is removed as ferrous silicate. 

FeO + Si 02 - > FeSiOj 

(Slag) 

(c) The blast of air is continued for almost another two 
hours. Excess of silica is absorbed by basic lining of the con¬ 


verter and part of cuprous sulphide is oxidised which combines 
with remaining cuprous sulphide to form free copper metal. 

2CU2S + 3O2-^ 2CU2O -H 2SO2 

CU2S + 2CU2O-> 6 Cu + SO2 

This presents an example of auto-reduction. 

The molten copper is poured off and allowed to cool. During 
coohng, the dissolved sulphur dioxide comes out and large 
bhsters are formed on the surface. Hence, the metal formed is 
given the name ‘blister copper’. Blister copper consists 98 % 
copper and 2 % impurities. 

(v) Refining : Blister copper is subjected to refining by 
either of the following two methods. 

(a) Refining by poling : The impure metal is melted in a 
reverberatory furnace lined with sihca. A part of copper metal 
is'Midisedn©^upfoW”oxidg^whtelr^ssolves'imthe'melt and 
supplies oxygen to the more basic elements contained Jn it-Jis= 
impurity. These oxides either volatilise or combine with silica 
forming slag. The oxide of copper which remains in the mass 
is reduced by introducing poles of green wood. The gas 
(hydrocarbons) bubbles originating from the wood act as 
reducing agents. The mass is stirred vigorously with these 
poles. The process is thus called poling. 

This process produces copper of about 99 . 5 % purity and 
is known as tough pitch copper. 

(b) Electrolytic refining : Copper is usually refined 
electrolytically. The electrolytic bath consists about 15 % copper 
sulphate solution having 5 % sulphuric acid. The anodes are of 
blister copper and cathodes are t hin sheets of pure copper 
(Fig. 14 . 12 ). 

As the current flows, copper from anodes dissolves while 
pure copper is deposited on the cathodes. 



CUSO4 ^ Cu^+-t-SO|" 



Cathode Anode 

Cu 2 + + 2 e -> Cu Cu -H SO|~-> CUSO4 2 e 

The mote electropositive impurities like Fe, Zn, Ni, 
Co, etc., dissolve in the solution and less electropositive 
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impurities such as Ag, Au and Pt collect below the anode in the 
form of anodic mud. Electrolytic cop^r has a purity of 99 . 96 - 
99 . 99 %. 

Wet proems or Hydrometallurgical process: The 
essential principle of this process consists in the conversion of 
copper present in the ore into soluble copper compound and 
precipitation of copper by addition of iron or by electrolytic 
process. 

Big heaps of copper sulphide ores are exposed to air and 
rain. Water is also sprayed at times, if necessary. After a year’s 
time, the copper sulphide is slowly oxidised to copper sulphate. 
The liquor which flows from the bottom of the heaps is ran 
into pans. Copper is precipitated from the liquor by tihe 
addition of scrap iron. The precipitate is dried, melted and 
refined. 


2CU2S + 5O2-> 2CUSO4 + 2 CuO 

CUSO4 + Fe-> Cu + FeS04 

(ppt-) 

2 * Extraction of copper from non»siilphide ores : The 
oxide and carbonate ores are crushed and concentrated by 
gravity process. The concentrated ores are calcined in 
reverberatory furnace. The carbonate decomposes to form the 
oxide and the impurities either volatilise or are oxidised. 

CuC03‘Cu(0H)2-> 2 CuO + CO2 +H2O 

The oxide so formed is either reduced with carbon in 
reverberatory furnace or leached with dilute H2SO4. 

CuO + C^-> Cu + CO 

CU2O + C-> 2 Cu + CO 


or--—Cu0..~±JH2SQ4~rrrzrl^CuSO_4^jtjEl2O_ 


Copper pyrites 
(CuFeS2) 
i 

Crushed and sieved 





Matte (CU2S, FeS) 



Pure copper 
( 99 . 6 - 99 . 9 %) 
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Copper sulphate solution obtained is then electrolysed using 
copper sheet as cathode and lead plate as anode. Copper can 
also be recovered by using scrap iron. 

CUSO4 + Fe-^ Cu + FeS04 

■ Properties 

Physical: (a) It is a reddish coloured lustrous metal. 

(b) It is highly malleable and ductile. 

(c) It has specific gravity 8 . 9 . 

(d) It has high melting and boihng points (m.pt. 1083 “C, 
b.pt. 2580 “C). 

(e) It is good conductor of heat and electricity (next to 
silver). 

(f) Its atomic radii is I. 17 A and ionisation potential is 

.. . . . 

(g) Molten copper absorbs sulph.ur_dioxide_ which it gives 
out on cooling. 

Chemical; Copper is chemically less reactive as it has 
high heat of sublimation and high ionisation potential. 

(a) Action of air and oxygen : Copper is not affected by 
dry air at ordinary temperatures but when exposed to air and 
moisture, it is covered by a green thin film which was formerly 
supposed to be the basic carbonate but consists of bronchantite, 
CuS04-3Cu( 0H)2 or atacamite, CuCl2-3Cu(OH)2 due to 
presence of SO2 and HCl in the atmosphere. 

8Cu + 6H2O + 2SO2 + 5O2-^ 2 [CuS04-3Cu(0H)2] 

2 Cu + H2O + CO2 + O2-^ CuC03-Cu(OH)2 

Basic carbonate 

The layer protects the rest of the metal from further action. 

When heated in oxygen, it first forms red cuprous oxide 
(CU2O) which changes into black cupric oxide (CuO), If the 
temperature is raised above 1 KXFC, cupric oxide changes back 
to cuprous oxide. 

4 Cu + O2-> 2CU2O (red) 

2CU2O + O2-> 4 CuO (black) 

2 CuO iioo!^ CU2O + |02 

(b) Action of water: Water at ordinary temf^ature has 
no action on copper. However, when steam is passed over red 
hot copper, hydrogen is evolved. 

Cu + H2O > CuO + H2 

(c) Action of acids : Non-oxidising acids (HCl and dil. 
H2SO4) do not have any effect on copper. However, they 
dissolve the metal in presence of air. 

2 Cu + 4 HC 1 (dil. or cone.) + O2-> 2CuCl2 + 2H2O 

2 Cu + 2H2SO4 (dil.) + O2-> 2CUSO4 + 2H2O 

Copper is readily affected by oxidising acids (cone. H2SO4, 
dilute and cone. HNO3.) 

Cone. H2SO4; SO2 is evolved on heating. 


H2S04 - 

-4 H2O + SO2 + 0 

Cu + 0 + H2SO4- 

CUSO4 + H2O 

Cu + 2H2SO4 - 

CUSO4 + SO2 + 2H2O 

Dilute HNO3 : NO is evolved on heating. 

2HNO3- 

H2O + 2 N 0 + 3 [ 0 ] 

[Cu + 2HNO3 + 0 - 

Cu(N 03)2 + H2O] X 3 

3 Cu + 8HNO3 - 

3 Cu(N 03)2 + 2 NO + 4H2O 

Cone. HNO3 : NO2 is evolved on heating. 

2HNO3- 

H2O + 2NO2 + 0 

Cu + 2HNO3 + 0 - 

Cu(N 03)2 + H2O 


Cu + 4HNO3-> Cu(N03)2 + 2NO2 + 2H2O 


Copper metal reacts with hydrobromic acid (HBr) and 
hydKaodic” acid forffiing' complexes: 

2 Cu + 2 HBr-^ 2 CuBr + H2 

2 CuBr + 2 HBr-> H2[Cu2Br4] 

Copper plates are slowly attacked by acetic acid (vinegar) 
in presence of air to form basic copper acetate (verdigris): 

2 Cu + 2CH3COOH + O2-> Cu(CH3COO)2 Cu(OH)2 

Basic copper acetate (Verdigris) 

(d) Action of ammonia : Copper is dissolved by aqueous 
ammonia in the presence of air or oxygen with the formation 
of a complex. 

2 Cu + 8NH3 + 2H2O + O2-> 2 [Cu(NH3)4](OH)2 

However, when ammonia gas is passed over red hot copper, 
the nitrogen is absorbed by the metal leaving hydrogen ftee. 

(e) Action of halogens : Copper combines with halogens 
directly. 

Cu + CI2 CUCI2 


Cu + Br2 CuBr2 

Cu -I- I2 Cul2 

Moist chlorine rapidly attacks copper even at ordinary 
temperatures. 

(f) As a reducing agent: Copper reduces oxides of 
nitrogen to elementary nitrogen and ferric ion to ferrous ion. 

2 Cu + 2 NO-> 2 CuO + N2 

2 Fe^^ + Cu-> 2 Fe^^ + Cu^'" 

The etching of designs on copper plates using ferric chloride 
is based on this property. 

2FeCl3 + Cu-> CUCI2 + 2FeCl2 

(g) Displacement reactions: Copper displaces Ag, Au 
and platinum metals from their salt solutions. 

2AgN03 + Cu-> 2 Ag + Cu(N03)2 

3 Cu + 2AUCI3-^ 3CuCl2 + 2 Au 
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Copper is most useful metal (only next to iron) on account 
of its properties as it is stable in air and water and good 
conductor of heat and electricity. 

It is used, 

(i) in the manufacture of electrical wires, cables, etc, 

(ii) for making vacuum pans, heating utensils, calorimeters, 
etc. 

(iii) for electroplating and electrotyping. 

(iv) for making coins, ornaments and jewellery, 

(v) for making various compounds which are used as 
insecticides, pesticides and pigments. 

(vi) for making a large number of alloys. The important 
alloys are listed telow : 


.-Moy....:,. 


- : .. 




(a) Brass 

Cu 60-80%, 

Domestic utensils, 


Zn 40-20% 

condenses, cartridge 



cases, etc. 

(b) Bronze 

Cu 75»90%, 

Coins, statues, utensik. 


Sn 25-10% . . 

machine.parts, bells,.etc. 

(c) German 

Cu 56%, Zn 24%, 

Utensils, ornaments, 

silver 

Ni20% 

resistance cods. 

(d) Gun metal 

Cu 87%, Sn 10%, 

Machine parts, guns. 


Zn 3% 


(e) Rolled gold 

Cu 95%, A1 5% 

Artificial jewellery. 

(f) Constantan 

Cu 60%, Ni 40% 

Electrical resistances. 

(g) Monel metal 

Cu 30%, Ni 67%, 

Chemical plants. 


Fe 3% 

automobile engine parts. 

(h) Phosphorus 

Cu 85%, Sn 13%, 

Gears, aerials, 

bronze 

P2% 

propellers, etc. 


14.iB COMPOUNDS OF COPPER 


^ Copper Forms two Series of Compounds 

1, Cuprous compounds: In which copier is monovalent. 
Most of the cuprous compounds are colourless and diamagnetic 
as 3 d“Shell is completely filled. CU2O and CU2S are ted and 
black, respectively, which are exceptions. Cuprous compounds 
are generally insoluble in water. The soluble compounds are 
unstable in aqueous solutions, since they disproportionate to 
and Cu. 

+ Cu 

Cuprous compounds can be obtained by passing sulphur 
dioxide through a solution containing copper sulphate and 
sodium salt. Some examples are given below : 

(i) 2CUSO4 + 2 NaCl + SO2 +2H2O-> 

2 CuCl + Na2S04 + 2H2SO4 

Cuprous chloride 

(ii) 2CUSO4 + 2 NaBr + SO2 + 2H2O-> 

2 CuBr + Na2S04 + 2H2SO4 

Cuprous bromide 


(iii) 2CUSO4 + 2 NaI + SO2 + 2H2O-> 

2 CuI + Na2S04 + 2H2SO4 

Cuprous iodide 

(iv) 2CUSO4 + 2 NaCN + SO2 + 2H2O-> 

2 CuCN + Na2S04 + 2H2SO4 

Cuprous cyanide 

(v) 2CUSO4 + 2 NaCNS + SO2 + 2H2O-^ 

2 CuCNS + Na2S04 + 2H2SO4 

Cuprous thiocyanate 

The reactions (iii) and (iv) can take place even in absence 
of sulphur dioxide. 

2CUSO4 + 4 NaI-> 2 CuI + 2Na2S04 + I2 

2CUSO4 + 4 NaCN-> 2 CuCN + 2Na2S04 + (CN)2 

The true molecular formula of cuprous compounds is 
still doubtful. There are experimental evidences for dimeric 
inotecule. - - 


The most important compound of this class is cuprous 
chloride. 


Cuprous Chloride, CU 2 CI 2 

■ Preparation 

It is prepared— 

(i) by heating excess of copper with concentrated hydro¬ 
chloric acid in presence of a little potassium chlorate. 

Cu + 2 HC 1 -b O-> CUCI2 + H2O 

CUCI2 + Cu-> CU2CI2 

(ii) by boiling copper sulphate solution with excess of copper 
turnings in presence of hydrochloric acid. 

CUSO4 + 2 HC 1 -> CUCI2 + H2SO4 

CuCl2 "H Cu-^ CU2CI2 

(iii) by heating cupric chloride with zinc or sulphur dioxide. 

2CuCl2 + Zn-> CU2CI2 + ZnCl2 

2CuCl2 + 2H2O -b SO2-> CU2CI2 + 2 HC 1 + H2SO4 

(iv) by passing SO2 through the solution containing copper 
sulphate and sodium chloride. 

2CUSO4 + 2 NaCl -b 2H2O + SO2-> CU2CI2 + Na2S04 

-b 2H2SO4 

■ Properties 

(i) It is a white solid. It is insoluble in water but soluble in 
excess of hydrochloric acid. 

CU2CI2 + 4 HC 1 -> 2H2CUCI3 

or CU2CI2 + 6 HC 1 -b 2H3CUCI4 

The solution again gives a white precipitate on dilution. 

(ii) It gradually turns green on exposure in air due to 
oxidation. 

2CU2CI2 + 2H2O + O2-> 2 [CuCl 2 Cu(OH) 2 ] 

Basic cupric chloride 
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(iii) The solution of cuprous chloride in HCl is oxidised by 
air or oxidising agents into cupric chloride. 

CU2CI2 + 2 HC 1 + ^02 -> 2 CuCl 2 + H2O 

(iv) The solution of cuprous chloride in HCl absorbs carbon 
monoxide and forms an addition compound. 

CU2CI2 + 2 C 0 -> 2 CuCl C 0 

The addition compound decomposes on heating evolving 
carbon monoxide. The reaction is utihsed for the removal of 
carbon monoxide. 

(v) It dissolves in aqueous ammonia forming a colourless 
solution due to the formation of the complex Cu(NH3)2Cl. 

(vi) The ammonical cuprous chloride solution absorbs 

acetylene to form bright red precipitate of cuprous acetylide, 
-CU2C2._ 

2Cu(NH3)2C1 + C2H2 —^ CU2C2 + 2NH3 + 2NH4CI 

Acetylene can be regenerated by treating the acetylide with 
strong HCl. The reaction is, therefore, used for the purification 
and separation of acetylene. 

CU2C2 + 2 HC 1 -> C2H2 + CU2CI2 

(vii) Cuprous chloride with caustic alkalies gives a yellow 
precipitate of cuprous oxide which gradually changes to red. 

CU2CI2 + 2 NaOH-> CU2O + 2 NaCl + H2O 

Yellow changing 
to red 

(viii) With H2S, cuprous chloride forms a black precipitate 
of cuprous sulphide. 

CU2CI2 + H2S-> CU2S + 2 HC 1 

(ix) With sodium chloride or potassium chloride solution 
cuprous chloride forms a soluble complex. 

CU2CI2 + 6NaCl-> 2Na3CuCl4 

CU2CI2 + 6 KC 1 -> 2K3CUCI4 

(x) Dry cuprous chloride forms addition compounds with 
ammonia gas of the formula CuCl-«NH3 where « = 1 , 1 ^, 3 . 

CU2CI2 + 2NH3-> 2 CuC 1 -NH 3 

■ Uses 

(i) Ammonical solution of cuprous chloride is used for 
absorbing acetylene. 

(ii) HCl solution of cuprous chloride is used for absorption 
of carbon monoxide. 

(iii) It is also used for absorption of ammonia gas. 

(iv) It is used as a catalyst in Deacon’s process for the 
manufacture of chlorine gas. 

2. Cupric compounds : In which copper is divalent, cupric 
compounds are more stable, more common and generally more 
stable. Most of the anhydrous cupric compounds are colourless 
while the hydrated compounds are generally blue due to the 


formation of blue hydrated ion, [Cu(H20)4]^‘^ or [Cu(H20)6]^'^. 
Compounds of Cu ions are paramagnetic due to presence of 
one unpaired electron in 3 d energy shell, Le,, configuration of 
Cu is 3 d . Some important cupric compounds are described 
here. 

Cupric Oxide, CuO 

It is called black oxide of copper and is found in nature as 
tenorite. 

■ Preparation 

It is prepared— 

(i) by heating CU2O in air or by heating copper for a long 
ti me in air (the tempe ratur e sho ul d not exceed above 1 100 °C). 

CU2O +. “ O2-^ 2 CuO - 

2 Cu + O2-> 2 CuO 

(ii) by heating cupric hydroxide, 

Cu( 0 H )2 -> CuO + H2O 

(iii) by heating copper nitrate, 

2Cu(N03)2-> 2 CuO + 4NO2 + O2 

(iv) on a commercial scale, it is obtained by heating malachite 
which is found in nature. 

CuC03 Cu( 0 H )2 -> 2 CuO + CO2 + H2O 

Bi Properties 

(a) It is black powder and stable to moderate heating. 

(b) The oxide is insoluble in water but dissolves in acids 
forming corresponding salts. 

CuO + 2 HC 1 -> CUCI2 + H2O 

CuO + H2SO4-> CUSO4 + H2O 

CuO + 2HNO3-> Cu(N03)2 + H2O 

(c) When heated to 1100 - 1200 °C, it is converted into cuprous 
oxide with evolution of oxygen. 

4 CuO-> 2CU2O + O2 

(d) It is reduced to metallic copper by reducing agents like 
hydrogen, carbon and carbon monoxide. 

CuO + H2- > Cu + H2O 

CuO + C-> Cu + CO 

CuO + CO- >Cu + CO2 

■ Uses 

It is used to impart green to blue colour to glazes and glass. 
It is used in organic analysis for the estimation and detection 
of carbon. It is also used in petroleum for the removal of 
sulphur. 
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Cupric Chloride, CuCl2*2H20 

■ Preparation 

(i) The metal or cupric oxide or cupric hydroxide or copper 
carbonate is dissolved in cone. HCl. The resulting solution on 
crystallisation gives green crystals of hydrated cupric chloride. 

2 Cu + 4 HC 1 + O2-> 2 CuCl 2 + 2H2O 

GuO + 2 HC 1 -> CUCI2 + H2O 

Cu(OH) 2 CuC 03 + 4 HC 1 -^ 2 CuCl 2 + 3H2O + CO2 

(ii) Anhydrous cupric chloride is obtained as a dark brown 
mass when copper metal is heated in excess of chlorine gas or 
by heating hydrated cupric chloride in HCl gas at 150 *^ 0 . 

Cu + CI2-> CUCI2 

ISCfC 

___CuCl2-2H2£)_HCbgas ..■CUCI2J- ______ 

■ Prbperfles 

(i) It is a deliquescent compound and is readily soluble in 
water. The dilute solution is blue but concentrated solution is, 
however, green. It changes to yellow when cone. HCl is added. 
The blue colour is due to complex cation [Cu(H 20 ) 4 ]^’^ and 
yellow colour due to complex anion [CuCy and green when 
both are present. 

(ii) The aqueous solution is acidic due to its hydrolysis. 

CUCI2 + 2H2O ^ Cu(OH)2 + 2 HC 1 

(iii) The anhydrous salt on heating forms CU2CI2 and CI2. 

2 CuCl 2 -> CU2CI2 + CI2 

while the hydrated salt on strong heating giyes CuO, CU2CI2, 
HCl and CI2. 

3 CuCl 2 - 2 H 20 -> CuO + CU2CI2 + 2 HC 1 + CI2 + 5H2O 

(iv) It is readily reduced to CU2CI2 by copper turnings, or 
SO2 gas, or hydrogen (Nascent-obtained by the action of HCl 
on Zn) or SnCl2. 

CuCl2+Cu->CU2Cl2 

2 CuCl 2 + SO2 + 2H2O-> CU2CI2 + 2 HC 1 + H2SO4 

2 CuCl 2 + 2 H-> CU2CI2 + 2 HCI 

2 CuCl2 + SnCl2-^ CU2CI2 + SnCU 

(v) A pale blue precipitate of basic cupric chloride, 
CuCl2-3Cu(OH)2 is obtained when NaOH is added. 

CUCI2 + 2 NaOH-> Cu{OH)2 + 2 NaCl 

CUCI2 + 3 Cu(OH)2 -> CuCl2-3Cu(OH)2 

It dissolves in ammonium hydroxide forming a deep blue 
solution. On evaporating of this solution deep blue crystals of 
tetrammine cupric chloride are obtained. 

CUCI2+ 4NH4OH -> Cu(NH3)4Cl2 H 20 + 3H2O 


■ Uses 

It is used as a catalyst in Deacon’s process. It is also used 
in medicines and as an oxygen carrier in the preparation of 
organic dyestuffs. 

Copper Sulphate {Blue Vitriol), CuS 04 - 5 H 20 

Copper sulphate is the most common compound of copper. 
It is called as blue vitriol or nila thotha. 

■ Preparation 

(i) Copper sulphate is prepared in the laboratory by dissolving 
cupric oxide or hydroxide or carbonate in dilute sulphuric acid. 
The solution is evaporated and crystallised. 

CuO + H2SO4-> CUSO4 + H2O 

_Cu(OH)2A: H2SO4 _ 

Cu(0H)2CuC03 + 2H2S04^^^^ 2CUSO4 + 3H2Q + CQ2 : 

(ii) On a commercial scale, it is prepared from scrap copper. 
The scrap copper is placed in a perforated lead bucket which 
is dipped into hot dilute sulphuric acid. Air is blown through the 
acid. Copper sulphate is crystallised from the solution. 

Cu + H2SO4 + ^02(air) ^ CUSO4 + H2O 

■ Properties 

(a) It is a blue crystalline compound and is fairly soluble in 
water. 

(b) Heating effect: CUSO4 5H2O crystals effloresce on 
exposure and converted into a pale blue powder, CuS04‘3H20. 
When heated to 100 °C, bluish white monohydrate CUSO4H2O 
is formed. The monohydrate loses last molecule of water at 
230 ''C giving the anhydrous salt, CUSO4, which is white. 

CuS 04 - 5 H 20 .^ CuS 04 - 3 H 20 v===^ ' CuS04-H2Q 

Blue ’ Pale blue Bluish white 

■v==^ CUSO4 
White 

Anhydrous copper sulphate (white) regains its blue colour 
when moistened with a drop of water (test of water). 

If the anhydrous salt is heated at 72 (FC, it decomposes into 
cupric oxide and sulphur trioxide. 

CUSO4 ..> CuO + SO3 

f 

S02+i02 

(c) Action of NH4OH : WiHi ammonia solution, it forms 
the soluble blue complex. First it forms a precipitate of Cu(OH)2 
which dissolves in excess of ammonia solution. 

CUSO4 + 2NH4OH-> Cu(OH)2 + (NH4)2S04 

Cu(OH)2 + 2NH4OH +(NH4)2S04 ^ Cu(NH3)4S04 + 4H2O 

Tetrammine cupric 
sulphate 






686 


GR.B. Inorganic Chemistry for Competitions 


The complex is known as Schwitzer’s reagent which is 
used for dissolving cellulose in the manufacture of artificial 
silk. 

(d) Action of alkalies : Alkalies form a pale blue precipitate 
of copper hydroxide. 

CUSO4 + 2 NaOH-> Cu(OH)2 + Na2S04 

(e) Action of potassium iodide : First cupric iodide is 
formed which decomposes to give white cuprous iodide and 
iodine. 

[CUSO4 + 2 KI-> Cul2 + K2SO4] X 2 

2Cul2-^ CU2I2 + I2 

2CUSO4 + 4 KI-> CU2I2 + 2K2SO4 + I2 

(f) Action of potassium cyanide; First cupric cyanide 

is__formed_ wJbich_ decomposes__to__giv_e___c_uprous __cyanid^^^ 

cyanogen gas. Cuprous cyanide dissolves in excess of 
potassium cyanide to form a complex, potassium cupro cyanide 
[K3Cu(CN)4]. 

[CUSO4 + 2 KCN-> Cu(CN)2 + K2SO4] X 2 

2Cu(CN)2-> CU2(CN)2 + (CN)2 

Cu2 (CN)2 + 6KCN-> 2 K 3 Cu(CN )4 

2CUSO4 + lOKCN-> 2 K 3 Cu(CN )4 + 2K2SO4 + (CN)2 

(g) Action of potassium ferrocyanide : Reddish brown 
precipitate of cupric ferrocyanide is formed, (test of Cu^''' ion) 


2CUSO4 + K4Fe(CN)6-> Cu2Fe(CN)6 + 2K2SO4 

(h) Addition of electropositive metals : Electropositive 
elements like zinc and iron precipitate copper from a solution 
of copper sulphate. 

CUSO4 + Fe- > Cu + FeS04 

CUSO4 + Zn —^ Cu + ZnS04 

(i) Action of H2S : When H2S is passed through copper 
sulphate solution, a black precipitate of copper sulphide is 
formed. 

CUSO4 + H2S-> CuS + H2SO4 

The black precipitate dissolves in cone. HNO3. 

3 CuS + 8HNO3-> 3 Cu(N03)2 + 2 NO + 3 S + 4H2O 

(j) Action of potassium sulphocyanide : Cupric sulpho- 

cyanideris-formech- - 

CUSO4 + 2 KCNS 

If SO2 is passed through the solution, a white precipitate of 
cuprous sulphocyanide is formed. 

2CUSO4 + 2 KCNS + SO2 + 2H2O-> Cu2(CNS)2 + K2SO4 

+ 2H2SO7 

[This is the general method for obtaining cuprous compounds.] 

(k) Double sulphates : Copper sulphate forms double 
salts with alkali sulphate K2S04CuS04*6H20 and with 
ammonium sulphate as (NH4)2S04-CuS04-6H20. 





Cu(OH)'2 -I- 

Cu CuCI,C^/ |Heat 
-Cupric CuO 


CUgClg-^ Cupric^''^^ CuO ^ 

Cuprous chloride Copper oxide 

chloride 



CuS % 
Copper 5^ 
sulphide 6 c 

• 5 ^ 


^ O 


Cu(N03)2 




^^PPei 


PROPERTIES OF COPPER SULPHATE AND PREPARATION OF VARIOUS COPPER COMPOUNDS 
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0) Action of sodium thiosulphate : Sodium thiosulphate 
reacts with copper sulphate to form cupric thiosulphate which 
is reduced by sodium thiosulphate. The cuprous compound 
thus formed dissolves in excess of sodium thiosulphate to 
form a complex. 

CUSO4 + Na2S203 -> CUS2O3 + Na 2 S 04 

2CUS2O3 + Na2S203 - > CU2S2O3 + Na2S405 

3CU2S2O3 + 2Na2S203 - > Na4[Cu^(S203)5] 

Sodium cuprothiosulphate 

■ Uses 

(i) Copper sulphate is used for the preparation of other 
copper compounds. 

(u) It finds use in electroplating, electrotyping, calicoprmting 
and dyeing. 

It 4 s-used in-agrieidture-as a fungicMe^and^gerini^d^ 
Bordeaux mixture consisting copper sulphate and lime is 
used to kill moulds and fiingi on vines, trees, potatoes, etc. 

(iv) It is used as a laboratory reagent especially in the 
preparation of Fehling’s solution. 

(v) It finds use as an antiseptic in medicine. 

(vi) It is extensively used in electric batteries. 

14.® SILVER 

- - 

Occurrence: Silver is a rare element as it forms only 10 
per cent of the earth’s crust. However, it w^ known in 
prehistoric times and used for its colour and beauty as a precious 
metal. Silver is found in nature in two forms. 

@ 1 . Native State 

It occurs in the metallic condition usually associated with 
copper, gold and platinum metals. Native silver has been reported 
in a few places in Canada, United States of America, Mexico 
and Pern. 

s 2. Combined State 

The important ores of silver are : 

(a) In the form of sailphide: . 

(i) Argentite or silver glance, Ag2S 

(ii) Pyrargyrite or Ruby silver, 3Ag2S Sb2S3 

(iii) Stromeyerite or silver copper glance, (Cu, Ag)2S 

(iv) Silver is also associated in the form of Ag2S in the lead 
ore, galena (PbS). The lead extracted usually contains silver 
and called argentiferous lead. Silver is recovered before lead is 
put into use. 

(b) In the form of halide: 

Chlorargyrite or Horn silver, AgCl. 

In India, it occurs mainly as Ag2S associated with lead and 
zinc ores at Bawdivin and also associated with gold, in the 
native gold ores of Kolar. From these, silver is obtained as a 


by-product but no workable deposits of silver are found in 
India. 

The ores of silver are usually associated with large amounts 
of rock, silica and clay. The silver content hardly exceeds 1.0 
per cent. Most of the silver (nearly four-fifth of the total 
production) is obtained from argentiferous lead and from the 
anodic mud formed during electrolytic refining of copper. Thus, 
silver is obtained from the following sources. 

(i) From the ores of silver 

(ii) From native silver 

(iii) From argentiferous lead 

(iv) From the anodic mud in copper refining. 

^ 1. Extraction of silver from argentite ore 

(Cyanide proce^) 

Cy^de pro^^ isjhe mode m pr ocess for the extraction of 
silver. The process is also called as Mac-Arthur and Forest^ 
process." Kts based on two points. 

(i) Silver compounds (or even free silver) dissolve in 
sodium cyanide solution forming a complex salt, NaAg(CN)2, 
in presence of air. 

(ii) Silver is precipitated from this complex salt by the 
addition of zinc. 

The process involves the following steps : 

(i) Concentration of the ore : Concentration of the ore 
is done by froth floatation process. The ore is cmshed and 
taken in a tank filled with water to which pine oil and potassium 
xanthate have been added. The whole mixture is agitated by 
passing a strong stream of air. The ore particles come to the 
surface alongwith froth while sihcious impurities settle to the 
bottom. 

(ii) Cyanidation: The concentrated ore is ground to a 
very fine powder in ball mill. The finely powdered ore is 
treated with dilute solution ( 0.4 to 0.6%) of sodium cyanide 
and a current of air is blown through the whole mass. The 
silver present in the ore dissolves in the solution slowly to form 
sodium argentocyanide. 

Ag2S + 4 NaCN 2NaAg(CN)2 + Na2S 

The above reaction is reversible. The air which is blown in 
serves an important function in removing sodium sulphide 
from the equilibrium mixture and causing the reaction to 
proceed in the desired direction. 

4Na2S + 502 + 2H2O-> 2Na2S04 + 4 NaOH + 2 S 

The soluble sodium argentocyanide is removed by filtration. 

[Metallic silver and silver chloride (Horn silver) also dissolve 
in sodium cyanide solution. 

4 Ag + 8NaCN + 2H2O + O2 (air)-> 4NaAg(CN)2 + 4 NaOH 

AgCl + 2 NaCN-> NaAg(CN)2 + NaCl] 

(iii) Recovery of silver ; Silver is precipitated from the 
solution by addition of zinc powder in a finely divided condition. 
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Silver is precipitated as a dark amorphous mass while zinc 
goes into the complex. 

2 NaAg(CN)2 + Zn-> Na2Zn(CN)4 + 2Ag 

Sodium zinco- 
cyanide 

[Zinc is more electropositive than silver.] 

The precipitated silver is removed by filtration, dried and 
fused with potassium nitrate in a crucible in furnace. The 
impurities are oxidised and rise as a scum on the surface. 
Liquid silver on cooling appears as compact mass. 


Waste gases 



Fig. 14.13 

(Iv) Refining : The main impurities are of lead, copper 
and gold. These are removed by following methods. 

(a) Cnpellation process : Cupel is a big oval dish with a 
shallow hearth and is made of bone-ash or porous cement. The 
impure silver is fused on the hearth of the cupellation furnace 
and a strong current of air is blown over it. 

Lead is oxidised to lead oxide (Litharge: PbO) which is 
blown away by air. Other impurities are also oxidised and rise 
to the surface and removed as scum. The oxides may also be 
absorbed by the lining of the cupel The completion of the 
process is indicated by the appearance of bright shining surface 
of the molten silver. 

(b) Electrolytic process : The impure silver is made as 
anode and pure silver plate as cathode. The electrolytic solution 
is of silver nitrate containing 10 % nitric acid. On passing 
electric current silver ions start depositing on cathode and 
equivalent amount from anode comes into solution. In this way 
silver is transferred from anode to cathode. Copper goes into 
solution as copper nitrate while gold collects below the anode 
as anodic mud. 

2. Amalgamation process 

This is the old method of extraction. It is still in use in some 
countries. The sulphide ore is crushed and converted into a 
slime with a solution of cupric chloride. 

Ag2S + Cua2-> 2 AgCl + CuS 
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Some mercury is then added to the product. Silver chloride 
reacts with mercury liberating silver. 

2 AgCl + 2 Hg-> 2 Ag + Hg2Cl2 

FLOW SHEET FOR THE EXTRACTION OF SILVER 

Silver ore 
(Argentite) 



The silver dissolves in excess of mercury to form an 
amalgam. It is washed and then distilled when silver is left 
behind in the retorts. 


j 3. Eirtraction of silver from angentiferous lead 

(DesUverisation of lead) 

Lead ores, especially galena, contain a very small percentage 
of silver sulphide. During the extraction of lead, silver remains 
in the metal. On account of its high value, silver is removed 
from the lead before it is used for any purpose. The crude lead 
contains upto 2 % of silver. This poor amount of silver requires 
to be concentrate before desilverisation. The recovery of 
silver from crude lead (argentiferous lead), thus involves two 
steps: 

(i) Partial separation of lead (a) by Pattinson’s process or 
(b) by Parkes process. 

(ii) Removal of lead as lead oxide by cupellation process. 

(a) Pattiiison^s process : This process is based on the 

fact that silver-lead system has an eutectic mixture with 2.6% 
silver melting at 303 ®C whereas pure lead melts at 327 ®C. 
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When the molten argentiferous lead is allowed to cool slowly, 
crystals of pure lead are deposited until the silver content of the 
mixture has risen to 2 . 6 %. The crystals of pure lead are 
removed with the help of perforated ladles. The alloy rich in 
silver content is then subjected to cupellation to remove the 
remaining lead. 

(b) Parkes process : This is at present the most commonly 
used method. It depends on the following points : 

(i) Zinc and lead are not miscible. 

(ii) Silver is more miscible with zinc than lead. 

(iii) Zinc-silver alloy is lighter than molten lead and have a 
higher melting point 

Lead containing silver is melted in large pots. Zinc dust to 
the extent of only 1 % is added and thoroughly stirred. The 
temperature is raised above the melting point of zinc. Zinc 
dissolves sirvef^^^ up on the surface where zinc-silver 
alloy forms a crust This is skimmed off by perforated ladles. 
More zinc is added and the operation is rei^ated for several 
times till lead shows almost no trace of dissolved silver. It is 
possible to reduce the silver content to 0 . 0005 %. 

The zinc-silver alloy containing some lead is now distilled 
with a little charcoal when zinc distills over. The recovered 
zinc is used again. The lead silver alloy left behind is now put 
to cupellation as to remove lead. The pure silver is, thus, 
obtained. 

s 4. Recovery of silver from anodic mud of 
copper refining 

The mud is treated with nitric acid and the solution is filtered. 
The filtrate contains nitrates of silver and lead. To the filtrate 
HCl is then added when silver and lead settle down as chlorides 
in the form of white precipitate. The chlorides are separated, 
dried and fused with sodium carbonate in a crucible when an 
alloy of Ag and Pb is obtained. To remove lead, the alloy is put 
to cupellation. 

Anodic mud + HNO3-> Nitrates of Ag and Pb 

(Filtrate) 

+ HCl 

< Jgco. Agci Pba, 

Alloy ^ ^ 

Pb(N03)2 + 2 HC 1 -^ PbCla + 2HNO3 

AgN03 + HCl -> AgCl + HNO3 

PbCl2 + Na2C03-> Pb + 2 NaCl + CO2 + ^©2 

2 AgCl + Na2C03-^ 2 Ag + 2 NaCl + CO2 + ^ O2 

f 5. Silver from coins or ornaments 

Coins and ornaments are alloys of silver and copper. The 
alloy is treated with nitric acid. Both copper and silver go into 
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the solution in the form of nitrates. The excess of nitric acid 
is boiled and the solution is treated with dil. HCl when a white 
precipitate of silver chloride is obtained. This is separated and 
converted into silver by any of the following methods. 

(a) Silver chloride is fused with sodium carbonate in a 
crucible. 

2 AgCl + Na2C03 2 Ag + 2 NaCl + CO2 + ^02 

(b) The precipitate of AgCl is reduced with nascent hydrogen 
produced by the action of zinc and dilute H2SO4. 

Zn + H2SO4-> ZnS04 + 2 H 

AgCl + H-> Ag + HCl 

(c) AgCl is dissolved in potassium cyanide solution when a 
complex salt, potassium argento-cyanide is formed. 

.- - AgCT+ 2KCN-^-KAg (GN)2-+ KGl - - 

Ag is obtained from the solution by addition of zinc. : "= 
2KAg(CN)2 + Zn -> K2Zn(CN)4 + 2 Ag 

Soluble 

(d) By boiling silver chloride with caustic soda and glucose. 

2 AgCl + 2 NaOH —^ Ag20 + 2 NaCl + HjO 
Ag 20 + C 6 H ]206 - > 2 Ag + C 5 H ]207 

Glucose Gluconic acid 

The silver thus obtained, is purified by fusion with borax 
and nitre followed by electrolytic purification. 

Separation of silver from gold : The separation of silver 
and gold is technically known as parting. This is done by 
following methods: 

(a) Parting with sulphuric acid : The alloy having gold, 
less than 20%, is treated with boiling concentrated sulphuric 
acid. Silver dissolves as silver sulphate and gold remains as 
spongy mass. The solution is diluted with water and the solution 
is filtered. The filtrate is then treated with scrap iron or copper 
or zinc to separate silver. 

Ag2S04 + Zn-> 2 Ag + ZnS04 

If the percentage of gold in the alloy is more than 20 %, 
some silver is added to alloy as to reduce the percentage of 
gold less than 20% and then the process of parting is applied. 

(b) Parting with ^Moebius’ electrolytic process : The 
alloy of silver and gold is made the anode while pure silver plate 
as cathode. The electrolytic solution consists of a dilute solution 
of silver nitrate acidified with nitric acid. On passing electric 
current silver dissolves from the anode and deposits on the 
cathode. Gold remains undissolved and deposits as a slime in 
canvas bags surrounding the anode. 

AgNOs 

1i 

Ag"*" + e -^ Ag cathode <-Ag"*" + NO3 - > Ag anode 

NO3 4 * Ag ——> AgN03 + r 
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m Properties 

Physical : (a) It is a lustrous white metal. It melts at 

961 ®C and boils at 218 {fC. Its specific gravity is 10 . 5 . (b) It 
is very good conductor of heat and electricity (better than even 
copper), (c) On heating, the molten mass absorbs oxygen 
which is again released on cooling. This property is called 
spitting of silver, (d) It is hard, malleable and ductile. 

Chemical : (a) Action of atmosphere : Silver remains 
untarnished in air free from hydrogen sulphide. Air contaminated 
with hydrogen sulphide covers it with an adherent film of 
black silver sulphide. 

2 Ag + H2S-^ Ag2S + H2 

(b) Action of oxygen and water : Silver is not affected 
by oxygen and water. 

(c) Action of halogens : Silver combines slowly with 
free halogens^evea^aLroom temperature. The^ieaatiom isjapid 
at red heat 

2 Ag + > 2 AgX (X2 = CI2, Br2 or 12) 

(d) Action of acids : Silver is not affected by dilute and 
concentrated hydrochloric acid. It is also not acted upon by 
dilute sulphuric acid. 

In concentrated sulphuric acid, silver dissolves on heating 
with evolution of sulphur dioxide. 

H2SO4-^ H2O -f SO2 + O 

2 Ag + H2SO4 + O —^ Ag 2 S 04 + H2O 

2 Ag + 2H2SO4-^ Ag 2 S 04 + SO2 + 2H2O 

Silver dissolves in both dilute and concentrated nitric acids. 

Ddute HNO3 : 2HNO3-^ H2O 4- 2 NO + 3 [ 0 ] 

[ 2 Ag + 2HNO3 + O -> 2AgN03 + H2O] X 3 

6Ag + 8HNO3-> 6AgN03 + 2 NO + 4H2O 

or 3 Ag + 4HNO3-> 3AgN03 + NO + 2H2O 

Cone. HNO3 : 2HNO3-> H2O + 2NO2 + O 

2 Ag + 2HNO3 + O-> 2AgN03 + H2O 

2 Ag + 4HNO3-> 2 AgN 03 + 2NO2 + 2H2O 

or Ag + 2HNO3-> AgNOs + NO2 + H2O 

(e) Action of alkalies : Alkalies have no action on silver 
even when fused. 

(f) Action of alkali cyanides : Silver dissolves in the 
solution of alkali cyanides in the presence of oxygen forming 
the complex argentocyanide. 

4 Ag + 8KCN + 2H2O + O2-^ 4 K[Ag{CN) 2 ] + 4 KOH 

4 Ag + 8NaCN + 2H2O + O2-^ 4Na[Ag(CN)2] + 4 NaOH 

■ Uses 

(i) Silver is used in making coins, ornaments, silver-ware, 
decoration pieces, etc. Pure silver is too soft to te used for 
these purposes and is. therefore, alloyed generally with copper. 


Silver ornaments and utensils usually contain 80 % silver and 
20 % copper, A silver coin has generally the composition Ag 
50 %, Cu 40 %, Zn 5 % and Ni 5 %. 



Potassium argentocyanide 
solution 


Fig. 14.14 _ 

(ii) Silver is used for plating articles of base-metals. The 
article to be plated is made the cathode while the anode consists 
of pure silver. The electrolyte is the solution of potassium 
argentocyanide. As the complex ion is very stable, the concen¬ 
tration of silver ion in solution is very small at any time. 

[Ag(CN)2]" ^ Ag"* + 2 CN" 

Silver is deposited slowly and uniformly when electricity is 
passed through the solution. 

(iii) Silver amalgam is used in filling teeth and in silvering 
mirrors. 

(iv) Silver leaves are used in Ayurvedic and Yunani 
medicines. 

(v) It is used for making silver salts used in silvering of 
mirrors, photography and medicine, 

14.1® COMPOUNDS OF SILVER 

Silver nitrate (Lunar caustic), AgNOs 

Silver nitrate is the most common and important salt of 
silver. 

■ Preparation 

It is prepared by heating silver with dilute nitric acid. The 
solution is concentrated and cooled when the crystals of silver 
nitrate separate out. 

3 Ag + 4HNO3 SAgNOj + NO + 2H2O 

(Dilute) 

■ Properties 

(a) It is a colourless ciystalline compound, soluble in water 
and alcohol. It melts at 212 ®C. 

(b) In contact with organic substances it blackens due. to 
decomposition into metallic silver. Thus, it leaves black stains 
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when comes in contact with skin and clothes. It produces 
burning sensation like caustic and leaves a white stain (usually 
a black stain) like the moon luna on skin and thus, called Lunar 
caustic. It is decomposed by light also and therefore stored in 
coloured bottles. 

(c) On heating above its melting point, it decomposes to 
silver nitrite and oxygen. 

2AgN03-^ 2AgN02 + Oj 


When heated at red heat, it further decomposes to metallic 
silver. 

2 AgN 03 -> 2 Ag + 2NO2 ■*“ 

(d) Solutions of halides, phosphates, sulphides, chro¬ 
mates, thiocyanates, sulphates and thiosulphates, all give a 
precipitate of the corresponding silver salt with silver nitrate 
solution. 


Silver nitrate 

(AgNOs) 


^ Chlorides 

AgN03 + NaCl 
^ Bromides 

AgN03 + NaBr 
Iodides 

_ AglSDs ± J^Ial....- 

±Phosphates 

3 AgN 03 + Na 3 P 04 
-> Sulphides 

2AgN03 + NaaS 
-> Chromates 

2AgN03 + K2Cr04 
Thiocyanates 

AgNOs + NaCNS 
Sulphates 

2 AgN 03 + Na 2 S 04 
-> Thiosulphate 


—> white precipitate of AgCl, 

—> AgCl + NaN 03 
—> pale yellow ppt. of AgBr, 

—> AgBr -I- 

- > yellow ppt. of Agl, 

AgL+-NaNOj-- --- 

-TTT-i.-yellow ppt.- of Ag3P04, 

—> Ag3K)4 -H 3 NaN 03 
—> black ppt. of Ag2S, 

-> Ag2S + 2NaN03 

-^ brick red ppt. of Ag2Ci04, 

—> Ag2Cl04 -I- 2KNO3 

-> white ppt. of AgCNS, 

->, AgCNS + NaNOs 

- > white ppt. of Ag2S04, . 

-> Ag2S04 -t 2NaN03 

- > white ppt. of Ag2S203 which gradually 

changes to black due to hydrolysis. 


2AgN03 -I- Na2S203 

Ag2S203 + H2O 


^52^2^3 "h 2NaN03 
Ag2S + H2SO4 

(Black) 


On account of these reactions, silver nitrate is an excellent 
laboratory reagent for the identification of various acidic radicals. 

(e) Solid AgN03 absorbs ammonia gas with the formation 
of an addition compound, AgN03’2NH3. 

(f) When treated with a solution of NaOH, it forms precipitate 
of silver oxide. Originally, it has brown colour but turns black 
when dried. 

2AgN03 H- 2 NaOH-> Ag20 + 2NaN03 + H2O 

(g) When KCN is added to silver nitrate, a white precipitate 
of silver cyanide appears which dissolves in excess of KCN 
forming a (X)mplex salt, potassium argento cyanide. 

AgN03 + KCN-> AgCN + KNO3 

AgCN + KCN-> KAg(asr )2 

Potassium argentocyanide 

(h) When sodium thiosulphate is added to silver nitrate, a 
white precipitate of silver thiosulphate appears. This precipitate, 
however, dissolves in excess of sodium thiosulphate forming 
a complex salt. 


2AgN03 + Na2S203 - ^ Ag2S203 + 2NaN03 

Ag2S203 + 3Na2S203 -> 2Na3[Ag(S203)2] 

Sodium argeutothiosulphate 

(i) AgN03 reacts with iodine in two ways ; 

(a) 6AgN03 (excess) + 3I2 + 3H2O-> 

AglOs + 5 AgI -I- 6HNO3 

(b) 5AgN03 + 3I2 (excess) + 3H2O- > 

HIO3 -h 5 AgI + 5HNO3 

(j) Silver is readily displaced from an aqueous silver nitrate 
solution by the base metals, particularly, if the solution is 
somewhat acidic, 

2AgN03 + Cu-> 2 Ag + Cu(N03)2 

2AgN03 + Zn-> 2 Ag + Zn(N03)2 

(k) Phosphine, arsine and stibine all precipitate silver from 
silver nitrate solution. 

PH3 + 6AgN03 -I- 3H2O-> 6Ag + 6HNO3 -I- H3PO3 
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ASH3 + 6AgN03 + 3H2O-> 6Ag + 6HNO3 + H3ASO3 

( l ) All halogen acids, except HF, precipitate silver halides 
from aqueous solution of AgN03. 

AgNOj + HX-> AgX + HNO3 

(m) When NH4OH is added to silver nitrate solution, a 
brown precipitate of silver oxide appears which dissolves in 
excess of ammonia forming a complex salt. 

2AgN03 + 2NH4OH-> Ag20 + 2NH4NO3 + H2O 

Ag20+ 2NH4NO3 + 2NH4OH-> 2[Ag(NH3)2]N03 + 3H2O 

The ammonical solution of AgN03 gives the following 
reactions; 

(a) It reacts with acetylene to form white compound, silver 
acetylide. 

2 AgN 07 + 2 NHaOH + C^H^-> Ag ^Co + 2 NHaNO^ + 2 H ,0 

Silver acetylide 

(b) It converts gliK:o^ to glocomc 

Ag 20 + C5H12O6-> 2 Ag + C6H12O7 

(c) It oxidises formaldehyde to formic acid. 

Ag 20 + HCHO-> 2 Ag + HCOOH 

■ Uses 

(i) It is used as a laboratory reagent for the identification of 
various acidic radicals especially for chloride, bromide and 
iodide. The ammonical silver nitrate solution, Le., Tollen’s 
reagent is used in organic chemistry for testing aldehydes, 
reducing sugars, etc, 

(ii) Silver nitrate used for making silver halides which are 
used in photography. 

(hi) It is used in the preparation of making inks and hair 
dyes. 

(iv) A very dilute solution is used in causterisation of eyes. 
The salt is sometimes used as a dental antiseptic. 

(v) It is used extensively for the preparation of silver 
mirrors. The process of depositing a thin and uniform layer of 
silver on a clean glass surface is known as silvering of mirrors. 
It is employed for making looking glasses, concave mirrors 
and reflecting surfaces. The process is based on the reduction 
of ammonical silver nitrate solution by some reducing agent 
like formaldehyde, glucose, etc. The silver film deposited on 
the glass is first coated with a varnish and finally painted with 
red lead to prevent its being scraped off. 

Silver bromide, AgBr 

■ Preparation 

It is prepared by the reaction of silver nitrate with a soluble 
bromide. 


■ Properties 

(a) It is a pale yellow solid. It is insoluble in water and 
concentrated acids. It is partially soluble in strong solution of 
ammonium hydroxide due to complex formation. 

AgBr-f 2NH4OH-^ Ag(NH3)2Br + 2H2O 

(b) On heating, it melts to a red liquid. 

(c) It is most sensitive to light. It undergoes photoreduction. 

2 AgBr 2 Ag + Br2 

(d) It dissolves in potassium cyanide. 

AgBr+ 2 KCN-> KAg(CN)2 + KBr 

Potassium argento- 
cyanide (Soluble) 

(e) It dissolves in sodium thiosulphate. 

AgBr + 2Na2S203^^ Na3_[Ag(S203)2] + NaBr_ 

Sodium argento- 
..... thiosulphate (SoluWe) 

(f) AgBr is reduced to silver, when treated with zinc and 
dilute H2SO4. 

Zn + H2SO4-> ZnS04 + 2 H 

2 AgBr + 2 H-> 2 Ag + 2 HBr 

[Note : All above ructions are also observed in the case of A^l. 
However, it is white and fairly soluble in ammonium hydroxide. 
It is sensitive to light.] 

■ Uses 

It is used for making photographic films and plates because 
it is sensitive to light. 

14.19 GOLD 

Occurrence : Gold is mainly found in native state either 
mixed with quartz in ancient rocks (vein gold) or scattered in 
sand and gravel (placer gold) or in the alluvial sand (alluvial 
gold) of certain rivers which pass over auriferous rocks. It is 
also found to a small extent in combined state as sulphide, 
telluride or arsenosulphide. The important sources of gold are: 

(i) Alluvial sand or gravel 

(ii) Calaverite AuTe2 
(hi) Sylvanite AuAgTe2 

Mainly gold comes from the mines of South Africa. India 
produces about 2 % of the total world production. Kolar 
Mines in Karnataka produce about 99 % of our gold output. 

Extraction: (i) From alluvial sa» From alluvial 

sands, gold is recovered by making use of its high specific 
gravity ( 19 . 3 ). The oldest method is pan washing. In big pans 
made of iron or zinc, the gold bearing sand is agitated by 
giving a rotatory motion to the pan when the heavier gold 
particles settle down whereas the sand is washed away. This 
has now been replaced by placer mining. 


AgNOs + NaBr-> AgBr + NaNOs 
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Gold bearing sand is introduced in a sluice way system and 
powerful streams of water are passed over it, A sluice way 
system is an inclined channel made up of wood having a series 
of sluices, Le,, troughs and cross wire strips known as riffles. 
The gold particles are retained in the sluice whereas sand 
particles are taken away by the water. 

(ii) From auriferous quartz: The bigger pieces of 
auriferous quartz are crushed and broken into small pieces by 
rock crushers and then powdered by a battery of stamp mills 
working in series. The powdered ore is washed out of stamp 
mill by a current of water, when only fine particles can pass 
through the screen. 

M Amalgamation process 

_ The^slujoyjfom the_stampjiulL is passecLover-^amalgamatecL - 
copper plates placed just infront of stamp mills. The gold 
cornbines with mercury to form amalgam which is removed 
from the plates. 

The amalgam is then distilled when the mercury passes over 
leaving behind gold. This process can remove 70 - 80 % of the 
gold. The residual part is known as tailings. 

The tailings or the concentrated ore of gold is put in large 
vats made of wood or cement having perforated false bottoms 
covered with coconut mattings. This is treated with 0 . 1 % 
solution of NaCN in the presence of excess of air. The gold 
dissolves according to the following reaction. 

4 Au + 8NaCN-f 2H2O + O2-> 4Na[Au(CN)2] + 4 NaOH 

The gold solution obtained is treated with zinc dust when 
gold being less electropositive gets precipitated. 

2 Na[Au(CN)2]+ Zn-> Na2Zn(CN)4 + 2 Au 

The precipitated gold is recovered by filtration. 

The crude gold contains silver, copper, zinc, lead, etc., as 
impurities. These impurities are removed by cupellation and 
parting process. Gold can be refined by electrolytic process 
also. 

B Fineness of Gold 

Gold is a precious and noble metal. It is very stable towards 
common reagents and resists the action of the atmosphere. It 
is not attacked by air or oxygen or water at any temperature. 
Since it retains its bright surface untarnished, it is used for 
making ornaments, jewellery and watches. Generally, small 
quantities of other metals, especially copper, are added to the 
gold to make it harder. The purity or fineness of gold is generally 
expressed in carats, pure gold being known as 24 carats. 
Ornaments available these days are made of 18 carats. ITiis is 
an alloy of gold containing 18 parts gold and 6 parts other 
metals. 


Thus, percentage of gold in 18 carats is — x 18 , Le,, 75 
and the percentage of other metals is 25 . 

POSITION OF ZINC FAMILY 
IN PERIODIC TABLE 

Group 12 (IIB) of the long form of periodic table consists 
of four elements namely zinc (Zn), cadmium (Cd), mercury 
(Hg), and ununbium(Uub)^. These are collectively called as 
zinc metals as zinc is the predominant member. These elements 
are the end members of the four series of ^i-block elements as 
the last differentiating electron is accommodated on {n - l)d 
energy shell. Zinc is the last member of 3 d series, cadmium is 
the last member of 4 d series, mercury is the last member of 
5 { 7 -se!iea and: ununbinniris thr last member of-6d series^:- 



IB 



Period 

(11) 

- (12) 

( 13 ) - 

4 

Cu 

Zn 

Ga 


( 29 ) 

( 30 ) 

( 31 ) 

5 

Ag 

Cd 

In 


( 47 ) 

( 48 ) 

( 49 ) 

6 

Au 

Hg 

T 1 


( 79 ) 

( 80 ) 

( 81 ) 

7 

Uuu 

Uub 

Uut 


(111) 

(112) 

( 113 ) 


3 d series Sc ( 1 st member, 3 d^) . . .Zn (last member, 3 d^^) 
4 d series Y ( 1 st member, 4 d^) , . ,Cd (last member, 4 d^^) 

5 d series La ( 1 st member, 5 d^) , . .Hg (last member, 5 d^^) 
6 d series Ac ( 1 st member, . . .Uub (last member, 6 d^^) 

IIB group is present between IB (Transition elements) and 
niA (Normal elements). Thus, the elements of IIB show mixed 
properties of transition elements and normal elements. The 
inclusion of Zn, Cd, Hg and Uub in the same sub-group of the 
periodic table is justified by the similarities and gradation in 
their properties as the atomic number increases from Zn to 
Uub. 

^ 1. Electronic configuration 

They have similar electronic configuration. The distribution 
of the electrons in various energy shells of these atoms is 


shown below : 

Zn 30 2, 8, 18,2 4/ 

Cd 48 2, 8, 18, 18, 2 ....4/^ 5/ 

Hg 80 2, 8, 18, 32, 18, 2 ...6r 

Uub 112 2, 8, 18, 32, 32, 18, 2 ..6^^^ 7r 


*Unuabium is recently discovered synthetic radioactive element. Not much is known about its properties. 
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These configurations show that outermost shell has two 
electrons while the penultimate shell contains 18 electrons, 
Le,y they have general configuration {n-l)d ns . Thus, these 
are 4-block elements but do not show many properties which 
are shown by 4 -block elements. For example, (i) They do not 
show variable valency, (ii) Most of their compounds are 
colourless, (iii) Their melting and boiling points are very low. 
(iv) These are diamagnetic, (v) These are more electropositive 
as the oxidation potentials for zinc and cadmium being positive. 
This is due to the completion of (n - 1)4 energy shell which 
has 10 electrons (the maximum capacity of 4 -subshell). 

^ 2. Valency 

All the elements show divalency as only ns electrons are 
lost b y these elements. ions produced, possess ( n - 1 ) 4 ^ ^ 
configuration. This configuration is stable and hence cannot 
lose ^y more electrons. However, 

of salts, vfe., mercurous salts containing Hg2 ion and mercuric 
salts containing Hg^'*’ ion. Both these ions show divalency of 
mercury. Mercurous ion does not exist as Hg'*’ but as Hg2^. 
Thus, mercurous chloride exists as Cl—^Hg—Hg—Cl and not 
as Hg—Cl. 

® 3. Occurrence 

They do not occur in free state. All these metals occur as 
sulphides which constitute their important ores. Cadmium is 
usually found in the ores of zinc. However, mercury occurs in 
small quantities in the native state. 

^ 4. Physical characteristics 

(a) Physical state: Zinc and cadmium are solids while 
mercury is a liquid at ordinary temperature. The interatomic 
forces of attraction are considerably weak. These are so small 
in mercury that it exists in liquid state. 

(b) Melting and boiling points : The melting and boiling 
points are low as electrons from (n - l) 4 -shell are not available 
for bonding. 


Element 

Zn 

Cd 

Hg 

M.pt. CC) 

419.5 

320.9 

-38.4 

B, pt. (X) 

907 

765 

357 


These metals are volatile in nature and easily come into 
vapour state. 

? volume and density : The 

atomic radii are fairly large, i.e., more than coinage metals but 
less than alkaline earth metals. Atomic radii, atomic volume and 
density gradually increases from Zn to Hg. 


Element 

Zn 

Cd 

Hg 

Atomic radii 

1.25 

1.41 

1.44 

Atomic volume 

9.20 

13.10 

14.80 

Density 

7.10 

8.60 

13.60 


(d) Ionisation energy and oxidation potential: These 
metals have fairly high values of ionisation energies. The 
values indicate that these metals should be less reactive. In 
fact, they are even more reactive than the coinage metals. This 
is due to their high values of oxidation potentials which are 
positive for Zn and Cd. The ionisation potential does not follow 
the regular trend. The electropositive nature and the chemical 
activity decreases from Zn to Hg. Hg is somewhat noble in 
nature. 


Element 

Zn 

Cd 

Hg 

First ionisation potential (eV) 

9.40 

9.00 

10.40 

Oxidation potential (volt) 

0.76 

0.40 

-0.85 


(e) Other physical properties : All the three metals are 
good conductors of electricity. These are greyish white lustrous 
metals. These are malleable and ductile.-The malleability and 
ductility decreases from Zn to Cd. Except Hg, other two metals 
are moderately hard. 

^ 5. Chemical nature of the metals and their 
compounds 

(a) Action of air and water ; The effect of atmosphere 
decreases from Zn to Hg. Zinc is slowly coated with a bluish 
white protective film of oxide in moist air, cadmium is much 
less affected while mercury is not affected at all. 

Zinc decomposes boiling water slightly but at red heat, zinc 
decomposes steam easily. Cadmium resembles zinc but is much 
less reactive. Mercury is not affected under any conditions. 

Zn + H2O-^ ZnO + H2 

(b) Action of oxygen : All form oxides of the type MO 
when heated in air or oxygen. Basic properties increases. ZnO 
is amphoteric while CdO and HgO are basic in character. 
These are insoluble in water. 

ZnO + 2 HC 1 -> ZnCl2 + H2O 

ZnO + 2 NaOH-> Na2Zn02 + H2O 

Sodium zincate 

HgO + H2SO4-> HgS 04 + H2O 

The stability of the oxides towards the action of heat 
decreases in the order of Zn, Cd, Hg. Zinc oxide and cadmium 
oxide sublime.HgO does not sublime because it decomposes 
on heating. 

2 HgO-> 2 Hg + 02 

The colours of these oxides are interesting. Zinc oxide is 
white at room temperature but turns yellow on heating. At high 
temperature metal excess non-stoichiometry is shown by ZnO. 
Cadmium oxide has chocolate brown colour but is white at 
liquid air temperature. Mercury oxide is known in two forms: 
yellow and red. The colour difference is due to particle size. 

Both Zn and Cd form peroxides, Zn02 and Cd02, when 
their hydroxides are treated with H2O2 solution. These peroxides 
are less stable. Hg does not form peroxide. 
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(c) Action of acids : Both zinc and cadmium dissolve in 
dilute hydrochloric acid and sulphuric acid with evolution of 
hydrogen but merci^ remains unattacked, 

Zn -h 2 HC 1 -> ZnCl2 + H2 

Cd + 2 HC 1 -> CdCl2 + H2 

Zn + H2SO4-> ZnS04 + H2 

Cd -h H2SO4-> CdS04 + H2 

Zinc and cadmium dissolve in dilute and concentrated nitric 
acid forming N2O, NO, NO2 or NH3 depending on the 
concentration of the acid. However, Hg with dilute HNO3 
forms mercurous nitrate and nitric oxide and with concentrated 
nitric acid it forms mercuric nitrate and nitrogen dioxide. 

6Hg -h 8HNO3 (dil.)-> 3 Hg 2 (N 03)2 + 2 NO+ 4H2O 

Hg + 4fDsf03 tconc:) Hg(NO^^^^ + 2H2O 

Hot concentrated sulphuric acid dissolves all the metals 
with the evolution of sulphur dioxide. 

M -h 2H2SO4-> MSO4 + SO2 + 2H2O 

(Hot and cone.) 

(d) Action of alkalies : Zinc dissolves in caustic alkalies 
with formation of zincates and evolution of hydrogen. Cadmium 
and mercury are not affected. 

Zn -h 2 NaOH-> Na2Zn02 + H2 

(e) Halides : These metals directly react with halogens. 

X2 -> MX2 

The nature of the bond depends on the polarising power of 
the cation and the polarisability of the anion. It is observed that 
polarising power increases from Zn to Hg and from F to 1 . The 
covalent nature of halides increases from Zn to Hg and from 
F to I. All the halides except Hgl2 are white solids, they have 
low melting points and are easily volatile. Hgl2 is red but it 
becomes yellow on heating at 126 °C. All the halides, except 
fluorides, form halo complexes of the type MX 3 and MX4“ 
with halide ions. 

(f ) Sulphides : AU form sulphides of the type MS, which 
can be precipitated by passing H2S through their salts solutions. 

ZnS CdS HgS 

White Yellow Black 

The solubility products of the sulphides decrease from Zn 
to Hg. ZnS is soluble in dilute acids, CdS is soluble in 
concentrated acids but HgS is insoluble even in concentrated 
acids. HgS is soluble in aqua-regia. 

(g) Oxysalts : The sulphates, nitrates, acetates and perchlo¬ 
rates of these metals are soluble in water. The carbonates and 
oxalates are insoluble. Various salts are thermally less stable. 
The ease of decomposition increases from zinc to mercury. 
Mercury salts yield mercury in some cases. 

ZnC03-> ZnO + CO2 

2ZnS04-> 2 ZnO + 2SO2 + O2 
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2Zn(N03)2 -> 2 ZnO + 4NO2 + O2 

Hg 2 C 03 -^ HgO + Hg + CO2 

3 HgS 04 -> Hg 2 S 04 + Hg -h 2SO2 + 2O2 

2 Hg(N 03)2 —^ 2 HgO -h 4NO2 + O2 

All the three elements form double sulphates crystallising 
with six molecules of water, for example, K2S04-ZnS04-6H20. 

(h) Complexes : All the three elements form complexes 
particularly with cyanide ions, ammonia, halide ions and many 
other ligands. The complexes of Hg^'*' are much more stable 
than Zn^'*' and Cd^'*'. The most common coordination number 
of Zn and Cd in the complexes is four. Quite a few six 
coordinated complexes are also known. Some examples are 
given below: 

____LZn(NH 3 ) 4 ]S 04 _[Cd(NH^) 4 S 04 _ 

. : K 7 Cd (GN )4 : : .v ^- 

[Zn(en) 3 f^ [Cd(en) 3 ]^^ 

(en = ethylene diamine) 

The common coordination numbers of mercury are 2 and 
4 . For example, Hg(NH2)Cl and K2Hgl4. 

(i) Alloys and amalgams : Zinc forms a number of alloys 
with other metals. Cadmium is used for making low melting 
alloys with lead, bismuth and tin. Mercury forms a series of 
combinations with other metals known as amalgams. 



ZINC 


Occurrence : Zinc is usually found in the combined state 
although traces of the metal in the native state have been 
reported from Melbourne (Australia). Its chief ores are: 

1 . Zinc blende, ZnS. It is found in Burma, Belgium, Silesia 
and Oklahoma. 

2 . Calamine or zinespar, ZnC03 

3 . Zincite, ZnO 

4 . Willemite, Zn2Si04 

Traces of zinc in the form of organo-metallic compounds 
have been reported in the animal cells and in snake-poison. In 
India, zinc is mainly found at Zawar in Rajasthan. 

Extraction : Zinc is extracted from its ores by two methods: 

1 . Reduction process 

2 . Electrolytic process. 


^ 1 . Reduction Process 

It involves the following steps : 

(i) Concentration : When zinc blende is used, the 
powdered ore is concentrated by froth floatation process. In 
the case of calamine ore, the concentration is done by gravity 
process. If the ore contains iron oxide, the latter is removed 
by magnetic separation. 

(ii) Roasting : The concentrated ore is heated in excess 
of oxygen at about 900 °C. Zinc sulphide is oxidised to zinc 
oxide. If some of the ore is oxidised to zinc sulphate, it also 
decomposes at 900 ''C into ZnO. 
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2ZnS + 3 O 2 -> 2ZnO + 2 SO 2 

, ZnS + 2 O 2 -> ZnS 04 

2 ZnS 04 -> 2ZnO + 2 SO 2 + O 2 

When the ore is calamine, it shall decompose into oxide with 
evolution of carbon dioxide. 

ZnC 03 —ZnO + CO 2 

For roasting, a reverberatory furnace may be used. 

(iii) Reduction : The principal reaction that takes place 
during reduction is the conversion of the oxide into the metal 
with the help of carbon. 

ZnO + C-> Zn + CO 

There are different types of reducing fiimaces for the 
reduction of the oxide. All make use of the same principle but 
differ only in the details of construction and method by which 
the metal is separated. 

(a) Belgian process r It is an old process. Th roasted 
ore is heated with coke to about llOO^C in a small fireclay 
retorts. The heating is often done by producer gas. Each retort 



Fig. 14.15 

is filled with a mixture of 2 parts ore and one part coke. The 
retorts are about 1.5 metre long and 25 cm in diameter. Each 
retort is circular or elliptical in shape and closed at one end. 
The mouth of each retort is provided with an earthenware 
condenser. The temperature is raised to about IIOCPC, the CO 
formed during the process bums at the mouth of the retorts 
and when the colour of the flame changes from blue to greenish 
white, the condensers are fitted there on. These condensers 
are cooled by air and the metal condenses in these partly as a 
fused metal (spelter) and partly as a powder (zinc dust). 

Reactions : ZnO + C-> Zn + CO 

ZnO + CO->Zn 4- CO 2 

C02 + C^ 2CO 

There are number of such retorts which are arranged in 
three or four rows one above the other. 

(b) Vertical retorts process : This is a continuous process 
and is largely used these days. It is economical also. 

In this process the vertical retorts of atout 15 metre height 
are used. Each is connected with an arrangement for continuous 



feeding of roasted ore and powdered coke. Retorts are made 
of highly refractory silicon carbide bricks capable of with¬ 
standing high temperature 1300*^C. The retorts are heated 
externally by producer gas. There is an extension at the bottom 
through which ash can be removed. The open end of the retort 
is connected with condensers. Zinc vapour and carbon 
monoxide pass into the condensers when zinc liquefies. Molten 
zinc is periodically taped off from the condensers and carbon 
monoxide is used as fuel for heating the furnace. 

(iv) Purification: The zinc obtained above is impure 
containing 97.8% zinc and rest impurities of lead, iron, cadmium, 
arsenic, etc. This impure zinc is known as spelter. This is put 
to further purification by distillation. The distillation is carried 
around 950-1()00'^C when only zinc (b. pt. 907''C) and cadmium 
(b. pt. 767T) distil over. From this sample, cadmium is removed 
at 800T. 

The impure zinc can also be purified electrolytically. The 
impure metal is made anode and cathode consists of sheets of 
pure aluminium. A solution of zinc sulphate acts as an electrolyte. 
Zinc dissolves from anode and deposits on cathode when 
electric current is passed. Zinc is scraped off from the 
aluminium sheets. 

2. Electrolytic Process 

This method is gradually replacing the reduction process. 
The roasted ore is dissolved in dilute sulphuric acid and the 
solution is filtered. The solution is freed from iron, aluminium, 
silica, etc., by treatment with calcium hydroxide. Copper and 
cadmium are removed by precipitation with zinc dust at 75®C. 
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FeS04 + Ca(OH)2-» Fe(OH)2 + CaS04 

CdS04 + Zn-> Cd + ZnS04 

CUSO4 + Zn-Cu + ZnS04 

The filtered solution is subjected to electrolysis by using a 
sheet of pure aluminium as cathode and pure lead plate as 
anode. The zinc is removed from cathode by melting. The zinc 
obtained is 99 . 95 % pure. 

Granulated zinc is made by melting the metal in a crucible 
and pouring the drops in \yater. Zinc sheet is formed by heating 
the metal at 150 ®C when it becomes soft and then can be rolled 
into sheets. 

■ Properties 

Physical: (a) It is a bluish white metal. It acquires grey 

colouT-when exposed-to moist-aQnosphere. (b) It-melts at - 
419 . 5 ®C and boils at 907 °C. (c) It has specific gravity 7 . 1 . 
(d) It is malleable and ductile, (e) It is good conductor of heat 
and electricity. 

Chemical: (a) Action of air : It is not affected by dry 

air. In moist air, a protective thin film of basic carbonate is 
formed on its surface. When heated in air strongly, it bums 
forming a white smoke which settles down to soft wooly 
flocks of zinc oxide called the philosopher’s wool or pompholyx. 

2 Zn + O2-> 2 ZnO 

(b) Action of water : Pure zinc is not affected by water. 
The commercial zinc decomposes boiling water. At red heat, 
the metal decomposes steam evolving hydrogen. 

Zn + H2O->ZnO + H2 

(c) Action of acids : Pure zinc is aitacked slowly by acids 
but commercial zinc reacts readily wills all acids. It dissolves 
in HCl (dilute and cone.) and dilute H2SO4 evolving hydrogen. 

Zn + 2 HC 1 -> ZnCl2 + H2 

Zn + H2SO4-> ZnSOa + H2 

It dissolves in concentrated H2SO4 with evolution of SO2. 

H2SO4-> H2O + SO2 + O 

Zn + H2SO4 + O-> ZnS04 + H2O 

Zn + 2H2SO4-> ZnS04 + SO2 + 2H2O 

Dilute nitric acid gives nitrous oxide or ammonium nitrate 
depending on the strength of the acid. 

Very dilute HNO3: Ammonium nitrate is formed. 

[Zn + 2HNO3-> Zn(N03)2 + 2 H] x 4 . 

2HNO3 + 8H-> NH4NO3 + 3H2O 

4 Zn + IOHNO3-> 4Zn(N03)2 + NH4NO3 + 3H2O 

Dilute HNO3: Nitrous oxide is evolved. 

[Zn + 2HNO3-> Zn(N03)2 + 2 H] X 4 

2HNO3 + 8H-> N2O + 5H2O 

4 Zn + IOHNO3-> 4Zn(N03)2 + N2O + 5H2O 


Cone. HNO3 : Nitrogen dioxide is evolved. 

Zn + 2HNO3-> Zn(N03)2 + 2 H 

[HNO3 + H-> NO2 + H2O] X 2 

Zn + 4HNO3-> Zn(N03)2 + 2NO2 + 2H2O 

(d) Action of alkalies : Zinc dissolves in hot caustic 
alkali solutions forming alkali zincate and evolving hydrogen. 

Zn + 2 KOH-> K2Zn02 + H2 

Pot. zincate 

(e) Electropc^itive nature : Zinc displaces many metals 
such as lead, copper, silver, gold, etc., from their salt solutions 
as it is highly electropositive. 

Zn + CUSO4-> ZnS04 + Cu 

Zn + 2AgN03-> Zn(N03)2 + 2 Ag 

” (fJ Acfidri of : Zinc decomposes ammonia at 

■red'heatv- -'—"--- 

3 Zn + 2NH3-^ Zn3N2 + 3H2 

(g) Action of halogens ; It reacts with halogens directly. 

Zn + X.2 -^ Z11X2 

(h) Action of sulphur : When heated with sulphur, it 
forms zinc sulphide, 

Zn + S-^ ZnS 

■ Uses 

(i) Zinc is used in the manufacture of various important 
alloys such as brass, german silver, etc. 

(ii) Zinc is used in Parkes process for the extraction of 
silver from argentiferous lead. Zinc dust is used for the extraction 
of Ag and Au by cyanide process. 

(iii) Zinc dust is used in the laboratory as a reducing agent. 

(iv) Zinc rods are used in making electric batteries. 

(v) The most important use of zinc is for the galvanising 
of iron. Galvanising is a process of depositing a thin layer of 
zinc over the surface of iron. The zinc coating protects the 
iron from corrosion. The iron articles to be galvanised are first 
cleaned by means of a sand blast and then dipped in dilute 
H2SO4 and finally washed with water. The galvanisation is 
done either by spraying the molten zinc or dipping in molten 
zinc or electrolytically. 

14.22 ; COMPOUNDS OF ZINC 

Zinc oxide, ZnO : Zinc oxide is also called zinc white or 
Chinese white or philosopher’s wool. It occurs in nature as the 
mineral zincite or red zinc ore. 

■ Preparation 

It is obtained by the combustion of zinc or by the calcination 
of zinc carbonate, zinc nitrate or zinc hydroxide. 

2 Zn + O2-> 2 ZnO 
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ZnCOs-> ZnO + CO2 

2Zn(N03)2-^ 2 ZnO + 4NO2 + O2 

Zn(OH)2-> ZnO + H2O 

Very pure zinc oxide is prepared by mixing a solution of zinc 
sulphate with sodium carbonate. The basic zinc carbonate 
thus, precipitated on heating gives pure zinc oxide. 

4ZnS04 + 4Na2C03 + 3 H 2 O-> ZnC03-3Zn(0H)2 

ppt. 

+ 4Na2S04 + 3 CO 2 

ZnC03-3Zn(0H)2 4ZnO + 3H2O + CO2 

■ Properties 

(i) It is a white powder. It becomes yellow on heating and 
again tnrhs whi^^^^ bn cbblmg ."(ii) If is” veryligW. It is insoluble 
in water. It sublimes at 40 G°G. (iii) It is an amphoteric oxide 
and dissolves readily in acids forming corresponding zinc salts 
and alkalies forming zincates. 

ZnO + H2SO4-> ZnS04 + H2O 

ZnO + 2 HC 1 -> ZnCl2 + H2O 

ZnO + 2 IS[aOH-^ IS[a2Zn02 H2O 

Sodium zincate 

(iv) When heated in hydrogen above 40 (f C, it is reduced to 
metal. 

ZnO + H2- > Zn + H2O 

It is also reduced by carbon into zinc. 

ZnO + C-> Zn + CO 

(v) When zinc oxide is heated with cobalt nitrate, a gicen 
mass is formed due to formation of cobalt zincate which is 
known as Rinmann’s green* 

2Co(N03)2-> 2 CoO + 2NO2 + O2 

ZnO + CoO-> CoZn02 or CoO ZnO 

m Uses 

(i) Zinc oxide is used as a white pigment (paint). No doubt 
its covering power is less than white lead but it is superior 
because it is not blackened in atmosphere of hydrogen sulphide. 
It can be used both as oil and water paint. 

(ii) It is used to prepare Rinmann’s green which is employed 
as a green pigment. 

(iii) It finds use as a catalyst along with Cr203 in the 
manufacture of methyl alcohol from water gas, 

(iv) It is used as a filler for soft rubber and as an absorbent 
in surgical dressing. 

(v) It is also used as zinc ointment in medicine and as a glaze 
in ceramics. 

(vi) It is used for cosmetic powders and creams. 
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Zinc Chloride, ZnCl2-2H20 

■ Preparation 

It is obtained by treating zinc oxide or zinc carbonate or zinc 
hydroxide with dilute hydrochloric acid. The solution on 
concentration and cooling gives hydrated zinc chloride crystals, 
ZnCl2-2H20. 

ZnO + 2 Ha-> Zna2 + H2O 

ZnC 03 + 2 HC 1 -^ ZnCl2 + CO2 + H2O 

Zn(OH)2 + 2 HC 1 -> Zna2 + 2H2O 

Anhydrous zinc chloride cannot be obtained by heating 

crystals of hydrated zinc chloride as hydrolysis occurs and 
basic chloride (zinc hydroxy chloride) is formed which on 
furthet heating-gives-zinG-oxide.- - - -- -- 

ZnCl2-2H20 —->-Zn(OH)Cl + 

Zn(OH)Cl-> ZnO + HCl 

The anhydrous zinc chloride is obtained by heating zinc in 
the atmosphere of dry chlorine or dry HCl gas. 

Za + CI 2 - > ZnCl 2 

Zn + 2 HC 1 -> ZnCl2 + H2 

This can also be formed by distilling zinc powder with 
mercuric chloride. 

Zn + HgCl2-> ZnCl2 + Kg 

■ Properties 

(a) Anhydrous zinc chloride is a white solid, deliquescent 
and soluble in water. It melts at and boils at 730 ‘’C. (b) 
Hydrated zinc chloride on heating forms zinc hydroxy chloride 
or zinc oxychloride. 

Zna2-2H20-> Zn(OH)Cl + HCl + H2O 

2 Zna 2 - 2 H 20 -Zn 20 Cl 2 + 2 HC 1 + 3H2O 

Zinc oxychloride 

(c) When H2S is passed through the solution, a white 
precipitate of zinc sulphide, is formed. 

ZnCl2 + H2S- > ZnS + 2 HC 1 

(d) When NaOH is added, a white precipitate of zinc hydroxide 
appears which dissolves in excess of sodium hydroxide forming 
sodium zincate. 

Zna 2 + 2NaOH —^ Zn(OH )2 + 2NaCl 
Zn(OH )2 + 2NaOH-> Na2Zn02 + 2 H 2 O 

(e) On adding NH4OH solution, a white precipitate of zinc 
hydroxide appears which dissolves in excess of ammonia 
forming a complex salt. 

ZnCl2 + 2NH4OH-> Zn(OH)2 + 2NH4CI 1 

Zn(OH)2 + 2NH4OH + 2NH4CI-4 [Zn(NH3)4]Cl2 + 4H2O 

Tetrammine zinc 
chloride 
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(f) When the solution of zinc chloride is treated with a 
solution of sodium carbonate, a white precipitate of basic zinc 
carbonate is formed. 

4ZnCl2+4Na2C03+3H20 ^ ZnC03-3Zn(OH)2+8NaCl+ 3CO2 

Basic zinc caiteonate 

But when a solution of sodium bicarbonate is used, a white 
precipitate of normal zinc carbonate is formed. 

ZnCl2 + 2NaHC03-> ZnC03 + 2 NaCl + H2O + CO2 

(g) Anhydrous zinc chloride absorbs ammonia gas and'forms 
an addition compound. 

ZnCl 2 + 4 NH 3 —> ZnCl24NH3 

(h) Its syrupy solution dissolves cellulose. 

(i) Its syrupy solution when mixed with zinc oxide, ZnO, 
sets to. a hafjjjnass forming.an oxychloride,^ZnCl 2 : 3 ZnO. . 

'■-'Uses. 

(i) The concentrated solution of zinc chloride is used for 
impregnating timber to prevent its destruction from the action 
of micro-organisms. 

(ii) The niixture of syrupy zinc chloride solution and zinc 
oxide is used for dental filling. 

(iii) It is used as dehydrating agent. 

(iv) Being acidic in aqueous solution, it is used for cleaning 
the surface of metals before soldering. 

(v) It is employed in making parchment paper; vulcanised 
fibre, cold water glues and adhesives. It is also used in the 
manufacture of dry cells. 

Zinc Sulphate (White vitriol), 2 ;nS 04 - 7 H 20 
■ Preparation 

It is prepared by reacting zinc with dilute sulphuric acid. It 
can also be prepared by dissolving zinc oxide or carbonate in 
dilute sulphuric acid. The solution on concentration and 
crystalUsation below 39 °C gives colourless crystals of zinc 
sulphate, ZnS04-7H20. 

Zn + H2SO4-> ZnS04 + H2 

ZnO + H2SO4-> ZnS04 + H2O 

ZnC03 ^ ZnS04 + H2O + CO2 


ZnS04 ZnO + SO3 

I . 

SO2 + IO2 

(c) When sodium hydroxide is added to the solution of zinc 
sulphate, a white precipitate of zinc hydroxide appears which 
dissolves in excess of NaOH forming sodium zincate. 

ZnS04 + 2 NaOH-> Zn(OH)2 + Na2S04 

Zn(OH)2 + 2 NaOH-> Na2Zn02 + 2H2O 

(d) When sodium carbonate solution is added to the solution 
of zinc sulphate, a white precipitate of basic zinc caihonate is 
formed. 

4ZnS04 + 4Na2C03 + 3 H 2 O -—> ZnC 03 3Zn(0H)2 

+ 4 Na 2 S 04 + 3CO2 
However, when the solution of sodium bicarbonate is added, 
normal zinc carbonate is formed. 

ZnS04 + 2NaHC03-> ZnCOs + Na2S04 + H2O + CO2 

(e) With alkali metal sulphates and (NH4)2S04, it forms 
double sulphates such as K2S04-ZnS04-6H20. 

■ Uses 

(i) A dilute solution of zinc sulphate is used as eye lotion. 

(ii) It is used for the preparation of lithopone (ZnS + BaS04), 
a popular white paint. 

(iii) It is employed as a mordant in dyeing and calicoprinting. 

(iv) The solution of zinc sulphate is used for zinc plating and 
in the electrolytic refining of zinc. 

(v) Zinc sulphate is used as a starting material for the 
preparation of other zinc compounds. 



■ Properties 


(a) It is a colourless, crystalline solid. It is an efflorescent 
substance. It is fi'eely soluble in water. 

(b) On heating, the following changes occur. 


ZnS047H20 ZnS 04 - 6 H 20 ^ ZnSQ4-H20 


Above 280®C 


i 


O2 + SO2 + ZnO <- 22 ^ ZnS04 

(Anhydrous) 


14.234 MERCURY 

Occurrence: Mercury ores are rare. It occurs in small 
quantities in the native state. Cinnabar, HgS, is the most important 
ore and is found in Spain and Italy and small quantities in 
Russia, United States of America, Mexico, China and Japan. 

Extraction: The extraction of mercury from cinnabar 
ore is comparatively simple and consists mainly the roasting 
and distillation. The extraction involves the following steps : 
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(i) Crashing and concentration: The ore is crushed 
and finely powdered in ball mills and concentrated by froth 
floatation process. 

(ii) Combined roasting and distillation : There are two 
principal processes available which differ only in the type of 
furnace used. 

(a) Idrian furnace used in Ahnaden (Spain). This is the old 
process. 

(b) Shaft furnace—This is the modem continuous process. 

(a) Idrian Furnace 

The concentrated ore is taken on the perforated arches and 
heated by the flame (Fig. 14 . 17 ). 



The mercuric sulphide undergoes oxidation with evolution 
of sulphur dioxide. The mercuric oxide thus formed decomposes 
at 300 ®C to give mercury vapours. 

2 HgS + 302 -> 2 HgO + 2SO2 

2 HgO-> 2 Hg + O2 

The vapours of mercury are condensed in a series of 
condensers on either side of the furnace. Most of the metal 
collects in the first three condensers and in the last condenser, 
the condensation is assisted by water spray or wet straw dust. 

(b) The Shaft Furnace 

The ore chamber is cylindrical, standing on a hexagonal 
base. The concentrated ore, mixed with charcoal is added to 
the furnace by a cup and cone arrangement. There are three 
fire places communicating with the chamber on the alternate 
sides of the hexagon. The furnace is heated to a red heat. Air 
is admitted along with the flames. Gases with mercury vapours, 
pass through iron pipes into watercooled condensers. There is 
an opening in the bottom of the furnace for the removal of 
spent ore. 

The ore is sometimes mixed with lime before roasting. This 
helps in the oxidation of mercuric sulphide. 


Ore and 
charcoal 


Ore chamber 



Mercury receivers 


Waste 

gases 

Water 

Water 


Fig. 14.18 


HgS + CaO-^ HgO + CaS 

2 HgO-> 2 Hg + O2 

(iii) Purification : Commercial mercury is usually conta¬ 
minated with other elements such as zinc, copper, lead, etc. It 
may be purified by the following methods. 

(a) To remove suspended particles mercury is squeezed 
through linen or chamois leather. 

(b) The more basic metals such as lead and zinc, which are 
easily oxidised, are removed as scum of their oxides when dust 
free air is passed through mercury at 150 T. 

(c) The mercury is dropped in a long tube filled with dilute 
nitric acid (about 5 %). The base metals dissolve in dilute nitric 
acid as their nitrates. 

(d) Further purification is done by vacuum distillation. 


■ Properties 

Mercury is a silvery white heavy liquid (Sp. gr. 13 . 6 ). It 
solidifies at -“ 38 . 9 ''C to a white lustrous mass and boils at 
357 ''C. Its vapour is very poisonous. It has a high surface 
tension and forms spherical drops easily. 

It is not affected by air or oxygen at ordinary temperature 
but when heated at 340 T in air, it slowly combines with 
oxygen forming a red scum of HgO on the surface. When 
exposed to ozone, it gets superficially oxidised and loses its 
meniscus and sticks to the glass. 

When rubbed with sulphur, it forms mercuric sulphide, 
HgS. It vigorously combines with chlorine, slowly with bromine 
and iodine. 

It is not attacked by water and alkalies. Hydrochloric acid, 
dilute sulphuric acid and very dilute nitric acid have no action 
on mercury. Hot concentrated sulphuric acid, dilute and 
concentrated nitric acid dissolve it. 
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With cone. H2SO4: 

H2SO4 -> H2O -H SO2 + O 

Hg + H2SO4 + O-> HgS04 + H2O 

Hg + 2H2SO4-> HgS 04 + SO2 + 2H2O 

With dOute HNO3: 

2HNO3-> H2O + 2 NO -t 3 [ 0 ] 

[ 2 Hg + 0 - >Eg 20 ] X 3 

[Hg20 + 2HNO3-> Hg2(N03)2 + H2O] X 3 

6Hg + 8HNO3-> 3Hg2{N03)2 + 2 NO + 4H2O 

With cone. HNO3: 

2HNO3-> H2O + 2NO2 + o 

Hg + 2HNO3 + O-> Hg(N03)2 + H2O 

.. . " iHg + 4 HNb 3 ^^ Hg(N 03)2 + 2NO2 + 2H2O 

Mercury is acted upon by HI on account of the formation 
of a complex ion [HgU] . 

Hg + 2 HI->Hgl2 + H2 

Hgl2+2HI^H2Hgl4 

Mercury dissolves many metals and the combinations are 
called amalgams. Gold, silver, tin, lead, magnesium, copper, 
sodium, potassium, etc., when rubbed with mercuiy form 
amalgams. Iron, cobalt and nickel do not form amalgams 
directly. 

■ Uses 

Mercury is used (i) in theimometers, barometers, and other 
physical apparatus (ii) in the extraction of Ag and Au (iii) in the 
manufacture of caustic soda by the electrolytic process (iv) in 
the form of amalgams as reducing agents, (v) in mercury 
vapour lamps which give out bluish light, (vi) in making dental 
plastic (vii) in the manufacture of vermilon (HgS). 

14«24 COMPOUNDS OF MFBCUPY 
Mercurous Chloride, Hg 2 Cl 2 (Calomel) 

■ Preparation 

(i) By adding dilute hydrochloric acid or sodium chloride 
solution to a mercurous salt solution, usually mercurous nitrate, 
a white precipitate of mercurous chloride is formed. 

Hg2(N03)2 + 2 HC 1 -> Hg2Cl2 + 2HNO3 

Hg2(N03)2 + 2 NaCl-> Hg2Cl2 + 2NaN03 

(ii) Metallic mercury is boiled with concentrated sulphuric 
acid and the product, mercuric sulphate is then ground 
thoroughly with common salt and metallic mercury. The mixture 
is sublimed to separate Hg2Cl2. 

Hg + 2H2SO4-^ HgS 04 + SO2 + 2H2O 

HgS04 + 2 NaCl + Hg-> Hg2Cl2 + Na2S04 
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(iii) It can be obtained by passing sulphur dioxide through 
the solution of mercuric chloride. 

2HgCl2 + 2H2O + SO2-> Hg2Cl2 + H2SO4 + 2 HC 1 

(iv) Mercurous chloride for medicinal purposes is prepared 
by heating a mixture of mercuric chloride and mercury in an 
iron pot. The sublimate is ground and boiled with water to 
remove traces of mercuric chloride. 

Hga2 + Hg-> Hg2Cl2 

■ Properties 

(i) It is an amorphous, tasteless, odourless white powder. 

It is sparingly soluble in water. It sublimes at 373 “C. It is non- 
poisonous. 

(ii) It dissolves in hot concentrated nitric acid forming 

mercuric cMoiide and mercuric nitrate: ^ “ 

3 Hg 2 Gl 2 + 8HNO3 3HgGl2+3Hg(N03)2+4H2O+2N0^^=^^^ 

(iii) It dissolves in chlorine water, aqua-regia or a mixture 
of KC103 and concentrated HCl. 

Hg2Cl2 + 2Cl->2HgCl2 

(iv) 0n heating, it decomposes into mercuric chloride and 
mercury. 

Hg2Cl2-^Hg + HgCl2 

(v) When caustic soda solution is added in excess to a 
mercurous chloride solution in HCl, a black precipitate of 
mercurous oxide is formed which is decomposed under the 
action of light. 

Hg2Cl2 + 2 NaOH-> Hg20 + 2 NaCl + H20 

Hg 20 ->Hg 0 +Hg 

(vi) It turns black when treated with ammonium hydroxide. 

The black substance is a mixture of mercury and mercuric 
amino chloride. 

/NH2 

Hg2Cl2 + 2NH40H-> Hg< + Hg + NH4CI + 2 H 20 

^C1 

Black 

(vii) It is reduced to mercury with stannous chloride. 

SnCl2 + Hg2Cl2-> 2 Hg + SnCU 

(viii) It absorbs ammonia gas and forms an addition 
compound. 

Hg2Cl2 + 2NH3-> Hg2Cl2-2NH3 

■ Uses 

(i) As a purgative in medicine. 

(ii) For making calomel electrodes. 

Mercuric Chloride (Corrosive sublimate), HgCl 2 

■ Preparation 

(i) The compound was formerly prepared on commercial 
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scale by heating a mixture of mercuric sulphate with common 
salt. A little manganese dioxide was added to prevent the 
formation of any mercurous chloride. Mercuric chloride 
sublimes off and condenses on the cooler parts of the vessel. 

HgS04 + 2 NaCl-> HgCla + Na2S04 

(ii) The compound is now commercially made by heating 
the metal in a current of chlorine. 


Hg + CI2-^ Hga2 

(iii) It can be prepared by dissolving mercuric oxide in 
hydrochloric acid. 

HgO + 2 HC 1 -> HgCl2 + H2O 

(iv) It can also be prepared by dissolving Hg or Hg2Cl2 in 
aqua-regia. 


3HC1 -I- HNO 3 -> NOCl + 2 H 2 O + 2C1 

' Jig - ^ 

■Hg2Cl2‘+2Cl^-2HgCl2^^'''-"''"-^ 


■ Properties 


(i) It is a white crystalline coihpound. It is less soluble in 
cold water but more soluble in hot water. It behaves Mice a 
covalent compound as it is soluble in organic solvents and very 
slightly ionised in water. 

(ii) It has corrosive action. It is highly poisonous. It sublimes 
on heating..It is, therefore, known as corrosive sublimate. 

(iii) It is reduced by staimous chloride first into mercurous 
chloride (white) and then into mercury (black), 

2HgCl2 + SnCl2-^ Hg2Cl2 + SnCU 

White 


Hg2Cl2 + SnCl2-^ 2 Hg -I- SnCl4 

Black 


(iv) When aqueous ammonia is added to the solution of 
mercuric chloride, a white precipitate of mercuric amino chloride 
is formed. 


/NH 2 

HgClj + 2NH4OH-> Hg < -I- NH4CI + 2H2O 

^C1 


(v) Mercuric chloride absorbs gaseous ammonia and forms 
a complex salt. 

HgCl2 + 2NH3-> Hg(NH3)2a2 

Mercuric diamine chloride 


(vi) When H2S is passed through its solution, it forms a 
black precipitate of mercuric sulphide. 


HgCl2 + H2S-> HgS 2 HC 1 


(vii) When heated with sodium carbonate or sodium 
hydroxide in solution, a yellow precipitate of mercuric oxide is 
formed. 


HgCl2 -I- NasCOs -—> HgO -1- 2 NaCl -1- CO2 
HgCla -I- 2 NaOH-> HgO + 2 NaCl -t- H2O 

(viii) Potassium iodide forms a scarlet precipitate of mercuric 
iodide when added to HgCl2 solution. The precipitate of mercuric 
iodide dissolves in excess of potassium iodide forming a 
complex, K2Hgl4. 

HgCl2 + 2 KI-> 2 KC 1 + Hgl2 

Hgl2+2KI^->K2Hgl4 

The alkaline solution of this complex is known as Nessler’s 
reagent. This reagent is used for testing ammonia. When 
ammonia or ammonium salts are present, the brown precipitate 
is obtained. This precipitate is said to be the iodide of Millon’s 
base, probably having the composition: 



The formation of the iodide of Millon’s base can be explained 
as follows: 


K2Hgl4 ^ 2 KI + Hgl2 

/NH 2 

Hgl2+2NH3^Hg^j +NH4I 


/NH 2 

Hg/ +Hgl2-> 

^I 


H2Nv 


r' 

I ^ I 


>Hg 


or OIH2H-H2O 

r j 

>Hg 

r 


I Hg. 

/n< 


IHg^ 


^H 

^H 


(A) 


(B) 


IH2O + NH4I 


Uses 


(i) It is highly |K)isonous and hence used as germicide. It is 
used as an antiseptic. A very dilute solution is employed for the 
sterilization of surgical instraments. (ii) For the preparation of 
Nessler’s reagent which is used for the test of ammonia and 
ammonium compounds, (iii) It is used in dry cells and as a 
wood preservative. 


Note : It is a strong poison, its antidote being the white of an egg which 
eliminate it from the system in the form of a coagulated mass. 
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Soln. 


14.18 photography 

The art of obtaining an exact impression of an object on a plate 
or paper by a chemical reaction initiated by light is called 
photography. It is based on the nature of silver halides. Except 
AgF, the silver halides are photosensitive. Silver halides, 
particularly silver bromide, undergo decomposition in light and 
turn black due to formation of free silver. 

2 AgBr > 2 Ag + Br2 

The entire process of photography involves the following 
steps: 

^ 1. Preparation of photographic plate or film 

An emulsion of silver bromide is prepared in a dark room 
by mixing silver nitrate solution with ammonium bromide 
solution containing gelatine with constant stirring. 

NH4Br + AgNOs-> AgBr + NH4NO3 

The emulsion is allowed to stand at about 45 “C for some time 
so that the particles of silver bromide may grow in size. This 
treatment is termed as the ripening of emulsion. The emulsion 
is now cooled in ice as to solidify. It is washed with water in 
order to make it free from ammonium nitrate. It is warmed to 
melt it again. 

The melted emulsion is applied uniformly on a celluloid film 
or smooth glass plate. Whole of this operation should be done 
in a dark and dust-free room. 

m 2. Exposure 

The light-sensitive film or plate is loaded in a camera which 
is focussed on the object to be photographed. When the shutter 
of the camera is opened for a few seconds, the light from the 


object through the lens falls on the film or plate. The silver 
bromide is affected by light and gets activated. This is not a 
visible change but is called formation of latent image. 

The light reduces silver bromide. The effect produced on 
the film or plate is directly proportional to the intensity of light. 

2AgBr^ 2Ag + Br2 

Bromine is absorbed by gelatine and helps in the decomposition 
of silver bromide. According to one theory (Gumey-Mott 
theory), the following sequence of events occur: 

(i) An incoming quantum of light hv kicks an electron out 
of Br“ to foim Br and e~~. 

(ii) The electron wanders through the crystal of AgBr and 
eventually gets trapped at a surface defect. 

(iii) An interstitial Ag'*', such as is commonly found in AgBr, 
diffuses to the trap site where the Ag"^ and the trapped e~ 
combine to give Ag. 

(iv) A second quantum of light energy hv comes along and 
ejects a second electron which migrates to Ag and converts it 
into Ag”*. 

(v) A second interstitial Ag”^ subsequently diffuses over and 
combines. 

Ag'^ + Ag"-^Ag2 

(vi) The process repeats until a clump of about 50 silver 
atoms is built up. The AgBr grain is now ''activated”. 

s 3. Developing 

The treatment of the exposed photographic film with reducing 
agents is called developing of the film. The chemicals used for 
developing as reducing agents are called developers. A developer 
is usually a weak reducing agent such as potassium ferrous 
oxalate or an alkaline solution of py rogallol or an alkaline solution 
of quinol, etc. 
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The exposed film or plate is kept in a solution of a developer 
for some time. The parts activated by light are reduced to 
deposit more of black silver. 

2AgBr + C 6 H 4 ( 0 H )2 -> 2Ag + 2HBr + C 6 H 4 O 2 

Quinol Quinone 

The developer does not affect those parts of the photographic 
film or plate which are not activated by light. On the developed 
film or plate the shades of the object are reversed, Le., the 
bright parts of the object appear dark and the dark parts appear 
bright. The plate or film is, therefore, called a negative. This 
operation is carried out in dark. 

a 4. Fixing 

In order to make the image permanent, it is necessary to 
remove the unreduced silver bromide fro m the surface of the 
developed film. This operation is cdiWtd fixing of image. Fixing 
is done by dipping the developd film or plate in sMiu^^ 
thiosulphate (hypo) solution. The hypo solution dissolves the 
unreduced silver bromide by forming a complex. 

AgBr + 2 Na 2 S 203 -> Na 3 [Ag(S 203 ) 2 ] + NaBr 

Sodium argentothiosulphate 
(Soluble) 

This operation is also done in dark. 

The plate is now thoroughly washed with water and dried. 
It can now be taken out of the dark room into light. 

P 5. Prmting 

To get a positive image, the whole process is repeated. The 
Printing Out Paper (POP) or bromide paper is used. The POP 
has got a coating of silver bromide emulsion. Ihe negative is 
placed over POP and then exposed to light for a fraction of a 
second. A negative of the negative plate or positive with respect 
to the actual object is obtained on the print paper. The print 
paper is then subjected to developing and fixing as usual. The 
positive print has shades exactly similar to those of the object. 

E 6. Toning 

It is a technique by which different shades can be given to 
the printed photograph with the help of chemicals. The printed 
photograph obtained is black and white. This photograph is 
dipped in a solution containing the salt solution of either gold 
or platinum or.selenium, etc. The dark silver particles are 
replaced by another metal. Thus, gold salt gives golden shade 
and platinum salt makes the shade bright grey, 

AUCI 3 + 3Ag-> Au + 3AgCl 

Golden 

PtCl4 + 4Ag-> Pt + 4AgCl 

Steel grey 

The various steps involved in photography are shown in 
Fig. 14.19. ? 



Object Photographic Exposed Developed plate 
plate plate I 


No AgBr 
Print Negative (Fixing) 

Fig. 14.19 

14.24 f-Block Elements 

28 elements from atomic number 58 to 71 (14 elements) -and_. 
from atomic number 90 to 103 (14 elements) have been 
arranged in two horizontal rows below the periodic table. These 
elements are collectively called /-block elements as the last 
or differentiating electron in the atoms of these elements is 
accommodated on one of the seven /-orbiMs of the a nte- 
penultimate (next to the penultimate) energy shell. These 
elements have also been called inner transition elements 
because the ante-penultimate energy shell, Le,, (n -2)/-orbitals, 
lie comparatively deep within the kernel (being inner to the 
penultimate shell), 

/-block consists of two series of elements known as 
Lanthanides or Lanthanons and Actinides or Actinons. 

The lanthanide series follows lanthanum (At. No. 57), a member 
of 5(i-series. Similarly, actinide series comes after actinium 
(At. No. 89), a member of 6<i-series. The 14 members of 
lantlianide series have been placed along with lanthanum in the 
third group and sixth period and similarly 14 members of the 
actinide series have been placed with actinium in the third 
group and seventh period. The justification for assigning one 
place to these elements has been given on the basis of their 
similar properties. The properties are so similar that the fifteen 
elements from La to Lu can be considered as equivalent to one 
element. The same explanation can be given in the case of 
actinides. In case, these elements are assigned different positions 
in order of their increasing atomic numbers, the symmetry of 
the whole arrangement would be disrupted. Due to this reason, 
the two series of elements, Le,, lanthanides and actinides are 
placed at the bottom of the periodic table and constitute one 
block of elements, Le,, /-block. The general electronic 
configuration of the /-block elements is: 

(a) 4 fsx ries (Lanthanides): There are fourteen elements 
from cerium (At. No. 58) to lutetium (At. No. 71) in this 
series. 4/-orbitals are gradually filled up. In the past, these 
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elements were called rare earths. This name is not appropriate 
because many of the elements are not particularly rare, 
ftomethium is artificial radioactive element. 

(b) 5/>series (Acttnides) : There are fourteen elements 
from thorium (At. No. 90 ) to lawrencium (At. No. 103 ) in this 
series. 5 /-orbitals are gradually filled up. The members of 
actinium are radioactive and majority of them are not found in 
nature. The elements from atomic number of 93 onwards are 
called transuranic elements and have been discovered by 
synthetic methods, Le., these are man made elements. 

14^ GENERAL CHARACTERISTICS OF 
LANTHANIDES 


The general characteristics are similar to transition metals, i.e., 
<i-block elements. 


^ i. Electronic configuration-- 

The energies of Sd- and 4 /-orbitals are nearly similar and 
thus their fillings show certain irregularities. The electronic 
configurations of the atoms of the lanthanides in their ground 
state are given in the following table. These are the most 
commonly accepted configurations. 


Name of the 
element 

Symbol 

Atomic 

number 

Electronic 

configuration 

Oxidation 

states 

Lanthanum 

La 

57 

[Xe]5rf^6s^ 

+3 

Cerium 

Ce 

58 

1 [Xe]4/'5d^6s- 

+3, +4 

Praseodymium 

Pr 

59 

[Xe]4/6/ 

+3, (+4) 

Neodymium 

Nd 

60 

[Xe]4/6^^ 

(+2). +3 

Promethium 

Pm 

61 

[Xe]4/W 

(+2), +3 

Samarium 

Sm 

62 

[Xe]4/6/ 

(+2). +3 

Europium 

Eu 

63 

[Xe]4fW 

+2, +3 

Gadolinium 

Gd 

64 

[Xe]4/5rf'6/ 

+3 

Terbium 

Tb 

65 

lXt]4f6s^ 

+3, +4 

Dysprosium 

Dy 

66 

[Xe]4/“6s^ 

+3, (44) 

Hohnium 

Ho 

67 

[Xe]4/"6/ 

4*3 

Erbium 

Er_ 

68 

[Xe]4/W 

+3 

Thulium 

Tm 

69 

[Xe]4/W 

(+2), 4-3 

Ytterbium 

Yb 

70 

[Xe]4/'W 

4*2, 4*3 

Lutetium 

Lu 

71 

[Xe]4/”5d'6j^ 

4*3 


1 2 

The electronic configuration of lanthanum is [Xe] 5 ^ 65 . It 
is expected that 14 elements from cerium to lutetium would be 
formed by adding, 1 , 2 , 3,...14 electrons into the 4 / level. 
However, it is energetically favourable to move the single electron 
on 5 d into the 4 /level in most of the elements but not in the 
cases of Ce, Gd and Lu, In Gd and Lu besides the 
4 /-orbitals are half filled or frilly filled. This gives extra stability 
to the core. The extra stability of half filled and fully filled 
/-orbitals is also seen in Eu( 4 /^ 6 s^) and Yh( 4 f^%s\ 


^ 2. Oxidation states 

The common stable oxidation state of all the lanthanides is 
+ 3 , The oxidation states of +2 and +4 are also exhibited by 
some of the elements. These oxidation states are only stable in 
those cases where stable 4 /^, 4 /^ or 4 /^"^ configurations are 
achieved. 

For example, Ce^iAf), Tb'^( 4 /), Eu^'"( 4 /), Yb^+( 4 /"‘) 
are stable. The oxidation states shown in parantheses in the 
above table are less stable, +2 or +4 oxidation states tend to 
revert to the more stable oxidation state of +3 by loss or gain 
of an electron Sm^'*’, Eu^"^ and Yb^"^ ions are thus good reducing 
agents in solutions while Ce^, Tb"^ ions, etc., are good 
oxidising agents. The compounds of lanthanides are mainly 
ionic in nature. 

* 3. Atomic ~ ^ 

In lanthanide series, there is a regular decrease in the atomic 
as well as ionic radii of trivalent ions (M^^) as the atomic 
number increases from cerium to lutetium. This decrease in 
size of atoms and ions is known as Lanttianide contraction,- 
Although the atomic radii do show some irregularities but ionic 
radii decrease steadily from La to Lu. However, the decrease 
is very snmll. For example. 


Element 

Atomic radii (pm) 

Ionic rudii (pm) 
(M^) 

La 

169 

103 

Cfe 

165 

102 

Pr 

164 

99 

Nd 

164 

98.3 

Pm 

— 

97 

&n 


95.8 

Eu 

185 

94,7 

Gd 

161 

93.8 

Tb 

159 

92,3 

Dy 

159 

91.2 

Ho 

158 

90 

Er 

157 

89 

Tm 

156 

88 

Yb 

170 

86.8 

Lu 

156 

• 86 


On moving from Ce to Lu, the decrease in atomic radii occurs 
from 165 to 156 pm, Le,, the decrease is only 9 pm. Similarly, 
the decrease in ionic radii occurs from 102 (Ce^^) to 86 (Lu^"**) 
pm, ie., the decrease is only 16 pm. Thus, for an increase of 
14 in the atomic number, the decrease in atomic radii or ionic 
radii are very small in comparison to the elements of other 
groups and periods. 
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Cause of lanthanide contraction : As we proceed from 
one element to the next element in the lanthanide series, the 
nuclear charge, le,, atomic number increases by one unit and 
the addition of one electron occurs at the same time in 4 /» 
energy shell. On account of the very diffused shapes of /- 
orbitals, the 4 / electrons shield each other quite poorly from 
the nuclear charge. Thus, the effect of nuclear charge increase 
is somewhat more than the changed shielding effect. This 
brings the valence shell nearer to the nucleus and hence the 
size of atom or ion goes on decreasing as we move in the 
series. The sum of the successive reductions is equal to the 
total lanthanide contraction. 

Consequences of lanthanide contraction : The main 
consequences of lanthanide contraction are the following: 

(i) Similar chemical properti^ : Since the change in 
the ionic radii in the lanthanide series is very small, their chemical 
properties are similar. Tlius, it is vhry chfficult to sep^te 
elements in the pum state; However, Imthanide-confrac^^ 
brings some differences in properties like solubility, complex 
ion formation, hydration, etc. These differences help in the 
separation of lanthanide elements by fractional crystallisation 
or ion exchange methods. 

(ii) Basic strength of hydroidd^ : As the size of the 
lanthanide ions decreases from to Lu^^, the covalent 
character of M —OH bond increases and hence the basic strength 
decreases. Thus, Ce(OH)3 is most basic while Lu(OH)3 is 
least basic. 

(iii) Similarity of second and third transition series : In 

vertical columns of transition elements, there is an increase in 
size from first member to second member as expected " but 
from second member to third member, there is very small 
change in size and sometimes sizes are same. This is due to 
lanthanide contraction. 

Group number 3 4 5 6 

1st transition series Sc 

(144 pm) 

2nd transition series Y Zr Nb Mo 

(162 pm) (145 pm) (134 pm) (130 pm) 
3rd tmnsition series LacLamhanides) Hf Ta W 

(168 pm) (144 pm) (134 pm) (130 pm) 

In each vertical column of transition elements, the elements of 
second and third transition series resemble each other more 
closely than the elements of first and second transition series 
on account of lanthanide contraction. The pairs of elements 
such as Zr-Hf, Mo~W, Nb-Ta, etc., possess almost the same 
properties. 

s 4. Physical properties 

All the lanthanides are metals. They are soft, malleable and 
ductile in nature. They are not good conductors of heat and 
electricity. They are highly dense metals and their densities are 
in the range of 6.77 to 9.74 g cm“^. The densities and atomic 


volumes, in general, increase with increase in atomic number. 
But a regular trend is not observed. They have fairly high 
melting points. However, no definite trend is observed. 

1 5. Ionisation energies 

Lanthanides have fairly low ionisation energies. lEi and IE2 
values are quite comparable with the values of alkaline earth 
metals, particularly calcium. The sum of the first three ionisation 


energies in kJ mol * for each element are 
values are low. 


below. The 

Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Gd 


3512 

3623 

3705 

—'' 

3898 

4033 

3744 

(kJ morb 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 


3792 

3898 

3937 

3908 

4038 

4197 

3898 

(kJ mor') 


Due to low values of ionisation energies, 1 ^^^ 
electropositive in nature.. These elements react with cold and 
hot water to liberate hydrogen. The reactions are, however, 
slow with cold water but fast with hot water. 

The values of standard reduction potential (E^ values) 
increase from La to Lu. E^ values become less negative in the 
series. The values in volts are given. 

La Ce Pr Nd Pm Eu Gd 

-2.52 -2.48 -2.46 -2.43 -2.42 -2.41 -2.40 -2.39(\blt) 

Tb Dy Ho B: Tm Yb Lu 

-2.39 -2.35 -2.32 -2.30 -2.28 -2.27 -2.25 (Volt) 

All the lanthanides am, thus, strong reducing agents* The 
reducing power decreases from La to Lu. 

@ 6. Coloured ions 


Many of the lanthanide ions are coloured in solid state as 
well as in solutions. The colour is due to partially filled /- 
orbitals which allow /-/ transitions. ions having 4 /°, 4 /^ 
or 4 /'“^ configurations are colourless. 

La^"( 4 /°) ' 

Gd^'^( 4 /^) ^Colourless 

Lu3+(4/14) 

Pairs of ions having the same number of unpaired 
electrons in 4 /-orbitals have the same colour. 


Pr 3 +( 4 / 2 ) I 

Tm^^(4/'^)j 


Green 


Er^^(4/*‘)j 


Sm^^ (4/^)1 
Dy^(4/')J 


Yellow 


Eu'"( 4 /')| 

Tb^^(4/')J 


Pale pink 


[Note :The cations namely Ce^(4/^) and Yb^’*' (4/^^) are colourless 
inspite of the fact that these ions have one /-orbital singly 
occupied. These exceptions are difficult to explain.] 
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e 7. Magnetic properties 

Ions having unpaired electrons are paramagnetic while those 
having all the orbitals paired are diamagnetic. The lanthanide 
ions except La^'^(4/^) and Lu^'^(4/^^) are paramagnetic 
since they contain 1, 2,...7 unpaired electrons. 

8. Chemical reactivity 

All the lanthanides have almost similar chemical reactivity. 
The metals tarnish readily in air and on heating in O 2 form 
oxides of the type M 2 O 3 . The one exception is cerium which 
forms Ce 02 rather than € 0203 . The oxides are ionic and basic. 

The metals react with hydrogen but often require heating up 
to 300-400T. The products are solids of formula MH 3 . The 
hydrides are decomposed by water and react with O 2 . The 
anhydrous halides, MX 3 , can te made by heating the meM M^ 
halogen or by heating the metal oxide with the appropriate 
ammonium halide. 

M2O3 + 6NH4C1 2MCI3 + 6NH3 + 3H20 

The fluorides are very insoluble. The chlorides are deliquescent 
and soluble. At elevated temperatures, lanthanides react with 
N, C, S, P, As, Sb and Bi. A wide variety of oxo salts are 
known. The carbonates, phosphates, chromates, oxalates, etc., 
are largely insoluble in water while nitrates, acetates, sulphates, 
etc., are soluble. 

Because of their similar chemical reactivities, their separation 
from one another is very difficult. 

9. Complex formation 

The lanthanides do not have much tendency to form 
complexes due to low charge density because of their large 
size. However, the tendency to form complexes and their stability 
increases with the increase of atomic number. 

a Uses of Lanthanides 

The metals are seldom used in pure state. As lanthanides do 
not differ much in their physical and chemical properties, these 
are mostly used in the form of alloys. Some common uses of 
lanthanides and their compounds are given below: 

(i) Misch metal (an alloy) : Misch metal is an alloy 
consisting lanthanide metals (94-93%), iron (5%) and 
traces of sulphur, carbon, silicon, calcium and alumi¬ 
nium. The main lanthanide metals present are cerium 
(about 40%), lanthanum and neodymium (about 44%). 
These alloys are us^ for making ignition devices such 
as tracer bullets, shells and flints for lighters. 

An alloy of magnesium and about 3% misch metal is 
used in making jet engine parts. Cerium-magnesium 
alloys are used in flash light powders. 

(ii) Cerium salts are used in dyeing cotton, in lead 
accumulators and as catalyst. 
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(iii) Lanthanum oxide is used for polishing glass. Neo¬ 
dymium and praseodymium oxides are used for making 
coloured glasses for goggles. Ce 02 is used in gas 
mantles. 

(iv) Ceric sulphate is a well known oxidising agent in 
volumetric analysis. 

(v) Many lanthanide oxides are used as phosphorus in colour 
TV tubes. 

(vi) Various compounds of lanthanides are used as catalysts 
for hydrogenation, dehydrogenation, oxidation and 
petroleum cracking. 

(vii) The compounds of lanthanides are used in making 
magnetic and electronic devices for their paramagnetic 
and ferromagnetic properties. 

(viii) Neodymium oxide dissolved in selenium oxy-chloride 

is Med these days as a powerfiil liqu^ laser. 

. .. . » . . . 

14® GENERAL CHARACTERISTICS 
OF ACTINIDES 

Excepting Ac, Th, Pa and U which occur in nature in uranium 
minerals, all the remaining actinides are unstable and synthetic 
elements. These have been made by artificial nuclear trans¬ 
mutations. All the actinides are radioactive. Actinides are 
analogous to lanthanides and involve the filling of 5 /-orbitals. 
The following general characteristics are shown by actinides: 

iB 1. Electronic configuration 

In lanthanides, after lanthanum 4/-orbitals become appre¬ 
ciably lower in energy than the 5rf-orbitals. Thus, in lanthanides 
the el^trons fill the 4/-orbital$ in a regular way with minor 
differences where it is possible to attain a half filled shell. 
Similarly, it might have been expected that after actinium the 
5/-orbitals would become lower in energy than the 6 ^-orbitals. 
However, for the first four actinide elements, Th, Pa, U and Np 
the difference in energy tetween 5/ and 6 rf-orbitals is smalL 
Thus, in these elements (and their ions) electrons may occupy 
the 5/or the M levels or sometimes both. Later in the actinide 
series the 5/-orbitals do become appreciably lower in energy. 
Thus, from Pu onwards the 5/-shell fills in a regular way and 
the elements become very similar. The most widely accepted 
electronic configurations of actinides are tabulated below. The 
general electronic configurations of actinides may be written 
as: 


Name of the 
element 

Symbol 

Atomic 

number 

Electronic 

configuration 

Oxidation 
states , 

Actinium 

Ac 

89 

[Rn]6rf^7? 

+3 

Thorium 

Th 

90 

[Rn]6d^7i^ 

+3, 44 

Protactinium 

Pa 

91 

[Rn]5/,6rf‘,7^^ 

4-3, 4-4, 4*5 

Uranium 

U 

92 

[Rll]5/^6^i^7s^ 

43 , 44, 45, 46 

Neptunium 

. Np 

93 

[Rn]5/‘,6d\7j^ 

43, 44, 45, 46 , 4? 





Plutonium 

Pu 

94 

[Rn]5/®,7i^ 

+3, *+4, +5, +6, +7 

Americium 

Am 

95 

[Rn]5/,7i^' 

+2, +3, +4, +5, +6 

Curium 

Cm 

96 

[Rn]5/,64\7i^ 

+ 3 ', +4 

Berkelium 

Bk 

97 

[Rn]5/W 

+3, +4 

Californium 

Cf 

98 

[Rn]5/°,7i^ 

+2, +3 

Einsteinium 

Es 

99 

[Rn]5/“,7i^ 

+2, +3 

Fermium 

Fm 

100 

[Rn]5/^7i^ ' 

+2, +3 

Mendelevium 

Md 

101 

[Rn]5/^7^^ 

+2, +3 

NobeUum 

No 

102 

[Rn]5/''^,75^ 

+2, +3 

Lawrencium 

Lr 

103 

[Rn]5/''^,64\75^ 

+3 


a 2. Oxidation states 

The known oxidation states of the actinide elements are 
shown in the above table. The actinides exhibit most common 
oxidation state of +3 like the lanthanides. However, this state 
is not always most stable as for the first four elements (Th, Pa, 
U and Np). For example, is readily oxidised in air and in 
solution. +3 state is the most stable state for the later elements 
Am Lr (except No). The most stable oxidation states for the 
first four elements are Th (+4), Pa (+5) and U (+ 6 ). These 
high oxidation states involve using all the outer electrons 
including / electrons for bonding. Though Np shows +7 
oxidation state but it is oxidising and the most stable state for 
Np is +5. Pu shows all the oxidation states from +3 to +7 but 
the most stable is +4. Am shows oxidation states from +2 to 
+ 6 . Am^"^ has an f configuration. It is the analogue of Eu^"^ 
but it only exists in solid as fluoride. However, for Am and 
almost all the remaining elements +3 state is most stable. 

+4 oxidation state exists for all the elements from Th to Bk. 
Cf^"^, Es^"^, Fm^"^, Md^"^ and No^"^ exist as ions in solution. 
Their properties are like alkaline earth metals particularly Ba . 
It is the most stable state for No and corresponds to an 
configuration. 

+5 oxidation state occurs for the elements Pa —> Am. A few 
solid compounds are known in +5 oxidation state but ions 
do not occur in solution. However, MO 2 ions exist between 
pH 2-4. These ions disproportionate rapidly in solution. 

2UO2 + 4 H+-> 11 "*+ + UOI+ + 2H2O 

(+ 5 ) (+ 4 ) (+6) 

+6 oxidation state occurs as fluorides, for the elements 
U, Np, Pu and Am. The +6 state is more widely found as the 
dioxoion, The ion is stable and exists both in solution 

and in crystals. 

The 5/-orbitals extend into space beyond the 6s and 
6 / 7 -orbitals and participate in bonding. This is in direct contrast 
to the lanthanides where the 4/-orbitals are buried deep inside 
in the atom, totally shielded by outer orbitals and thus unable 
to take part in bonding. The participation of the 5/-orbitals 
explains the higher oxidation states shown by earlier actinide 
elements. 
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The lower oxidation states tend to be ionic and the higher 
ones are covalent. and ions are known. 

Hydrolysis of these ions occurs quite readily but can be 
suppressed by using acid solutions. Hydrolysis of compounds 
in the higher oxidation states gives + 5 -MO 2 ions and + 6 -M 02 ^ 
ions. 

^ 3. Physical properties 

The elements are all silvery metals. The melting points are 
moderately high but are considerably lower than those of 
transition elements. The size of the ions decreases gradually 
along the series because the extra charge on the nucleus is 
poorly screened by the/electrons. This results in an ‘actinide 
contraction’ similar to the lanthanide contraction. Actinides 
have high densities. Some properties of the actinides up to 
berkelium are tabulated below. Not much information is av ailable 
about heavy actinides. _ 


Element 

Melting point 

(“Q 

Densily 
(g cm"^) 

Radius 

(pm) 

Radius 

(pm) 

Thorium 

1750 

11.8 

108 

94 

Protactinium 1552 

15.4 

104 

90 

Uranium 

1130 

19.1 

102.5 

89 

Neptunium 

640 

20.5 

101 

87 

Plutonium 

640 

19.9 

100 

86 

Americium 

1170 

13.7 

97.5 

85 

Curium 

1340 

13.5 

97 

85 

Berkelium 

986 

14.8 

96 

83. 


iS 4. Colour of the ions 

Actinide ions are generally coloured. The colour of the ions 
depends on the number of electrons present in 5/-orbitals. The 
ions having no electron in 5/-orbitals (i.e,, 5/^) or seven 

n 

electrons in 5/-orbitals (Le,,5f ) are colourless. The ions having 
2 to 6 electrons in 5/-orbitals are coloured both in the crystalline 
and in aqueous solution. The colour is due to /-/ transition. 





PuO-" 

Am^"^ 

Cm^ 



(5/0) 

(5/0) 

(5/) 

(5/) 

(5/^) 

(5/) 

(5/) 

(5/0) 

Colour¬ 

less 

Red 

Purple 

Violet 

Pink 

Colour¬ 

less 

Green 

Yellow 

green 


^ 5. Magnetic behaviour 

Majority of the ions of the actinides possess unpaired 
electrons, thus they are paramagnetic in nature. Th^'^(5/^), 
Pa^(5/b, U^^(5/), Np^^(5/), Pu^^(5/), Am^+(5/), etc., 
are paramagnetic. Cations of actinides which contain only 
paired electrons are diamagnetic. Ac^'^(5/^), Th'^'^(5/^), 
u 6 +( 2 y 0 ), ^ diamagnetic in nature. 
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6. Formation of complexes 

Actinides have somewhat higher tendency to form complex 
compounds in comparison to lanthanides. This is due to their 
higher charge and smaller size of their ions. Most of the halides 
of actinides form complex compounds with alkali metal halides. 
Actinides form chelates with organic compounds such as EDTA 
and oxine. The degree of complex formation for the ions 
and MO 2 decreases in the order 

> MOf > > MO2 

s 7. Chemical Reactivity 

On account of low ionisation energies, the actinides are 
higUy electropoaitive metals. They reaet-with hot water and 
tarnish in air foi^ng an oxide coating. 
with HCl but reactions with other acids are slower than expected. 
Concentrated HNO 3 makes Th, U and Pu passive. The metals 
react with oxygen, the halogens and hydrogen. Actinides act 
as strong reducing agents. 

8. Radioactivity 

All the actinide elements are radioactive in nature. 

■ Uses of Actinides 

Thorium, uranium and plutonium are three actinides which 
find uses as such or in the form of compounds. 

(1) Uses of thorium : (a) When thorium dioxide containing 
1 % Ce 02 is heated in a gas flame, it emits a brilliant white light. 
Because of this, it is used for making incandescent gas mantles. 
The mantle made from silk fibre is treated with a mixed solution 
of 99% thorium nitrate and 1% cerium nitrate. When this 
mantle is fixed in the lamp and ignited, the silk fibre hums 
away leaving behind a network of thoria (Th 02 ) and ceria 
{Ce 02 ). 

(b) Naturally occurring thorium is almost entirely Th-232. 
This isotope is not fissionable but is converted into U-233 
which is fissionable. 

23 W ^ 1 _ , 233^ -P.233p^ “P . 233.. 

90 In + 5^ -> 90 In- 791 Fa- ^92 U 

Thus, thorium is used for the production of fissionable material 
needed for atomic reactors. 

(c) Thorium salts are used in medicines for the treatment of 
cancer. 

(ii) Uses of uranium : (a) The salts of uranium find use 
in gl^s industry (for imparting green colour), textile industry, 
ceramic industry and in medicines. 

(b) The U-235 isotope is used as nuclear fuel in atomic 
reactors and atom bombs. 

(iii) Uses of plutonium : Pu~239 is used as a nuclear 
fuel. It is obtained from U-238, 


14;^ COMPARISON OF LANTHANIDES 
AND ACTINIDES 

Both lanthanides and actinides are/-block elements, Le., they 
involve filling of lhe/“Subshell in the ante-penultimate shells of 
their atoms. Their general electronic configuration can be written 
as: 

(n - 

whem n = 6 for lanthanides and n = 7 for actinides. Due to 
similar electronic configuration, they show similarities in 
properties but differ also in some of their characteristics. 

1 Similarities 

(i) In the atb^^^ die series, three 

outeimom-shells 

shells are completely filled. Two electrons are present in the 
outermost energy shell, 18 or 19 electrons are present in the 
penultimate energy shell [(n - and next to the 

penultimate shell contains 18 to 32 elecfi'ons [{n - 2)s^p^d^^ 
However, in two elements lutetium and lawrencium the 
/-subshell is completely filled. These are the end members of 
the two series. 

(ii) The elements of both the series show mainly +3 
oxidation state. 

(iii) The elements of both the series are electropositive in 
nature. They are reactive metals and act as strong reducing 
agents. 

(iv) In both the series, there is contraction in atomic and 
ionic ions) size as the atomic number increases, like 
lanthanide contraction, there is actinide contraction. These 
contractions are due to the {XK)r shielding effect between the 
electrons residing in (n - 2 )f-orbitals. 

(v) Cations with unpaired electrons in both the series are 
paramagnetic. 

(vi) Most of the cations of lanthanides and actinides are 
coloured. The cations having same number of unpaired elec¬ 
trons have almost same absorption spectra. Sharp line like 
bands are observed in both the series. These are due to the 
jump of an electron from one energy level to another within 
(n - 2 )/-orbitals. 

(vii) The nitrates, perchlorates and sulphates of trivalent 
^tinides as well as lanthanides are soluble while the hydroxides, 
carbonates, fluorides of the elements of both the series are 
insoluble. 

(viii) Ion exchange behaviour is exhibited by both actinides 
and lanthanides. 

Dissimilarities 

Differences in some of the characteristics of lanthanides 
and actinides are given in the table which is on next page. 
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s. 

No. 

Lanthanides 

Actinides 

(iv) 

Oxides and hydroxides of 
lanthanides are less basic. 

Oxides and hydroxides of 
actinides are more basic. 

(i) 

Except promethium, all the 
remaining lanthanides are non- 
i^oactive. 

All the actinides ate radioactive. 

(V) 

Lanthanides have less tendency 
to form complex compounds on 
account of low charge density. 

Actinides haye more tendency 
to form complex compounds on 
account of high charge density. 

(ii) 

Besides +3 oxidation state, Ian- ' 
thanides in some cases show 
+2 and 44 oxidation states. 

Besides +3 oxidation state, acti¬ 
nides show a variety of oxidation 
states like +2, 44, +5, 46 and 4? 
also. 

(Vi) 

The magnetic nature (parama¬ 
gnetic) can easily be explained. 

The magnetic nature (paramag¬ 
netic) cannot be explained easily. 
The observed valiies usually do 
not tally with expected values. 

(iii) 

’ anthanides do not form oxo- 

Actinides fonn oxo-ions such as 
U 02 ^ PuOi"', UQ*, UO 2 , etc. 

(vii) 

Most of the tripositive ions are 
colourless. 

Most of the tripositive and 
tetrapositive ions are coloured. 



Ih^e ions are stable in acid and 
aqueous solutions. 






Example 1 * Give the number of unpaired electrons in the 
following: 

(0 Cr^'^ (Z = 24 ) (if) (Z = 26 ) 

(Hi) Mr?* (Z = 25 ) (iV) T?* (Z = 22 ) 

(v) La^* (Z = 57) (vi) Zr?* (Z = 30) 

Solution : 

Electronic configuration of Cr^* = 

Unpaired electrons = 4 
Electronic configuration of Fe^'*' = 3 d^ 

Unpaired electrons = 4 

2 + 5 

Electronic configuration of Mn - 3 d 
Unpaired electrons = 5 
Electronic configuration of Ti'*^ = ls^, 2 s^ 2 p^, 3 s^ 3 p^ 3 d^As^ 
Unpaired electrons =0 

Electronic configuration of La^'*' = 2 , 8, 18 , 18 , 8 + 5 d®, 6/ 
Unpaired electrons =0 
Electronic configuration of Zn^^ = 2 , 8, 

Unpaired electrons =0 

Example 2. Why does Mn (II) show maximum para¬ 
magnetic character amongst the bivalent ions of the first 
transition series? Calculate the theoretical value of magnetic 
moment. 

Solution: 

The value of paramagnetic nature depends on the number 
of unpaired orbitals. Mn ( 13 ) possesses maximum number of 
unpaired orbitals amongst divalent ions of the first transition 
series and thus, possess maximum value of paramagnetic 
character. 

Theoretical value of magnetic moment = fn(n + 2 ) 

= V 5 x 7 as « = 5 
= V 35 = 5.91 B.M. 


8 + 3d^^ 3d 


t-i 

n 

n 

n 

ti 


3d 




1 1 

T 1 

n 

3d 

ti 

t 

t 

t 

t 

3d 


[T 

t 

[T 



Example 3. Answer the following: 

(i) Which one ofFe^'^ and ions is more paramagnetic 
and why? 

(ii) Which of the following ions are expected to be coloured 
and why? 

Cu*. Fe^, Mn^*, C?*, Sc^*, Ti^ 

(Hi) Name the two elements of first transition series which . 
have abnormal electronic configuration and why? 

(iv) Name the lightest and heaviest elements in terms of 
density among the transition elements. 

(v) How many elements are present in each transition series ? 
Why this number cannot be less or more? 

Solution: 

(i) is more paramagnetic than as Fe^*^ consists 
five unpaired electrons while Fe possesses four unpaired 
electrons. 

(ii) Any ion of transition elements which possesses unpaired 
d electrons, Le.^ d-d transition is possible shows a charac¬ 
teristic colour. (n-\)d^ or (h-l)d^^ configuration does not 
involve d-d transition and hence, is colourless. 

Fe^'*', Mn^'*’ and Cr^'^ are coloured, while Cu’’’, and 

Ti4+ 

are colourless. 


Im 

Configuration 

Ion 

Configuratioii, 

Cu^ 

(colourless); 


3d^ (coloured) 

Fe^'^ 

3d^ (coloured); 

Se^ 

3d^ (colourless) 


3d^ (coloured); 

Ti'^ 

3d^ (colourless) 


(iii) Chromium and copper. 

Chromium attains configuration in which all the d- 

orbitals are unpaired in order to get extra stability. 

Copper attains Sd^^As^ configuration in which all the d~ 
orbitals are paired in order to get extra stability. 

(iv) Lightest element—Scandium; 

Heaviest element—Osmium 
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(v) Each transition series consists ten elements. This 
number cannot be 9 or 11 as the maximum capacity of {i-orbital$ 
is of 10 electrons which are gradually filled up. 


1st Tr. series 


Ten elements 

2nd Tr. seri^ 


Ten elements 

3rd Tr. series t 


Ten elements 


Example 4. What happens when? 

(0 Ferric chloride is added to potassium ferrocyanide. 

(ii) Iron reacts with cold dilute nitric acid. [O.T. 1990 ] 
(Hi) Potassium ferricyanide is added to ferrous sulphate. 

(iv) Excess of potassium iodide is added to mercuric chloride. 

(v) Green vitriol is strongly heated. IRoorkee 1990 ] 

(vi) Silver chloride is treated with aqueous sodium cyanide 

and the product thus fanned is^ a^^ react with zinc in 

alkaline medium. [M.L.N*R. 199 fl 

(vii) Zmc oxide is treated with excess of sodium hydroxide 
solution. 

(viii) Ammonium thiocyanate is added to ferric chloride 
solution. 

Solution: 

(i) Prussian blue is formed. 

4 FeCl 3 + 3 K 4 Fe{CN )6 -> Fe4[Fe(CN)6]3 + 12 KC 1 

Prassian blue 
(Ferri ferrocyanicJe) 

(ii) Ammonium nitrate is formed. 

[Fe + 2HNO3-> Fe(N03)2 + 2 H 3 x 4 

HNO3 + 8 H -> NH3 + 3H2O 

NH3 + HNO3-> NH4NO3 

4 Fe + IOHNO3-> 4Fe(N03)2+NH4N03+3H20 

(iii) Ferrous ion is first oxidised to ferric ion while 
ferricyanide ion is reduced to ferrocyanide ion. Then, ferric 
ions react with ferrocyanide ions to form potassium ferric 
ferrocyanide (TumbuH’s blue). 

Fe^'*' +' [Fe(CN)6]^“ ‘-> Fe^'*' + [Fe(CN)6]'^ 

K+ + Fe^^ +[Fe(CN)6]'^-> K'^e^'^[Fe(CN)6]'^ 

Potassium ferricferrocyanide 
(Tumbuli's blue) 

(iv) First scarlet precipitate is formed which then dissolves 
in excess of potassium iodide forming a complex, 

HgCl2 + 2 KI-> Hgl2 + 2 KC 1 

Hgl2 + 2 KI-> K2Hgl4 

Potassium tetraiodo mercurate 
(colourless) 

(v) When heated strongly, a mixture of gases consisting 
SO2 and SO3 is evolved and a red residue, Fe203 is formed. 

[FeS04*7H20 -^ FeS 04 + 7 H 2 O] x 2 

2FeS04- > Fe203 + SO2 + SO3 

SO3+ H2O->H2S04 

2 FeS 04 - 7 H 20 -> Fe203 + SO2 + H2SO4 + I3H2O 

Green vitriol Red 
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(vi) AgCl dissolves in KCN forming a complex, potassium 
argentocyanide. The addition of zinc precipitates silver. 

AgCl+2KCN-> KAg(CN)2 + KCl 

2KAg(CN)2 + Zn-> K 2 Zn(CN )4 + 2Ag 

Potassium 

zincocyanide 

(vii) ZnO dissolves in NaOH forming sodium zincate. 

ZnO + 2 NaOH-> Na2Zn02 + H2O 

(viii)Deep red colouration due to the formation of a complex 
is developed. 

FeCl3 + NH4CNS-> Fe(CNS)Cl2 + NH4CI 

or FeCl3 + 3NH4CNS-> Fe(CNS)3 + 3NH4CI 

Example 5. Explain the following: 

.. (i) . Acidified K 2 Cr 20 r solution tur^ greerc when sodiunc- 
sulphite is added to it ^ 

(ii) Partial roasting of sulphide ore is done in the metallurgy 
of copper. 

(iii) Zinc becomes dull in moist air. 

(iv) In the metallurgy of iron, limestone is added to the ore. 

(v) A little acid is always added in the preparation of 
aqueous ferrous sulphate solution. 

(vi) The addition of NaOH solution to a solution of zinc 
chloride produces a white precipitate which dissolves on further 
addition of NaOH. 

(vii) The addition of NH^OH to ZnSO^ solution produces 
white precipitate but no precipitate is formed if it contains 
NH 4 CL 

(viii) Mercuric chloride and stannous chloride cannot exist 
as such if present together in an aqueous solution. 

(ix) Zinc and not copper is used for the recovery of silver 
from complex [Ag(CN) 2 Y. 

(x) Why is chalcocite roasted and not calcined in the 
extraction of copper? 

(xi) Copper implements were known to mankind much earlier 
than iron implements. 

(xii) Copper sulphate dissolves in NH 4 OH solution but 
FeS 04 does not. 

(xiii) A ferrous salt turns brown in air. 

(xiv) A ferrous salt decolourises acidified KMn 04 solution. 

(xv) Cadmium is used to extinguish nuclear fire. 

(xvi) Copper hydroxide is soluble in ammonium hydroxide 
but not in sodium hydroxide. 

Solutton; 

(i) Na2S03 is a reducing agent It reduces acidified K2Cr207 
to chromic sulphate which is green in colour. 

K2Cr207 + 4H2SO4-> K2S04+Cr2(S04)3 + 4H20 + 3[0] 

+ [O]-> Na2S04] X 3 

K2Cr207 + 3 Na 2 S 03 + 4H2SO4-> K2SO4 + Cr2(S04)3 

Green 

+ 3Na2S04 + 4 H 2 O 
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(ii) The concentrated ore is roasted in reverberatory furnace 
in a current of air. The volatile impurities such as free sulphur, 
arsenic and antimony are removed as volatile oxides and the 
ore is partially oxidised. 

4 As + 3O2-> 2AS2O3 

4 Sb + 3O2 —^ 2 Sb 203 

S + O2-^ SO2 

2 CuFeS 2 + O2 —^ CU2S + 2 FeS + SO2 

2 CuFeS 2 + 4O2-^ CU2S + 2 FeO + 3SO2 

2 CU 2 S + 3 O 2 -> 2 CU 2 O + 2 SO 2 

A mixture of sulphides and oxides is formed. The CU2O so 
formed reacts with unconverted CU2S to form copper. 

CU2S + 2CU2O-^ 6 Cu + SO2 

(iii) When zinc is exposed to moist air, the surface is affected 
with the formation of a film of basic zinc carbonate on it. Due 
to this zinc becomes duU. 

[ 2 Zn + 2H2O + O2-> 2 Zn(OH) 2 ] x 2 

Zn(OH )2 + CO 2 -> ZnCOa + H 2 O 

ZnCOs + 3 Zn(OH )2 -> ZnC03-3Zn{0H)2 

4Zn + 3 H 2 O + CO 2 + 2 O 2 -> ZnC 03 - 3 Zn( 0 H )2 

Basic zinc carbonate 

(iv) Limestone is added as a flux. It is decomposed in the 
furnace into CaO and CO2. CaO reacts with gangue silica and 
forms infusible slag, CaSi03. 

CaGOs-> CaO + CO2 

CaO + Si 02 -> CaSi03 

Slag 

(v) Ferrous sulphate is a salt of a weak base and a strong 
acid. Thus, its hydrolysis occurs when it is dissolved in water 
and solution becomes turbid due to formation of ferrous 
hydroxide. 

FeS04 + 2H2O ^ Fe(OH)2 + H2SO4 

Addition of a small amount of acid shifts the equilibrium 
towards left and thus prevents hydrolysis. 

(vi) On addition of NaOH, a white precipitate of Zn(OH)2 
is formed which dissolves in excess of NaOH forming sodium 
zincate. 

ZnCli + 2 NaOH-> Zn(OH)2 + 2 NaCl 

Zn(OH)2 + 2 NaOH-> Na2Zn02 + 2H2O 

Soluble 

(vii) NH 40 H is a weak hydroxide. It ionises slightly 
furnishing OH“ ions. However, the OH“ ions are sufficient to 
cause the precipitation of Zn(OH )2 as its solubility product is 
exceeded. 

ZnS04 4- 2NH4OH-^ Zn(OH)2 + (NH4)2S04 

White ppt. 

In presence of NH4Q, the ionisation of NH4OH is further 
suppressed and sufficient OH” ions are not available to cause 
precipitation as the solubility product is not exceeded. 
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(viii) HgCl2 is an oxidising agent while SnCl2 is a reducing 
agent. When both are present, a redox reaction occult forming 
Hg and stannic chloride as final products. 

SnClj + 2HgCl2-> Hg2Cl2 + SnCl4 

White 

Hg2Cl2+SnCl2-> 2 Hg + SnCl4 

Black or grey 

(ix) Zinc is cheaper as well as stronger reducing agent in 
comparison to copper, 

Zn + 2[Ag(CN)2]”-^ 2 Ag + [Zn(CN)4]2” 

(x) Air is necessary to convert impurities such as sulphur, 
arsenic and antimony into volatile oxides and for partial oxidation 
of the pyrite ore. Calcination does not use oxygen while roasting 
is done in pi^sence of air. Thus, roasting and not calcination 
is done in the metallurgy of copper. 

See reactions in answer (ii). 

(xi) Copper occurs in nature also as a free metai but iron 
is always found in nature in combined state. The technology 
to manufacture iron was developed much later. Hence iron 
implements were used later than copper implements as copper 
was known in the early times. 

(xii) Copper sulphate dissolves in the ammonium hydroxide 
due to formation of a copper complex. Ferrous sulphate reacts 
with NH4OH to form insoluble Fe(OH)2- It does not form any 
complex with NH4OH. 

CUSO 4 + 4 NH 4 OH-^ [Cu(NH 3 ) 4 ]S 04 + 4 H 2 O 

Deep blue solution 

FeS04 + 2NH4OH-> Fe(OH)2 + (NH4)2S04 

Insoluble 

(xiii)A ferrous salt turns brown in air due to oxidation to 
ferric salt. 

(xiv) Ferrous salt acts as a reducing agent. It reduces acidi¬ 
fied KMn04 into K2SO4 and MnS04 which form colour¬ 
less solution, Le,, decolourisation of KMn04 solution takes 
place, 

2KMn04 + 3H2SP4,-> K2SO4 + 2MnS04 + 3H2O + 5 [ 0 ] 

[2FeS04 + H2SO4 + [O]-^ Fe2(S04)3 + H2O] x 5 

2KMn04 + 10FeSO4 + 8H2SO4-> K2SO4 + 2MnS04 

+ 5Fe2(S04)3 + 8H2O 

(xv) Cadmium absorbs neutrons, stops nuclear fission 

reaction and extinguishes nuclear fire. * * 

(xvi) Cu{OH) 2 dissolves in NH4OH by forming a complex. 

Cu(OH)2 + 4NH4OH -^ [Cu(NH3)4](OH)2 + 4H2O 

Cu(OH) 2 is insoluble in NaOH as no such complex is formed. 

Example 6. Explain the following: 

(i) Magnesium oxide is used for lining of steel making 
furnace, 

(ii) Cast iron is hard but pure iron is soft in nature. 

3+ 2+ 

(iii) Fe is more stable than Fe . 
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(iv) Anhydrous FeCl^ cannot be obtained by heating 
hydrated ferric chloride. 

(v) The compounds of iron are coloured and paramagnetic, 

(vi) Mercuric chloride is called corrosive sublimate, 

{vii)The colour of mercurous chloride changes from white 

to black when treated with ammonia solution. 

{viii) Excess of carbon is added in the zinc metallurgy 

(ix) Zinc readily liberates hydrogen from cold dilute HiSO^ 
but not from cold concentrated H 2 SO 4 . 

(x) The compounds of Zn^ Cd and Hg are usually, white. 

(xi) A dark blue precipitate is formed when sodium hydroxide 
solution is added to copper sulphate solution. The precipitate 
darkens on heating. 

(xii) Cuprous chloride is insoluble in water and dilute HCl 
but dissolves in concentrated HCL 

fxufrCuS IS hdfpmcipitated bypassing H 2 S through copper 
sulphate solution contammg KCN. 

(xiv) Silver nitrate solution is kept in dark coloured bottles. 

Solution: 

(i) MgO is basic in nature. It removes acidic impurities 
present in cast iron used for making steels. 

MgO + Si02-> MgSiOa 

Slag 

3MgO + P 2 O 5 -^ Mg 3 (P 04)2 

MgO is also a refractory material as it can tolerate very high 
temperature of the furnace. 

(ii) Cast iron consists carbon 2.5 to 5% which is responsible 
for its hardness. 

(iii) has the configuration [Ar13^, Le., all the five 
d-orbitals are singly occupied which is a stable configuration 
in accordance to Hund's rule of maximum multiplicity while 
the configuration of Fe^^ is [Ar] 'id^ in which one orbital is 
doubly occupied and rest of the four orbitals are singly occupied. 
It is not so stable configuration as it is unsyrametrical in nature. 

(iv) On heating hydrated ferric chloride, anhydrous ferric 
chloride is not formed as water of crystallisation reacts to 
form Fe 203 and HCl. 

(v) Iron compounds either has Fe^"^ or Fe^"^ ions and each 
contains unpaired orbitals which show paramagnetic character. 
d-d transition is possible. Hence, the compounds are coloured. 

(vi) HgCl 2 is poisonous (corrosive) in nature. It undergoes 
sublimation. Due to these properties, it is called corrosive 
sublimate. 

(vii) Hg 2 Cl 2 reacts with NH 3 to form a mixture of mercury 
and mercuric amino chloride which is a black substance. 

Hg 2 Cl 2 + NH 3 -> Hg + Hg(NH 2 )Cl + HCl 

White 

(viii) Carbon has to play a double role, 

(a) It reduces zinc oxide to zinc. 

. ZnO + C-^ Zn + CO 

ZnO + CO-> Zn + CO 2 
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(b) It reduces CO 2 into CO which is used as a fuel 
^ CO 2 +C->2CO 

(ix) H 2 SO 4 is a covalent compound. Cone. H 2 SO 4 does 
not contain H 30 “^ ions while dilute H 2 SO 4 consists H 30 "^ ions 
which react with zinc to liberate hydrogen. 

H2SO4 + 2H2O ^ 2H3O+ + S04^ 

Zn + 2 H 3 O+ Zn^+ + H 2 + 2 H 2 O 

(x) In the compounds of zinc metals, M ions possess 
the penultimate J-orbitals doubly occupied, Le., in-l)d^^ 
configuration. There is no d-d transition. Hence, the compounds 
of zinc metals are colourless. 

(xi) NaOH reacts with CUSO 4 when dark blue precipitate 
of Cu(OH )2 is formed. This precipitate on heating forms CuO 
which is black in colour. Hence, the colour darkens on heating, 

CUSO 4 + mOH —-4 Cu^^ + Nai ^4 
'. .■ Blue-- ..• 

Cu(OH )2 -> CuO + H 2 O 

Blaclc 

(xii) CU 2 CI 2 dissolves in cone. HCl due to the formation of 
a copper complex. 

CU 2 CI 2 + 2 HCI-> 2 H[CuCl 2 ] 

(xiii) CUSO 4 forms a complex with KCN. 

CUSO 4 + 2KCN-> Cu(CN )2 + K 2 SO 4 

2Cu(CN)2-> Cu 2 (CN )2 + (CN )2 

Cu 2 (CN) 2 + 6 KCN-> 2K3Cu(CN)4^6K%2[Cu(CN)4]^" 

K 3 Cu(CN )4 complex does not furnish Cu^'*' ions. Hence, no 
precipitate of CuS is formed when H 2 S is passed through 
solution. 

(xiv) AgN 03 is photosensitive. It decomposes in presence 
of light. To prevent its decomposition, it is kept in coloured 
bottles as these do not permit light to pass through. 

Example 7 . Explain the following: 

(0 Copper (/) salts are not known in aqueous solutions. 

(ii) Ferric iodide is very unstable but ferric chloride is not 

(iii) Silver bromide is used in photography. 

(iv) Anode mud in copper refining contains silver and gold. 

(v) Silver fluoride is fairly soluble in water while other 
silver halides are insoluble. 

(vi) Copper is regarded as transition metal though it has 

completely filled d-orbital (d^^). [M.L.N.R. 1994] 

(vii) Out of cobalt and zinc salts, which is attracted in a 

magnetic field? IRoorkee 1995] 

(viii) The species [CMC/ 4 ] exist but [Cw/ 4 ] does not. 

[IXT. 1992] 

(a) Copper is largely used in electrical wiring. 

(x) A solution ofK 2 Cr 04 changes colour on being acidified. 

Solution: 

(i) Cu (I) salts undergo disproportionation in aqueous 
solution. 

2 Cu+ 


4 Cu^^ + Cu 
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(ii) I ion is a stronger reducing agent in comparison to 
Cl“ ion. Fe^'*’ is easily reduced by iodide ion. 

+ 2r-> 2Fe^'" + h 

(iii) AgBr is sensitive to light. It is converted into metallic 
silver grains when light is incident on it. 

(iv) Silver and gold are less basic than copper. These are 
not ionised under the applied voltage and get deposited in the 
anodic mud, 

(v) The hydration energy of AgF is higher than its lattice 
energy. Hence, it is soluble in water. The hydration energy 
values of other halides ^e smaller than their lattice energy 
values. Hence, these halides are insoluble in water, 

(vi) Although copper has configuration yet it can lose 
one electron from this arrangement. ITius, Cu ion has 3 d 
configuration: So, according^ to ihe definition that transition 
metal cations have partiatty fitted (n-l)rf~subshell, copj^r is 
regarded as a transition metal. 

(vii) Of cobalt and zinc salts, the cobalt salts are attracted 
in a magnetic field, because cobalt ion containing unpaired 
electrons is characterised by a permanent magnetic moment. 
Zn^’*' ion contains 3 d^^ configuration, Le., no unpaired electrons, 
so zinc salts are not attracted in magnetic field. 

(viii) I" ion is a stronger reducing agent than Cl” ion. It 
reduces Cu^”^ ion into Cu”** ion. Hence, cupric iodide is converted 
into cuprous iodide. Thus, the species [CUI4] does not exist. 

(ix) Copper is a very good conductor of electricity. 
Moreover, it is not easily affected by the atmosphere. 

(x) On being acidified, the chromate ions dimerise to form 
dichromate ions which are orange coloured. Thus, 

2 CrO^ + 2 H^-> Cr20i~ + HjO 

(Yellow) (Orange) 

Example 8. How the following conversions are made? 
Explain only by giving chemical equations. 

(i) Copper chloride from copper nitrate, 

{ii) Cuprous oxide from copper sulphate, 

(Ui) Cuprous oxide from copper 

(iv) Mercuric chloride from mercuric sulphate. 

(v) Anhydrous ZnCl2 from white vitriol 

(vi) Zinc carbonate from zinc oxide, 

(vii) Ferrous sulphate from ferrous ammonium sulphate, 
(viii) Prussian blue from K^FeiCN)^, 

{ix) Lithopone from white vitriol 

(x) Cuprous iodide from copper sulphate. 

Solution : 

(i) Cu(N03)2 + 2 NaOH-> Cu(OH)2 + 2NaN03 

ppt. 

Cu(OH)2 + 2 HC 1 -> CUCI2 + 2H2O 

(ii) CUSO4 + 2 NaOH-> Cu(OH)2 + Na2S04 

ppt. 

Cu(OH) 2 . CuO + H2O 

' heated 


CuO + Cu CU2O 

Powder 

or CUSO4-> Fehling’s solution 

C5H12O6 Fohling’s soln.-> CU2O + CgHj207 

Glucose Red ppt. Gluconic acid 

(m)Cu + 4HNO3 (cone.)-> Cu(N03)2 + 2NO2 + 2H2O 

2Cu(N03)2 2 CuO + 4NO2 + O2 

CuO + Cu CU2O 

(iv) By heating a solid mixture of HgS04 and NaCl. 

HgS04 + 2 NaCl HgCla + Na2S04 

(v) ZnS04-7H20 ) ZnS04 + 7H2O 

White vitriol Anhydrous 

.ZiS04_ J^^.ZnO + ___, 

ZnO + 2 HC 1 —> ZnClz + H2O 
ZnCl2 + 2NH4CI-> ZnCl2-2NH4a 

Double salt 

Heat 

ZnCl2'2NH4Cl hci gas ^ ZnCl2 + 2NH4CI 

Anhydrous 

(vi) ZnO + H2SO4-> ZnS04 + H2O 

ZnS04 + 2NaHC03-> ZnCOs + Na2S04 + HoO + CO2 

(vii) FeS04<NH4)2S04-6H20 + 4 NaOH-> 

Fe(OH)2 + 2NH3 + 2Na2S04 + 8H2O 

ppt. . s. 

Fe(OH)2 + H2SO4-> FeS04 + 2H2O 

The solution is put to crystallisation when crystals of ferrous 
sulphate, FeS04-7H20, are obtained. 

(viii) 4 FeCl 3 + 3 K 4 Fe(CN )6 -> Fe4[Fe(CN)6]3 + 12 X 0 

Prussian blue 


(ix) 

ZnS04.+ BaS — 

ZnS + BaS04 

Lithopone 

(X) 

2CUSO4 + 4 KI — 

CU2I2 + 2K2SO4 + i 

White ppt. 


Example 9 * A metal chloride (x) shows the following 
reactions: 

{a) When H2S is passed in an acidified solution of {x) a 
black precipitate is obtained.. 

{b) The black precipitate is not soluble in ammonium 
sulphide, 

(c) The solution of stannous chloride is added to an aqueous 
solution of {x\ a white precipitate is obtained which turns grey 
on addition of more stannous chloride. 

{d) When\ aqueous solution of KI is added to an aqueous 
solution of{xX a red precipitate is obtained which dissolves on 
addition of excess of KL 

Identify (x) and write down the equations for the reactions. 

[Roorkee 1991 ] 

Solution: 

The acidified solution of (x) gives a black sulphide with H2S 
indicates that the chloride is of a basic cation of second group. 
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The sulphide is insoluble in ammonium sulphide, hence, the 
cation belongs to DA group of mixture analysis. 

It gives white precipitate with SnCl2 which turns to grey in 
excess of SnCl2 suggests that (x) is HgCl2. It is further 
confirmed by the reaction with KI. 

Reactions : HgCl2 + H2S --—> HgS + 2 HC 1 

Black 

2HgCl2 + SnCl2-> Hg2Cl2 + SnCU 

White 

Hg2Cl2 + SnCl2-> 2 Hg + SnCU 

Grey 

HgCl2,-t 2 KI-> Hgl2 + 2 KC 1 

Reef ppt. 

Hgl2 + 2 KI-> K2Hgl4 

Soluble 

10 . Ac^naminargank compound {A)onheating 
loses its water Qf crystallisaUowiOnf^^ a btactish 

brown powder {B) and two oxides of sulphur (C and D) are 
obtained. The powder (B) on boiling with hydrochloric acid 
gives a yellow solution (£). When H2S is passed in (£), a white 
turbidity (F) and apple green solution (G) are obtained. The 
solution (E) on treatment with thiocyanate ions gives a blood 
red coloured compound {H), Identify the compounds from (A) 
to (H). 

Solution: 

The compound (A) on strong heating gives two oxides of 
sulphur, it may be a sulphate. The solution (E) on treatment 
with thiocyanate ions gives blood red coloured compound (H) 
indicates that the solution (E) consists ions. Thus, toe 
compound (A)is ferrous sulphate, FeS04‘7H20. 

Reactions ; 

FeS04-7H20 FeS04 FeaOs + SO2 + SO3 

(A) ^ (S) (C) (£>) 

Blackish 

brown powder 

Fe 203 + 6 HC 1 -^ 2 FeCl 3 + 3H2O 

(B) (E) 

Yellow solution 

^ 2 FeCl 2 + 2 HC 1 + S 

(G) (F) 

Apple White 

green solution turbidity 

4 Fe(CNS)3 + 3Cr 

Blood red 
coloured solution 

Example 11 , (0 A black mineral (A) on treatment with 
dilute sodium cyanide solution in presence of air gives a clear 
solution of (B) and (Q. 

(ii) The solution (B) on reaction with zinc gives precipitate 
of a metal (D), 

(iii) (D) is dissolved in dilute HNO^ and the resulting solution 
gives a white precipitate (£) with dilute HCL 

(iv) (E) on fusion with sodium carbonate gives (D). 
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(v) (E) dissolves in ammonia solution giving a colourless 
solution of(F), Identify (A) to (F) and give chemical equations 
for reactions at steps (i) to (v). [Roorkee 1995 ] 

Solution: 

On the basis of the given data, the black mineral (A) is silver 
glance, Ag2S, It is confirmed by the following: 

(i) It dissolves in sodium cyanide solution in presence of 
air, 

Ag2S + 4 NaCN + 2O2-^ 2 [NaAg{CN) 2 ] + Na2S04 

Sodium Sodium 

argento cyanide sulphate 

(B) (C) 

(ii) 2[NaAg(CN)2] + Zn-> Na2Zn(CN)4 + 2 Ag 

( 5 ) (£>) 

(iii) 3 Ag + 4HNO3-> SAgNOg + NO + 2H2O 

(G) 

’ AgN 03 ' + HCl — 

.."..'. (E) .. 

(iv) 2 AgCl + Na2C03-> 2 Ag + 2 NaCl + CO2 + j Oj 

(£) (D) 

AgCl + 2NH4OH-> Ag{NH3)2Cl + 2H2O 

(E) . (F) 

Colourless - solution 

(A) = Silver glance, Ag2S 

(B) = Sodium argentocyanide, NaAg(CN)2 

(C) = Sodium sulphate, Na2S04 

(D) = Silver metal, Ag 

(£) = Silver chloride, AgCl 

(F) = Diammi'nosilver (I) chloride, Ag(NH3)2Cl 

Example 12 . (i) A black coloured compound (B) is formed 
on passing hydrogen sulphide through the solution of a 
compound (A) in NH4OH. 

(ii) (B) on treatment with HCl and potassium chlorate gives 
A, 

(iii) (A) on treatment with potassium cyanide gives a buff 
coloured precipitate which dissolves in excess of this reagent 
forming a compound (C). 

(iv) The compound (Q is changed into a compound (D) 
when its aqueous solution is boiled, 

(v) Ttw solution of (A) was treated with excess of sodium 

bicarbonate and then with bromine water. On cooling and 
shaking for sometime, a green coloured compound (E) is formed. 
No change is observed on heating. Identify (A) to (E) and give 
chemical equations at steps (/) to (v). [Roorkee 1996 ] 

Solution: 

The formation of a black coloured precipitate on passing 
H2S in alkaline medium indicates that the salt is either of cobalt 
or nickel. However, the reaction (iii) suggests that (A) is a 
cobalt salt (C0CI2). This is confirmed by the following 
reactions: 

(i) CoCl2+H2S+2NH40H-> CoS + 2NH4CI + 2H2O 

(A) (B) 

(ii) CoS + 2 HC 1 + [O]-> C0CI2 + H2O 

(B) From KCIO3 (A) 


2FeCl3 + H 2 S 

FeCl3 + 3CNS^ 
(E) 
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(iii) C0CI2 + 2KCN-> 2KC1 + Co(CN)2 

(A) Buff coloured 

* 

Co(CN )2 + 4KCN -->K4 Co(CN )6 

(Q 

(iv) 2K4 Co(CN)6 + H 2O + [O]-> 2K3Fe(CN)6 + 2KOH 

(C) From air (D) 

Pot. cobaltocyanide Pot. cobalticyanide 

(v) CoQa + 2NaHC03-> Co(HC03)2 + 2NaCl 

(A) 

Co(HC 03)2+ 4NaHC03-> Na4Co(C03)3 + 3CO2 + 3H2O 

Br2 + H2O-> 2HBr + [O] 

2Na4Co(C03)3 + H2O + [O] ^ 2Na3Co(C03)3 + 2NaOH 

(E) 

Green coloured solution 

.{£Xis stBble. towards, .te . ...... 

When the ore haematite is burnt in air with 
coke around 2000®C along with lime, the process not only 
produces steel but also produces a silicate slag that is useful 
in making building materials such as cement. Discuss the same 
and show through balanced chemical equations. [LLT, 1998] 
[Hint : Haematite (Fe 203 ) on burning with coke and lime at 200CfC 
results in the following: 

C + O 2 -> CO 2 

CO 2 + C-> 2CO 

FeiOs + 3CO-^ 2Fe + 3 CO 2 

Steel 

Si02 + CaO-^ CaSiOs 

Lime Slag 

(used as a building material)] 

Example 14. An aqueous solution containing 1 mole of 
Hgl 2 and 2 moles of Nal is orange in colour. On addition of 
excess of Nal the solution becomes colourless. The orange 
colour reappears on subsequent addition of NaO^L Explain 
with equations, [LLT. 1999] 

[Hint : Hgl 2 is sparingly soluble in water and gives orange solution. On 
addition of excess of Nal, the colourless soluble complex Na 2 Hgl 4 
is formed. 

Hgl 2 + 2NaI-^ NaaHgX 

The complex reacts with NaOCl with formation of again HgX, 
Le., orange colour is restored, 

3Na2HgJ. -f 2NaOCl + 2 H 2 O-> SHgX + 2NaCl + 4NaOH + 2Nal3] 

Example 15. Explain: 

(0 Why are Eu^^ and Yb'^'^ good reducing agents? 

(ii) Can lanthanum (Z - 57) exhibit +4 oxidation state? 
(Hi) Why are +3 oxidation state of gadolinium (Z = 64) and 
lutetium (Z = 91) especially stable? 

(iv) Why do Zr and Hf exhibit similar properties? 
Solution : 

(i) The most stable oxidation state of lanthanides is +3. 
Hence, ions in +2 state tend to change to +3 oxidation state by 
loss of electron and act as reducing agents. 


(ii) La^^ has a stable configuration of an inert gas 
[(Xe)5d°6/], i.e., xenon (54—2, 8, 18, 18, 8). To obtain +4 
oxidation state, the stable configuration is to be disturbed which 
is not possible under ordinary conditions and hence La"^”^ does 
not exist. 

(iii) This is because gadolinium in +3 state has half filled 
4/“Subshell (4/^) and lutetium in +3 state has completely filled 
4/~subshell which are very stable configurations. 

(iv) Due to lanthanide contraction, the atomic radii of both 
Zr and Hf are same. Hence, their properties are similar. 

Example 16. Why is dilute sulphuric acid and not dilute 
HCl or HNO^ used to acidify a permanganate solution in 
volumetric analysis? 

Solution: 

Volumetric titrations involving potassium penfianganate 
solution are carried out only in presence of dilute 
not in presence of dilute HCl or dilute HNO3. This is because 
oxygen produced from KMn04 + dil, H2SO4 is used only for 
oxidising the reducing agent. Moreover, H2SO4 does not give 
any oxygen of its own to oxidise the reducing agent. 
2KMn04 + 3H2SO4 —^ K2SO4+ 2MnS04 + 3H2O + 5[eX 
Reducing agent + [O]- > Oxidised product 

In case HCl is used, the oxygen produced from KMn04 is 
partly used upto oxidise HCl and CI2 is produced. 

2KMn04-^ K2O + 2MnO + 5[0] 

K2O + 2HC1-> 2KC1 + H2O 

[MnO + 2HC1-> MnCl2 + H2O] x 2 

[2HC1 + [O]-> H2O + CI2] X 5 

2KMn04 + 16HC1-> 2KCl + 2MnCl2+ 8H2O+ 5CI2 

In case HNO3 is used, it itself acts as an oxidising agent and 
partly oxidises the reducing agent. 

Ei^mple 17. What is the equivalent mass ofKMnO^ when 
it acts as an oxidising agent in acidic mediurftfmolecular mass 
KMn04 = 158).? 

Solution: 

Oxidising action of KMn04 acidic medium is represented 

as: 

2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 ^ 3H2O + 5[0] 

2xl58g 5xl6 = 80g 

2 X158 

Ekj. mass of KMn04 = —gg—x8 = 31.6 

or Eq. mass of KMn04 

_ Molecular mass _ 

Number of electrons gained per molecule 


or MnOJ -> 

Oxidation state +7 +2 
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Eq. mass of KMn 04 

^ _ Molecular mass _ 

” Change in oxidation state per molecule 


Example 18. Explain the following giving suitable reason: 

(i) Yellow coloured aqueous solution of sodium chromate 
changes to orange red when CO 2 under pressure is passed, 

(ii) Green solution of potassium manganate, KiMnO^ turns 
purple when CO 2 is circulated. 

Solution : 

(i) Yellow coloured aqueous solution of sodium chromate 
changes to orange red on passing CO 2 as H’*' ions are formed 
which are responsible for conversion of chromate into 
dichromate. 

..CQ 2 .+ H 2 Qj^_ir: + HCQi __ 

2CrO|“.+ 2H": —^ GraOj" +-H 2 O 

Yellow Orange red 

(ii) CO 2 gives H'*' ions which are responsible for conversion 
of manganate (green) to permanganate (purple). 

CO 2 + H 2 O + HCO 3 

SMnOl" + 4H'*'-> 2Mn04 + Mn02 + 2 H 2 O 

Green Purple 

. Example 19. Assign reason for each of the following: 

(i) Ce^’^ can be easily oxidised to Ce^’^, 

{ii) £" for Mn^y Mrf'^ couple is more positive than for 
Fe^'^/F^^ couple, 

(Hi) Lu(OH )2 is a weaker base than La{OH)^. 

Solution : 

(i) Ce^"^ h^ the configuration 4f^5d^6s^. It can easily lose 
an electron to acquire more stable configuration {4f^5d%s^, 
Le., configuration of an inert gas, xenon 2 , 8 , 18, 18, 8 ), Le,, 
Ce^*^ can be easily oxidised to Ce^^. 

Ce^^-> Ce^^ + e 

(ii) P for Mn^^/Mn^^ couple is more positive than for 

Q I 24- 0 - 4 - I 4 . 

Fe /Fe couple because Mn state is more stable than Mn 
state. Thus, the reduction is spontaneous. 

Mn^^(3ii W) + e-> Mn^-'(3d^45^) 

For Fe^’^/Fe^'^ couple, Fe^'^( 3 ^i^, 45 ^> is more stable than 
Fe^‘^( 3 d^, 45 ^). Thus, the reduction is not spontaneous. 

(iii) In the lanthanide series, the size of the ion 
decreases from La^"^ to Lu^***. Thus, the covalent nature of 
Lu(OH )3 increases (Fajan’s rule). Hence, Lu(OH )3 is weaker 
than La(OH) 3 . 


Example 20. Transition metals of 'id-series do not react 
readily with dilute acids to liberate hydrogen although they 
have high negative reduction potential values. Explain, 

Solution: 

Most of the transition metals have the tendency to form a 
protective layer of their oxides on the surface. This oxide layer 
is somewhat inert and does not permit the metals to react with 
dilute acids to liberate hydrogen. 

Example 21. The atomic radii of the elements in a 
transition series do not vary much while they do vary in the 
case of s and p-block elements. Explain. ' ^ 

Solution : 

There are operating two effects namely nuclear charge effect 
and screening effect which oppose each other. Due to increase 
in nuclear charge from member to member in a transition 
series^ the atomic raffi tend^ to decrease. At the-same time, the— — 
addition of extra elecfrons one by one to<n“T)df-orbiMs provides=^ 
the screening effect. As the number of d electrons incmases, 
the screening effect increases and this tends to increase size. 

Due to these opposing tendencies, there is a very small change 
in the atomic radii in a transition series. In s and p-block 
elements, the extra electron is added to same 5 or p-subshell- 
which does not exert screening effect and hence, the atomic 
radii decreases considerably in a period due to increase in 
nuclear charge. 

Ei^mple 22. The second and third members in each group 
of the transition elements have similar atomic radii. Explain. 

Solution: 

This is due to lanthanide contraction by the members of 
4/-series which occupy a position between lanthanum (Z = 57, 
a first member of third transition series) and hafnium (Z = 72, 
second member of 3rd transition series). 

2nd transition series Y Zr Nb Mo 

3rd transition series La-Lanthanide$ Hf Ta W 

(58 to 71) 

The pairs of elements such as Zr-Hf, Nb-Ta, Mo-W, etc., 
possess nearly the same atomic radii and almost the same 
properties. 

Example 23. {a) Chromium is a typical hard metal while 
mercury is a liquid. Explain. 

(b) The melting and boiling points of Zn, Cd and Hg are 
low. Why? 

(c) Though copper, silver and gold have completely filled 
sets of d-orbitals, yet thev are considered as transition metals. 

Why? 
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Solution; 

(a) In chromium, the interatomic bonding is very strong due 
to presence of five unpaired electrons in 3c/-subshell (3a 45 ^). 
Therefore, it is a hard metal. In mercury, on the contrary, the 
3<i-subshell is filled to maximum capacity {5d 65 ), i.e., these 
electrons are not available for interatomic bonding and thus, 
bonding is very weak in mercury. Therefore, mercury is a 
liquid at room temperature. 

(b) In Zn, Cd and Hg, the (n - 1) c^-orbitals are filled to their 
maximum capacity. These ^/-electrons do not take part in 
metallic bonding. Thus, metallic bonding is weak in Zn, Cd and 
Hg, That is why, they have low melting and boiling points. 

(c) Copper, silver and gold in their common oxidation states 
have partially filled (n - 1 ) ^/-orbitals. 

C\i^*Od\ hg^*{Ad\ PM^*{5d^) 
-^fEscaPaple-24. - (a) 0/ ffee w&cfe 

ones will be coloured in aqueous solution ? - 

{b) If each one of the above ionic species is in turn placed 
in a magnetic field, how will it respond and why? 

Solution: 

(a) The ionic species which possesses unpaired electron or 
electrons in {n - 1) c^-subshell will show colour. Of the ions 
Ag'^(4<i^^), Co^'^(3<i^-three unpaired electrons) and 

will be coloured as it contains three unpaired electrons 
and Ag"*” and Ti'^’*’ will be colourless. 

(b) When placed^ in magnetic field, Co^''' will be attracted 
because it is paramagnetic due to unpaired electrons. Ag"*" and 
Ti'^'*’ ions will be repelled by the magnetic field as they are 
diamagnetic due to presence of paired orbitals. 

Example 25. Give examples and suggest reasons for the 
following features of the transition metal chemistry: 

(0 The lowest oxide of transition metal is basic, the highest 
is amphoteric/acidic. 

(ii) A transition metal exhibits highest oxidation state in 
oxides and fluorides. 

{Hi) The highest oxidation state is exhibited in oxoanions of 
a metal. 
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Solution : ) 

(i) In case a metal forms a number of oxides, the acidic 
strength increases with the increase in oxidation state of the 
metal, Le., acidic strength increases with the increase in 
percentage of oxygen in the oxide. For example, MnO is a 
basic oxide while Mn 207 is an acidic oxide. 

(ii) A metal exhibits higher oxidation states in oxides and 
fluorides as oxygen and fluorine are highly electronegative 
elements and small in size, i.e., act as strong oxidising agents. 
For example, chromium shows an oxidation state of +6 in 
CrFg and osmium shows an oxidation state of +8 in OSO 4 . 

(iii) This is also because of high electronegativity of oxygen. 
For example, chromium shows oxidation state of +6 in Cr 207 “ 
and manganese shows oxidation state of +7 in MnO 4 . 

Example 26. (a) Actinide contraction is greater from 
element to element than lanthaAide cor^^^^^ _ 

(b) The outer electronic configuration of two. members_of_ 
the lanthanide series are as follows: 

4/5d'6/ and Af5d%s^ 

What are their atomic numbers? Predict the oxidation states 
exhibited by these elements in their compounds. 

Solution : 

(a) This is due to poor shielding by 5/ electrons in the 
actinides than that of 4/ electrons in the lanthanides. 

(b) Complete E.C. of 1st element : [Xe] Af^5d^6^ = 58, 
i.e., the element is cerium. 

Complete E.C. of 2nd element : [Xe] Af5d^6^ = 63, 
i.e., the element is europium. 

The expected oxidation states of 1st element = +3, and +4 

and of 2nd element = +2, +3. 

Example 27. Which is the most common oxidation state 
of lanthanides and how is it formed? Give its configuration. 

Solution : 

The most common oxidation state of lanthanides is +3. This 
oxidation state of the lanthanide ions arises due to the loss of 
two 65 electrons and the lone 5d electron, if present from the 
atom of the elements. If no electron is present in the 5d orbital, 
than one of electrons from 4/ shell is lost. The lanthanides in 
this state have the general configuration [Xe] Af^~^^. 
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SUMMARY AND IMPORTANT POINTS TO RCMeMBE^ 


1* The elements belonging to groups* 3 to 12 of the extended 
form of the periodic table are called deblock elements. They 
are present between 5-block and p-block elements and belong 
to 4th, 5th, 6 th and 7th periods of periodic table. They are 
also called transition elements (elements having incomplete 
(n - l)£f-orbitals in their atoms or in their simple ions). Their 
general electronic configuration is : 

/ 0, 1 or 2 

(n - l)d ns 

All transition elements are ^f-block elements but all ^-block 
elements are not transition metals. For example, the elements 
of group 12, namely Zn, Cd, Hg and Uub, though belong to 
<i-block but are not considered as transition metals because 
they contain completely filled (n - l)cf-orbitals. 

2. There are four transition series which involve the filling of 
(n - Ijd-subshell. Each series consists ten elements. Each 
series starts from a member of third group and ends with a 
member of group 12 . 

First series (3^-series) Sc (3d\4s^y — Zn (3d^°,4s^) 

(21) (30) 

^e&na-fen^^( 2 h^sMes) 

• (39) (48) 

Third series (5<i-series) La ( 5 if\ 65 ^) — Hg (5^^^, 65 ^) 

\ . (57) . . : .(80). _ • 

Fourth series ( 6 d-series) Ac (6^^7/) —Uub (6d^^Js^) 

(89) (112) 

Certain elements show exceptional electronic configuration. 
In the first transition series Cr {3d^As^) and Cu ( 3 i/*®, 45 ^) 
have exceptional configuration. 

3. The elements of first transition series are : 

Sc (21), Ti (22),: V (23), Cr :(24), Mn (25), Fe (26), 
Co (27), Ni (28), Cu (29) and Zn (30). 

4. All the transition elements are metals. Iron is the most 
abundant transition metal in the earth’s crust. Technetium and 
all the members of fourth transition series are radioactive. 
Technetium is the first synthetic element. The elements after 
uranium are termed transuranic elements. These elements 
have been obtained artificially by nuclear transmutation. 
Transition elements have high density, hardness, high tensile 
strength, malleability, ductility, high thermal and electrical 
conductivity, high energy of atomisation, high melting and 
boiling points. Larger the number of unpaired electrons, 
stronger is the metallic bond and hence higher is the energy 
of atomisation and the melting point. That is why melting 
points increase in each series up to the fourth member, ie„ 
Cr, Mo and W (W—highest melting point 341(f C). However, 
the melting point of manganese in 3rf-series is lower than its 
neighbours. This is due to stable configuration of manganese 
(3d^, 4s\ Le., metallic bonding is less. Among the transition 
metals, the lightest is Sc (density 3.0 g cm”^) and heaviest 
osmium (22.59 g cm"^) and iridium (22.61 g cm“^). Hg is known 
in liquid form under ordinary conditions. 


5. Generally, the atomic radii of d-block elements in a series 
decrease with increase in atomic number but the decrease in 
atomic size is small after midway. In the first series, the atomic 
radii decrease upto Cr but after that it remains almost the 
same. The atomic radii of second and third transition series 
in the same vertical columns are almost the same. This is due 
to lanthanide contraction. The atomic radii of the pairs such 
as Zr-Hf, Nb-Ta, Mo-W, Ag-Au, etc., are almost same. 

6. The ionisation energy gradually increases with increase in 
atomic number along a given transition series. The ionisation 
energies of 3d and 4d elements are irregular. The first i onisation 
energy of 5d elements is higher than 3d and 4d elements 
belonging to same group due to lanthanide contraction. 

7. Ti^ition metals show vamble oxidaticm states (excep fir^ 
and- last member of the smes)^ TTie^ most common bxidatibif 
state of the first transition series is +2 except scandium. The 
maximum oxidation state increases with atomic number upto 
mang^ese in the first transition series. This is due to the 
involvement of 45 electrons and unpaired electrons of 
3ii“Subshell. Manganese (3d^4s^) shows maximum oxidation 
state of +7. Lower states are ionic while higher states are 
covalent. 

The highest oxidation state shown by transition metal is +8 
(by Ru and Os). Ions with the metal in a high oxidation state 
tend to be good oxidising agents (Cr 207 ~ MnOJ) and ions 
with the metal in low oxidation state are good reducing agents 

8. Most of the transition metals and their compounds exhibit 
paramagnetism. Substances containing unpaired electrons are 
paramagnetic. Those containing no unpaired electron are 
diamagnetic. (Zn, Cd, Hg, Zn^/ Cd^'', Hg^+, Cu^, Sc^'", Ti'^, 

etc., are diamagnetic.) Magnetic moment is given as 
\l = ^nin + 2) B.M., where n = number of unpaired 
electrons. In the first transition series Cr has maximum para¬ 
magnetism and amongst ions Mn^"^ has maximum magnetic 
moment. 

9. Most of the transition metal compounds (ionic as well as 
covalent) are coloured both in solid state and in aqueous 
solution. Colour is due to the presence of incomplete 
^-subshell, ie,, there is d-d transition. The ions with (n - l)d^ 
or (n “ configuration are colourless. Te"^"^, Cu"^, 
Zn^*^, etc., are colourless because they have either 3d^ or 
3d^^ configuration. The following colours are observed for 
the common ions. 

Ti^+ 

Purple Green Violet Yellow Green Blue Pink Green 

10, Transition metals have the tendency to form complex 
compounds, interstitial compounds and alloys. They and their 
compounds act as good catalysts. 

11. Iron, cobalt and nickel are termed ferrous metals. Copper, 
silver and gold are called coinage metals. Zinc, cadmium and 
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mercury are called zinc metals. Principal ores of iron, copper, 
silver, zinc and mercury are : 


Iron 


Copper 


Haematite 

Fe203 

Copper glance 

CU2S 

Magnetite 

Fe304 

Copper pyrites 

CiiFeS2 

Limpnite 

Fe203-3H20 

or Chalcopyrites 
Malachite 

Cu(OH)2-CuC03 

Sidmte 

FeC03 

Aznrite 

Cu(OH)2*2CuC03 

Inon pyrite 

FeS2 

Cuprite 

CU2O 

Silver 


Zinc 


Argentite or 

Ag2S 

Zinc blende 

ZnS 

silver glance 
Horn silver 

AgCl 

Calamine 

ZnCOs 

Mercury 

Cinnabar 

HgS 

Zincite 

ZnO 


12. There are three commercial varieties of iron : 

(i) Pig iron or cast iron : This is the most impure form. 
It c^htMhs abour2-^% carixm Mohg wffl 
amounts of Mn, Si, S, P, etc. It is hard and brittle- It 
cannot te welded. It is used for casting purpo^s. 

(ii) Wrought iron : It is the purest form. It contains not 
more than 0.5% impurities including carbon. It is soft, 
malleable and ductile. It can be welded. It can be easily 
magnetised- 

(iii) Steel : The carbon content is between 0,5 to 1,5%. It 
contains small amounts of other metals such as Cr, Ni, 
Mn, etc. 

13. Cast iron or pig iron is usually extracted from the oxide ore. 
It involves.the following steps : 

(i) Concentration by gravity process; (ii) Calcination in 
reverberatory furnace ; (iii) Smelting in blast furnace. The 
calcined oreis mixed with coke and Limestone and smelted in' 
the blast furnace where CO produced as a result of 
combustion of coke reduces Fe 203 into Fe. 

Fe 203 + CO-> 2FeO + CO 2 

FeO + CO-^Fe + C02 

CaCOs->Ca0 + C02 

Ca0 + Si02->CaSi 03 

Slag 

14. Steel is manufactured from cast iron or pig iron by Bessemer 
process, open hearth process or electric process. 
Spiegeleisen —an alloy of Fe, Mn and C is added during 
manufacture. Steel is given heat treatment in order to impart 
special properties. 

(i) Aimealiug : It involves heating of steel much below 
red heat and then cooled slowly. It makes steel soft. 

(ii) Quenching : It involves heating of steel to red heat 
followed by sudden cooling by plunging into water or 
oil. It makes steel hard and brittie. 

(iii) Tempering : It involves heating of steel which has 
already been quenched to a temperature 230-300®C and 
then allowed to cool slowly. It makes steel hard but 
brittleness disappears. 

Some special steels are : 

(i) Stainless steel (Fe, Cr, Ni, C). It is resistant to corrosion 


and is used for making utensils, cutlery and ornamental 
pieces. 

(ii) Invar (Fe, Ni). It has small coefficient of expansion and 
is used for making metre rods, i^ndulum rods and 
springs for watches. 

(iii) Manganese steel (Fe, Mn, C). It is very hard. It is used 
for making rock drills, almirah, etc. 

Ov) Ihngsten steel (Fe, W, C). It is hard and is used for 
making high speed cutting tools. 

(v) Alnico (Fe, Al, Ni, Co). It is highly magnetic and is used 
for making permanent magnets. 

15. Copper is extracted from chalcopyrites. The ore is concen¬ 

trated by froth floatation process, roasted in reverberatory 
furnace and then smelted in a blast furnace when molten 
‘matte’ containing CU 2 S + FeS (little) is obtained. It is 
transferred to Bessemer converter and heated with a blast of 
hot ahr, wh_en bli ster copper is obtained. ^ _ 

CU 2 S + 2 CU 2 O 6Cu +. SO 2 .^ 

Blister copper contains 96-98% copper along with small 
amoimts of Ag, Au, Ni, Zn, Pb, Sn, etc. It is further purified 
by poling prcx^ess and electrolytic process. 

Copper is used for making electrical wires, electroplating, 
coins and many u^ful alloys such p brap (Cu and Zn), 
bronze (Cu and Sn), german silver (Cu, Zn and Ni), constantan 
(Cu and Ni), rolled gold (Cu and Al), etc. 

16. Silver is extracted from argentite. It is concentrated by froth 
floatation process. The concentrated ore is ground to fine 
powder. This is treated with dilute solution (0,4 to 0.6%) of 
sodium cyanide and a cuirent of air is circulated. Silver present 
in the ore dissolves. 

Ag 2 S + 4NaCN 2NaAg(CN)2 + Na 2 S 

4Na2S + 5 O 2 + 2 H 2 O-> 2 Na 2 S 04 + 4NaOH + 2S 

Silver is precipitated from the solution by addition of zinc 
powder. 

2NaAg(CN)2 + Zn-> Na 2 Zn(CN )4 + 2Ag 

The precipitated silver is dried and fused with KNO 3 in a 
crucible. Liquid silver on cooling appears as a compact mass. 
The main impurities are lead, copper and gold. These are 
removed by cupellation and electrolytic processes. Silver is 
used, for making coins, ornaments, silverware and in 
electroplating. Silver salts are used in photography, silvering 
of mirrors and for making marking inks and medicine. 

17. Zinc is extracted either from zinc blende or calamine. When 
zinc blende is used the powdered ore is concentrated by froth 
floatation process. In case of calamine, the ore is concentrated 
by gravity process. The concentrated ore is heated in excess 
of oxygen at about 900®C. Zinc sulphide is oxidised to zinc 
oxide. 

2ZnS + 3 O 2 -> 2ZnO + 2 SO 2 

Reduction of oxide is done by carbon. 

ZnO + C->Zn+CO, ZnO + CO-^Zn + C 02 

Zinc is also recovered by electrolytic process. The roasted 
ore is dissolved in dilute sulphuric acid. The solution is freed 
from iron, aluminium and silica, etc. The solution is then 
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electrolysed by using a sheet of pure A1 as cathode and pure 
lead plate as anode. The zinc is removed from cathode by 
melting. The zinc obtained is 99.95% pure. 

The impure zinc obtained by reduction process is known as 
spelter. Granulated zinc is made by melting the metal in a 
crucible and pouring the drops in water. Zinc dust is made 
by melting zinc and then atomising it with a blast of air. Zinc 
is used in the manufacture of various important alloys such 
as brass, german silver, etc. The most important use of zinc 
is for galvanising iron. It is also used for extraction of Ag 
and Au, as a reducing agent in laboratory and zinc rods in 
making electric batteries. 

18. Mercury is extracted from cinnabar. It is concentrated by froth 
floatation process. The concentrated ore is then roasted in 
excess of air when mercury is obtained. 

HgS + O 2 - > Hg + SO 2 

The mercuiy is refmed by first passing itthrough ddute HN 
and then distdled. Mercury forms alloy s (amalgams) widi all 
metals except Fe and Pt. Hg is used in thermometers, mano¬ 
meters and barometers. 

19. (i) Copper sulphate (CUSO 4 5 H 2 O) is called blue vitriol. It 

is prepared by dissolving cupric oxide, cupric hydroxide 
or copper carbonate in dilute H 2 SO 4 . 

In CuS 04 ‘ 5 H 20 , the four water molecules are 
coordinated to control Cu^"^ ion while fifth one is 

7_ 

attached to SO 4 ion by H-bonding. 

With KI, it gives white CU 2 I 2 and free iodine. 

[2CUSO4 + 4 KI-> CU2I2 + 2K2SO4 +12] 

With excess of NH 4 OH, CUSO 4 gives deep blue solution 
due to complex formation. 

CUSO4 + 4NH4OH-> Cu(NH3)4S04 + 4H2O 

A mixture of CUSO 4 and Ca(OH )2 is used as a fungicide 
under the name of Bordeaux mixture. 

(ii) Silver nitrate (AgN 03 ) is called lunar caustic. It is 
obtained by dissolving silver in dilute nitric acid. On 
coming in contact with organic matter like skin or cloth 
it is reduced to silver giving a black stain. It gives 
different coloured precipitates with acidic radicals such 
as cr, Br", F, CrO|”, S^- S 20 |“, PO^, etc. 

It is used for making silver hahdes, as a laboratory 
reagent, silvering mirrors and for making marking ink. 

(iii) Out of AgCl, AgBr and Agl, AgBr is most sensitive to 
light and is used in photography. 

(iv) Hg forms two chlorides. Mercury (I) chloride, 
mercurous chloride (Hg 2 Cl 2 ) is also called calomel. 
It is nonpoisonous. It turns black when treated 
with ammonia due to deposition of Hg. The oxidation 
state of Hg is +1 but valency is 2, e.g., in Hg 2 ^ 
(——^Hg —) two atoms are joined together by a 
covalent bond. It is used for making calomel electrode 
and as a purgative in medicine. 

Mercury(II) chloride, Le., mercuric chloride (HgCy is 
also called corrosive sublimate. It is highly poisonous 
(corrosive) and undergoes sublimation. Its antidote is 


72i 

the white of an egg. It is less soluble in cold water but 
soluble in hot water and in organic solvent. It is a 
covalent compound. It is reduced by SnCl 2 and copper. 
Its very dilute solution (0.1%) is used as antiseptic. 

(v) Hgl 2 dissolves in excess of KI to form K 2 Hgl 4 . An 
alkaline solution of K 2 Hgl 4 is called Nessler’s reagent. 
It is used for the test of NH 3 or NH 4 ion. 

(vi) K 2 Cr 207 is prepamd from the chromite ore (Fe 0 -Cr 203 ). 
The finely powdered ore is mixed with sodium carbonate 
and the mixture is fused in reverberatory furnace in 
excess of air. The roasted mass is extracted with water 
and the solution is treated with cone, H 2 S 04 Na 2 S 04 ‘ 
IOH 2 O being less soluble crystallises our and is filtered. 
Hot solution of Na 2 Cr 207 is treated with calculated 
amount of KCl when K 2 Cr 207 crystals are obtained. 

4FeOCr203 + 8 Na 2 C 03 + 7 O 2 -> 

. 8 Na 2 Gf 04 +'' 2 Fe 203 + 8 UO^ 

.:.; ... SiOluble . : In.soluble.,.: == 

2Na2Gr04 + H2SO4-^ Na2Gr207 4 * Na2S04 + H2O 

Na 2 Cr 207 + 2Ka-> K^Cr 207 + 2NaCl 

It is an orange crystalline compound. It decomposes 
on heating to give K 2 Cr 04 , Cr 203 and O 2 . Its acidic 
solution contains dichromateions while alkaline solution 
contains chromate ions. It is a sfrong oxidising agent. 
Acidified solution is used as a primary standard in 
volumetric analysis for the estimation of reducing agents 
such as ferrous sulphate, oxalic acid, etc. On heating 
with a chloride (NaCl) and cone. H 2 SO 4 , red vapours of 
Cr 02 Cl 2 (chromyl chloride) are evolved. Its equivalent 
mass in acidic medium is mol. mass /6 = 49. 

(vii) KMn 04 is prepared from pyrolusite ore (Mn 02 ). The 
finely powdered ore is fused with KOH or K 2 CO 3 in 
presence of air or oxidising agent when K 2 Mn 04 
(manganate) is formed. It is oxidised chemically by using 
H 2 SO 4 , CO 2 or CI 2 or electrolytically. 

It is a deep purple crystalline compound, moderately 
soluble in water. It decomposes when heated giving O 2 * 
It acts as a strong oxidising agent in neutral, alkaline 
and acidic media. The acidified KMn 04 (dil. H 2 SO 4 ) is 
used as a volumetric reagent. It is not a primary 
standard, it is first standardise and then used. Its 
equivalent mass in acidic medium is mol. mass/5 = 31.6. 
Alkaline KMn 04 solution is calie Baeyer’s reagent 
used in organic analysis. It has tetraheral structure. 

20. The /-block elements (inner transition elements) are placed 

outside the periodic table. Their general configuration is : 

(rt - 2)/*"^'* (n - ‘n? 

There are two series : 

(a) 4f-series: 4/-orbitals are gradually filled up. These are 
14 elements from Ce (58) to Lu(71) and are called 
lanthanides as these show similarities with La(57). 

(b) : 5/-orbitals are gradually filled up. These are 
also 14 elements from Th (90) to Lr (103) and are called 
actinides as these show similarities widi actinium. 
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Ac (89). These are radioactive elements. Most of these 
are man-made. 

21. There is gradual decrease in the atomic and ionic sizes of 
these metals along the series. These are called lanthanide 
contraction and actinide contractions. Lanthanide contrac¬ 
tion is responsible for various changes in chemical properties 
of the elements succeeding them. 

22. All the lanthanides are rather soft white metals. They react 
easily with water to give solutions giving +3 ions. The 
principal oxidation state is +3 although +4, +2 oxidation states 
are also exhibited. Those having +2 {i.e ., Sm^"^, Eu^"^ and Yb^"^) 
change to +3, and act as reducing agents. Those having +4 
tend to change to +3 and act as oxidising agents. The 
maximum oxidation state shown by actinides is +7. U, Np and 
Pu show oxidation state of + 6 . However, all the actinides als® 

. show +3 oxidation state. 

23. Paramagnetism is shown by the positive ions of lanthanides 
exce]^ La^'*'(47^) and ~Lu^(^^'^). Most the frivaleht 
lanthanide ions are coloured. This is due to /-/ transition. 
Actinide cations are also generally coloured. The cations 
having 5/^ or sf or 5/^^ configuration are colourless. 

24. La(OH )3 is most basic while Lu(OH )3 is least basic. 

25. The inertness exhibited by certain nietals under conditions 
when chemical activity is to be expected is called passivity. 
Iron is rendered passive by oxidising agents like cone. HNO 3 , 
cone. H 2 SO 4 , KMn 04 , chromic acid, etc. The passivity of iron 
is believed to be due to formation of an extremely thin film of 
oxide on the surface. Passive iron can be made active by 
scratching or removing oxide film chemically. 

26« There are many compounds of transition metals which are 
used as catalysts. For example : 

Adam’s catalyst — Pt/PtO 

Brown’s catalyst — Nickel boride 

Zeigler-Natta catalyst — TiCl 4 + (C 2 H 5 ) 3 A 1 

Wilkinson’s catalyst — [Ph 3 P]RhCl 

27. There are many compounds of transition elements which are 
used as reagents in laboratory or industry. For example, 
Baeyer’s reagent — Dilute alkaline soln. of KMn 04 
Tollen’s reagent — AgN 03 soln. + NaOH soln. 

+ NH 4 OH 

Schweitzer’s reagent — [Cu(NH 3 ) 4 ]S 04 
Nessler’s reagent — Aik. soln. of K 2 Hgl 4 
Benedict’s solution — CUSO 4 soln. + sod. citrate 
+ Na 2 C 03 

Fehling’s solution — CUSO 4 soln. + sodium potassium 
tartrate 

Fenton’s reagent — FeS 04 + H 202 

Etard’s reagent — C 1 O 2 CI 2 

Bordeaux mixture . — CUSO 4 soln. + lime 

Lucas reagent — Cone. HCl + anhydrous ZnCl 2 

Barfoed’s reagent — Cu(CH 3 COO) 2 +CH 3 CC)OH 

28. Some of the substances having compounds of transition 
metals are given special names. 
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Paris green — Cu(CH3C00)2*3Cu(As02)2 

Rinnmann’s green — ZnO-CoO or CoZn02 (Cobalt zincate) 
Verdigris — Cu(CH 3 COO) 2 Cu(OH )2 



Calomel — Hg 2 Q 2 

Corrosive sublimate — HgQ 2 
Lunar caustic — AgN 03 
Philospher’s wool — ZnO 
or pompholyx 

Blue vitriol — CuS 04 * 5 H 20 (Nila Thotha) 

Green vitriol — FeS 04 - 7 H 20 (Harakasis) 

Horn silver — AgCl 

Mohr ’s salt_— FeS 0 4 (NH4) 7SQ4-6H20_^__ 

Pmss ian blue_ — Fe 4 [Fe(CN)ftE _ 

White viMol — ZnSd4*7H20 

Vermilion — HgS 

Purple of cassius — Colloidal gold solution 

Fool’s gold — FeS 2 or CuFeS 2 

Titanox ' — TiQ 2 + BaS 04 _ 

Lithophone — ZnS + BaS 04 

Vaska’s compound — Trans IrCl (CO) (PPh 3)2 

29. Finely reduced form of platinum in the form of velvety black 
powder is called platinum black. 

30. Titanium has been called ‘The wonder metal’ because of its 
useful properties. It is very hard, very light and has high 
melting point. 

31. Mischmetal, an alloy which contains rare earth elements (94- 
95%), iron (5%) and traces of sulphur, carbon, silicon, calcium 
and aluminium. It is pyrophoric and is used in cigarette and 
gas lighters, tracer bullets and shells. The main rare earth 
elements present in this alloy are cerium (~ 40%), lanthanum 
and neodymium (~ 44%). 

An alloy containing magnesium and about 3% mischmetal is 
used in jet engine parts. 

32- Technitium (Z = 43) does not occur in nature. It is a synthetic 
element. It was discovered, in 1937, by Segre. 

Promethium (Z = 61) does not occur in nature also. 

33. (a) Rolled geld is an alloy of Cu (95%) and A1 (5%) and is 
used for artificial jewellery. 

(b) Impure zinc is called spelter. 

(c) German silver does not contain silver. It is an alloy of 
Cu (56%), Zn (24%) and Ni (20%). 

(d) Iron does not form amalgam with mercury. 

(e) Sterling silver is an alloy of Ag (80%) and Cu (20%). 

(f) PermaUoy (Fe 21%, Ni 78% + C) is strongly magnetised 
by electric current but loses magnetism when electric 
current is cut off. 

(g) Alnico (Fe = 60%, A1 = 12%, Ni = 20% and Co = 8%) is 
highly magnetic and is used for permanent magnets. 
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Subjective Type Questions 


1. How do the following properties vary in the transition 
elements? 

(a) Atomic size : 

(b) Stability of various oxidation states 

(c) Ionisation energy 

2. Explain the following: 

(a) Mo^cury is a liquid. 

(b) Why CUSO 4 is blue while ZnS 04 is white. 

(c) Why zinc and cadmium are soft metals. 

3. (a) Which one out of the each of following pairs is more 

stable? 

(i)€r?^ (ii) Fe^ Fe?+ (m) Mn^, MnOi ’ 

(b) Which one^ of the following-tend to be an oxidising or 
reducing agent? 

(i) C?* (n) CrjOf- (iii) MnOJ (iv) 

4. Predict the spin only megnetic moment for: 

(a) Fe^^ (bl Mn^"" (c)Cr^ (d)Cu'' 

5. Answer the following; 

(i) Name the lightest and heaviest elements in terras of 
density among die transition elements. 

Cii) Name the transirion ^element which does not show 
variable oxidation states. 

(iii) Name the member of lanthanide series which is well 
known to exhibit +4 oxidation state. 

(iv) The +3 oxidation state of lanthanum (Z=57), gadolinium 
(Z = 64) and lutetium (Z = 71) are especially stable. 

(v) Why lanthanides are paramagnetic in nature? 

6. What happens when? 

(i) Hot and concentrated nitric acid reacts with copier. 

(ii) Copj^r sulphate reacts with potassium iodide. 

(iii) Ammonia solution is added to copper sulphate solution. 

[MX.NJt 1991] 

(iv) Cupric chloride is heated with concentrated HCl and 
copper turnings. 

(v) Copper is heated with concentrated H 2 SO 4 . 

(vi) Potassium iodide is added first and ften sodium 
thiosulphate to a solution of copper sulphate. 

(vii) Sulphur dioxide is circulated through a solution of copper 
sulphate containing sodium chloride. 

(viii) Silver chlcride is treated widi excess of ammonium 
hydroxide. 

(ix) Gold is dissolved in aqua-regia. 

(x) Sodium thiosulphate solution is added to silver 
bromide. 

7. What happens when? 

(i) Excess, of caustic soda solution is added slowly to zinc 
chloride solution. 

(ii) Excess of ammonium hydroxide solution is added to zinc 
chloric solution. 

Oii) Mercuric chloride is heated with NH 4 OH. 


(iv) Mercurous chloride is treated with NH 4 OH. 

(v) Potassium iodide is added in excess to the solution of 
ferric sulphate. 

(vi) Potassium permanganate solution is added to ferrous 
sulphate solution in presence of sulphuric acid. 

(vii) Potassium nitrite reacts with cobalt chloride in presence 
of acetic acid. 

(viii) H 2 S is circulated through acidic solution of ferric 
chloride. 

8 . What happens when the following chemical compounds are 
heated? 

(i) Silver nitrate (ii) Blue vitriol 

(iii) White vitriol (iv) Green vitriol 

(v) Hydrated zinc chloride (\i) MerciSous cW^^ 

(vii) Zinc carbonate (viii) Mercuric nitrate 

(k) Zinc nitrate (x) Mercuric oxide 

(xb Hydrated ferric chloride (m) Cupric nitrate 

9. Complete and balance the following equations : 

(i) CUSO 4 + Na 2 C 03 +H 20 -» ... + Na 2 S 04 + . 

[LLT 19921 

(ii) CUSO 4 + NH 4 OH-> . 

(iii) AgBr + Na 2 S 203 -> [hhT. m3} 

(iv) CUSO 4 + KI- >... 

(V) CUSO 4 + KCN— 

(vi) Ag^ + ASH 3 + . . .-^H 3 As 03 + H*^ +. . . 

(vii) Ag + CN~^+ 02 +...-^OH"+... [Roorkee 1996] 

(viii) HgCl 2 + SnCl 2 - >... 

Cix) CdS 04 +NH 40 H-^... 

(x) HgCl 2 + SO 2 + ...-^ ... 

(Xi) [Fe(H20)6]^+ + NOi + H""- >... + [Fe(H20)6]^ VH 2 O 

[Fe(H20)6f * +... -» ... + H 2 O [1.LT. 1!»931 

(xii) FeCl 3 -f H 2 S- >... 

(xiii) Mn 04 + Fe^^^^Mn^''+Fe^'' + H 20 

(Acidic medium) [Roorkee 1996] 

(xiv) Fe^^ + NO 3 + H^- > Fe^^ + ... + H 2 O [Roorkee 1996] 

(xv) FeCl 3 +KI- 

(xvi) Ag 2 S + 2 CuCl 2 + 2Hg + S + 2Ag 

[Roorkee 1998] 

(xvii) Au + HCl + HNO 3 ->.+ H 2 O [Roorkee 1999] 

(xvui) Cu(OH )2 + NH 4 NO 3 + NH 4 OH- >,.. + H 2 O 

[Roorkee 1999] 

10. How will you obtain the following? 

(i) Cuprous chloride from copper sulphate. 

(ii) Silver nitrate from silver, 

(iii) Silver from silver nitrate. 

(iv) Mercury from corrosive sublimate. 

(v) Zinc chloride jfrom zinc sulphate. 

(vi) Anhydrous ferric chloride from iron. 

(vii) Feme chloride from ferrous sulphate. 
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11. Give the balanced equations for the: 

(i) Reaction of argentite with KCN. Name the products in 

solution. [IXT. 1996] 

(ii) Recovery of silver from silver coin. 

(iii) Extraction of copper from copper pyrites by self 

reduction. [LIT. 1990] 

(iv) Extraction of zinc from zinc blende. 

(v) Reactions occurring in blast furnace in the extr^tion of 
iron. 

12. Name two principal ores of each of the following metals: 

(i) Copper (fr) Silver (iii) Zinc (iv) Mercury (v) Iron 

13. Give the constituents of following alloys: 

(i) Brass (ii) German silver (iii) Bronze (iv) Rolled gold 
(v) Constantan (vi) Invar (vii) Stainless steel (viii) Gun 
metal 

14. Answer the foUowingt 

(i) What are ^^block elements? 

(ii) WhaUs the general elecfrohic configuraHm 

■ elements"?;r\,: , :.'■ 

(iii) Name three characteristic properties of d~block elements. 

(iv) Name the first and last element of 3d“series. 

(v) Name the two elements of 3d-series which show 
anomalous electronic configuration. 

(vi) Transition elements form alloys easily. What is the 
reason? 

(vii) Which ions of first transition series show highest 
paramagnetism? 

(viii) Why the compounds of transition elements are 
coloured? 

(ix) Why Fe^"*" compounds are more stable? 

(x) Why most of the compounds of transition elements are 
paramagnetic? 

(xi) What is the maximum oxidation state of manganese? 

(xii) What is the maximum oxidation state of chromium? 

15. Write short notes on the following: 

(i) Refining of blister copper (ii) Silver plating 
(iii) Silvering of mirrors (iv) Poling process 
(v) Cupellation process (vi) Galvanisation 
(vii) Lithopone (viii) Nessler's reagent 

(ix) Passivity (x) Heat treatment of steel 

(xi) Corrosion of iron (xii) Types of iron 

16. Explain the following giving proper reason. 

(i) Anhydrous ferric chloride cannot be obtained by heating 
hydrated ferric chloride. 

[Hint : On heating, it reacts widi water of crystallisation and 
' converted into Fe 203 with evolution of HCL 

2[FeCl3 6 H 2 O]-> Fe203 + 6HC1 + 9 H 2 O] 

(ii) ZnO is used as a white paint inspite of the f^t that it 
has less covering power than white lead. 

[Hint : ZnO is not blacken^ in atmosphere of hydrogen 
sulphide. It can be used both as oil and water paint. 
It is non-poisonous in nature.] 

(iii) CUSO 4 is paramagnetic while ZnS 04 is diamagnetic. 
[Hint : Cu^'*' ion has 3d^ configuration, ie., one unpaired 

orbital while Zn^^ ion has 3^^^^ configuration, ie., all 
orbitals doubly occupied.] 
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(iv) Hydrated zinc chloride cannot be dehydrated on heating?, 
[Hint : On heating it reacts with water of crystallisation and 

forms zinc oxychloride. 

2ZnCl2-2H20-> Zn20Cl2 + 2HC1 +'3H20] 

(v) Zinc is used in the galvanisation of iron, 

[Hint : Zinc coating protects the iron from corrosion as zinc 
is not affected by oxygen and water.] 

(vi) Poling process is used in the purification of copper. 
[Hint : The oxide of copper which remains in the copper 

(blister) is reduced by introducing poles of green 
wood. The gas (hydrocarbons, CO, H 2 , etc.) bubbles 
originating from the wood act as reducing agents. The 
mass is stirred with these green poles vigorously.] 

(vii) A solution of ferric chloride gives a brown precipitate on 
standing. 

[Hint : Hydrolysis of ferric chloride occurs giving finely 
brown precipitate. 

..Feei3-^-3B^G'';^”Fe(0H)3-F”3Ha.. 

V 2Fe(GH)3 =^Fe2O3-i-«20] 

Brown 

(viii) Transition metals and their compounds act as catalysts. 
[Hint : Because of the availability of ^-orbitals they can easily 
form intermediate products which are activated. The 
sizes of transition metal atoms and ions are also 
favourable for transitory complex formation with the 
reactants.] 

(ix) In moist air copper corrodes to produce a green layer on 
the surface. [ITX 1998] 

[Hint : Copper in presence of moisture oxygen and carbon 
dioxide of atmosphere is converted into basic carbonate 
which is deposited as green layer on surface. 

2Cu + CO 2 + H 2 O + O 2 -> Cu( 0 H) 2 CuC 03 ] 

17. Due to lanthanide contraction which properties are expected 
to be similar in the same vertical columns of the second and 
third row transition elements besides atomic radii? 

18. Calculate magnetic moments of ions of Ti(Z=22), 
Cr(Z=24), Mn(Z=25) and Cu(Z=29) and airange them in 
increasing order. 

19. Explain by giving suitable reason. 

(i) Yellow coloured aqueous solution of sodium chromate 
changes to orange-red when CO 2 under pressure is 
passed. 

[Hint : CO 2 gives FC ions which are responsible for the 
convei^ion of chromate into dichromate (orange-red). 

CO 2 +H 2 O 

■ 2CrO|^ + 2H''-> CriOl^+HaO] 

(ii) CO 2 is evolved when NaHC 03 is added to FeCl 3 
solution. 

[Hint : Fea 3 undergoes hydrolysis giving HCl which reacts 
with NaHC 03 to form CO 2 . 

FeQa + 3 H 2 O Fe(OH )3 + 3HC1 
NaHCOa + HCl NaCl + H 2 O + CO 2 ] 

(iii) Green solution of potassium manganate, ^rns 

purple when CO 2 is circulated. 

[Hint : CO 2 gives ions which are responsible for 
conversion of MnO^” into MnOJ (purple). 
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CO 2 +H 2 O ^ H'"+HCOi 
3MnO|” + 4IE-> 2MnOi + MnOi + 2 H 2 O] 

Green Purple 

(iv) and salts are colourless. 

24* 24 10 

[Hint : Hg andHg 2 salts have configuration, I.e, there 

is no d-d transition, hence colourless.] 

(v) Cu^"^ salts are paramagnetic while salts are diamag¬ 
netic in nature. 

[Hint : configuration is 3ri^(one orbital is singly 

occupied)—^Paramagnetic; Cu”*" configuration is 3 d^^ 
(all orbitals are doubly occupied)—^Diamagnetic.] 

20 . Explain: 

(a) Why is K2Cr207 generally prefeired to Na2Cr207 in 
volumetric analysis? 

[Hint : K 2 Cr 207 is not hygroscopic and can be used as 
stahdi^d 

(b) Which divalent metal ion has maximum paramagnetic 
character among the first transition metals? Why? 

[Hint : Mn^*^. It has maximum number of unpaired electrons.] 

(c) HgCl2 and SnCl2 cannot exist together in an aqueous 
solution. Why? 

[Hint : SnCl 2 is a strong reducing agent. It reduces HgCr 2 to 
Hg. 

2 HgCl2 + SnCl 2 -^ Hg 2 Cl 2 + SnCU 

Hg 2 Cl 2 + SnCl 2 -^ 2Hg + SnCUl 

(d) Why does AgN03 produce a black stain on the skin? 
[Hint : In the presence of organic matter and light, AgN 03 

decomposes to give a black stain of metallic silver. 

2AgN03-^ 2Ag + 2 NO 2 + O 2 ] 

(e) How the colour of K2Cr207 solution does depend on pH 
of the solution? 

[Hint : In the solution, the following equilibria exists: 

Cr 207 " + H 2 O ^ 2CiO|'' + 2if 
In acidic medium (pH < 7), it exists as € 1207 “ ions 
and has orange colour while in basic medium (pH>7), 
it exists as Cr 04 ions and has yellow colour.] 

■ Matching Type Questions 

Match the following: 

[A] (i) Corrosive sublimate (a) Hg2Q2 

(ii) Vermilion (b) Impure zinc 

(iii) Calomel (c) K2Hg]4+KOH 


(iv) Lithopone 

(v) Zinc oxide 

(vi) White vitriol 

(vii) Spelter 

(viii) Rinmann’s green 

(ix) Nessler’s reagent 

(x) Pharash’s serpent 

(xi) Calamine 

(xii) Cinnabar 

[B] (i) Lunar caustic 

(ii) Blue vitriol 

(iii) Malachite 

(iv) Argentite 


(v) Blister copper 
(Vi) Brass 
(vii) Light sensitive 
(viii) Matte 

(ix) Verdigris 

(x) Tenorite 
[Cl (i) Green vitriol 

(ii) Haematite 

(iii) Siderite 

(iv) Prussian blue 

(v) Mohr’s salt 

(vi) Pig iron 

(vii) Wrought iron 
(viii) Steel (stainless) 

(ix) Resistant of corrosion 

(x) Magnetic oxide 
[D] (i) Standard electrode 

(ii) Silvering of mirrors 

(iii) Electric wiring 

(iv) Steel manufacturing 

(v) Pig iron 

(vi) Parkes process 

(vii) White vitriol 
(viii) Deacon’s process 


(d) Cobalt zincate 

(e) Hg(CNS)2 

(f) An ore of mercury 

(g) An ore of zinc 
(b) HgCl2 

(i) Zinc sulphate 

(j) (BaS04+ZnS) 

(k) Red form of HgS 

( l ) A white pigment 

(a) Basic copper acetate 

(b) Impure copper 

(c) Black oxide of copper 

(d) Mixture of copper 

sulphide and iron 
sulphide _ 

(e) Silver nitrate 

(f) An ore of silver 

(g) An ore of copper 

(h) An alloy of copper 

(i) Copper sulphate 
Q) Silver bromide 

(a) Fe4[Fe(CN)6]3 

(b) Impure iron 

(c) FeS04(NH4)2S04*6H20 

(d) An alloy of iron 

(e) Pure iron 

(f) Mixed oxide 

(g) An ore of iron 

(h) Galvanised iron 

(i) Ferrous sulphate 
(FeS 04 - 7 H 20 ) 

(j) FeC03 

(a) Open hearth furnace 

(b) Blast furnace 

(c) ZnS04*7H20 

(d) Silver 

(e) Cupric chloride 

(f) HgjQa 

(g) Copper metal 

(h) AgNOs 
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(iii) + 2 NH 4 OH-> Hg(NH 2 )Cl + NH 4 CI + 2 H 2 O 


Answers t Subjective Type Questions 

1. See the treiKis in propeiti^. 

2. (a) No metallic bond foomtion is present. 

(b) in CUSO 4 has [Ar] 3d^4f configuration. It can undergo 
d-d transition. It absorbs red region of the visible light and hence 
CUSO 4 appears blue as blue is comphmentary colour of red. 

In ZriS 04 , Zn^*^ has 3d^^4s^ configuration. It cannot undergo 
d-d transition, hence it appears colourlesi 

(c) Zn and €d have no unpaired electron and thus there is no metallic 
boniding. Hence, they are soft in nature. 

3 . (a)(i)-Cr^'^ (u) Fe^'*' (iu) Mn^'^ 


(b) (i) reducing agent (M) oxidising agent (iii) oxidising ^igent 
(iv) reducing agent. 


Ibn Electronic 

Confipiration" 

No, of unpaired 
electrons 

Magnetic 

moment 

(a) Fe^'^ : [Ar] 3rf,®*o 

.4. 

4 ^ bm 

(b) Mn^'^ [Ar] 

5 

5.96 BM 

(c) Cr®* [Ar] 3rf“4/ 

0 

0 BM 

(d) Cu"' [Ar] 3d“4/ 

0 

0 BM 


5 . (i) Scandium (density 3.43 g cm”^) and osmium or indium (density 

22.59 and 22.61 g cm'"^ resp.) 

(ii) Scandium. It shows only +3 oxidation state. 

(ui) Cerium (Z = 58 ). It has configuration [Xe] 4 /' 5 d' 6 s^. After 
losing 4 electrons, it acquires inert gas configuration. 

(iv) This is because they have 4 /^, 4f (half-filled) and 4 /^"^ (fully 
, filled) subshell respectively. 

(v) All the lanthanides except and Lu^^ contain unpaired 
electrons. 

6. (i) Cu + 4HN03(Conc.) ^ Cu(N03)2 + 2NO2 +2H2O 

(ii) 2CUSO4 + 4 K 1 —'—^ C}u2l2'^^^2^f^4 I2 

(iii) CUSO4 + 4NH4OH-> [Cu(NH3)4]S04 + 4H2O 

Tetrammine cupric sulphate 

(iv) CuCli + Cu CU2CI2 

(v) Cu -I- 2H2SO4- i CUSO4 + SO2 + 2H2O 

(vi) 2CUSO4 + 4 ia —4 CU2I2 + 2K2SO4 -I-12 

I2.+ 2Na2S203-> 2NaI + Na2S406 

2CUSO4 + 410 + 2Na2S203—^Cuafc + 2K^04 -1- 2 Nal -h NaaS^g 

(vii) 2CuS0442NaCi4TO2+2H^ -> Cu2Ci24Na2SQ4+2H2S04 

(viii) AgCl + 2NH4OH —Ag(NH3)2Cl + 2H2O 

(ix) 2 Au + 3HNO3 + llHCl -—^2HAua4 + 3NOCI + 6H2O 

Chlorcmuric €h1ori<^ 

(X) AgBr + INaiSjOj -» Na3[Ag(S203)2] + NaBr 

Sodium argentothiosulphate 

7 . (i) Zna2 + 2 NaOH-> Zn(OH)2 + 2 NaCl 

Zn(0H)2 + 2 NaOH-> Na2Zn02 + 2H2O 

ZnCl2 + 4 NaOH-> Na2Zn02 + 2 NaCl + 2H2O 

Sodium zincate 

(ii) ZnCl2 + 2NH4OH-> Zn(OH)2 + 2NH4CI 

Zn(0H)2 4 2NH4CI + 2NH4OH-> [Zn(NH3)4]Cl2 + 4H2O 

Tetrammine zinc chloride 

ZnCl2 + 4NH4OH -—> [Zn(NH3)4]a2 + 4H2O 


(iv) Hg 2 Cl 2 + 2 NH 40 H -> Hg(NH 2 )Cl + Hg +NH 4 CI+ 2 H 2 O 

Greyish black 

(v) Fe2(S04)3 + 2KI-> 2FeS04 + K2SO4 + I2 

(vi) 2KMn04 + 3H2SO4-> K2SO4 + 2MnS04 + 3H2O + 5[0] 

[2FeS04 + H2SO4 + [O]-> Fe2(S04)3 + H2O] x 5 

2KMnO4+8H2SO4+10FeSO4-> 5Fe2(S04)3+K2S04+2MnS04+8H2G 

(vii) [C 0 CJ 2 + 2 KNO 2 -> Co(N 02)2 + 2 KC!] x 2 

[Co(N 02)2 + 4 KNO 2 -> K 4 Co(N 02 ) 6 ] X 2 

[KNO2 + CH3COOH-> CH3COOK + HNO2] X 2 

... 2 lfa 02 ...—H^,. 2 NO_+_l 2 ^ 

2K4 Co(N 02)6 +^H20 + [Ol -^ 2K3 Co(N 02)6 * 2KOH 
[KOH 4 CH3COOH-> CH3COOK + H2O] X 2 

Pot. cobaltiniirifie 

+ 4KC1 + 2NO + 2 H 2 O 

or CoCla + TKNOa + 2 CH 3 COOH-> K 3 Co(N 02)6 + 2 CH 3 COOK 

+ 2KC1 + NO-i-HaO 

(viii) 2FeCl3 + H2S-^ 2FeCl2 + 2HC1 + S 

8 p (i) On heating above its melting point, it decomposes to silver 
nitrite and oxygen. 

2AgN03-> 2 AgN 02 + O 2 

When heated at red heat, it further decomposes to metallic silver. 

AgN02-> Ag + NO2 

or 2AgN03-> 2Ag + 2NO2 + O2 

(H) CuS 04-5H20 CUSO 4 H 2 O CUSO 4 » 

Blue Bluish white White 

CuO + SO3-» SO2 + |02 

(iii) ZnS04-7H20 ZnS04-H20 ZnS04 ^^ZnO 

White Anhydrous 

+ SO2+IO2 

(iv) 2 FeS 04 . 7 H 20 2 FeS 04 F^Oj + SO 2 + SO, 

Green ^ 

. (v) ZnCl2*2H20-> Zn(OH)CI -h HCl + H2O 

or 2Zna2-2H20 -> Zn20Cl2 + 2HC1 + 3H2O 

Zinc oxychloride 

(Vi) Hg 2 a 2 - >HgCl 2 + Hg 

(vii) ZnC03-> ZnO + CO2 

(viii) 2 Hg(N 03)2 -^ 2HgO + 4 N 02 + O 2 

or 2 Hg(N 03)2 -> 2Hg + 4 NO 2 + 2 O 2 

(ix) 2Zn(N03)2 —4 2ZnO -i- 4NO2 + O2 

(X) 2HgO^ - >2Hg + 02 

(xi) 2[FeCl3.6H20]-> FeaOj 4 6HCI -1- 9H2O 

(xii) 2 Cu(N03)2-^ 2C:uO -h 4NO2 + O2 

9 p (i) 2CUSO4 + 2Na2CX)3 + H2O-> CuC03 Cu(0H)2 

+ 2 Na 2 S 04 4 CO 2 
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(ii) CUSO4 + 4NH4OH :-> Cu(NH3)4S04 + 4H2O 

' (iii) AgCl + 2Na2S203-^ Na3Ag(S203)2 + NaCl 

(iv) 2CUSO4 ^ 4KI CU2I2 + 2KiS04 + I2 

(v) 2CUSO4 + lOKCN—^ 2K3 Cu(CN)4 + (CN)2 + 2K2SO4 

(vi) 6Ag^ + AsH3 + 3H20;-^ 6Ag 4- 6H’' + H3ASO3 

(vii) 4Ag + 8CN" + O2 + 2H2O-^ 40H- + 4[Ag(CN)2]" 

\(viii) HgCb + SnCb-> Hg + SnCb 

(ix) CdS04 + 4NH4OH-> Cd(NH3)4S04 + 4H2O 

(x) 2HgCl2 4- SO2 4 2H2O -> Hg2Cl2 + 2HC1 + H2SO4 

(xi) 3[Fe(H20)6]^"’ + N03+4H^-> NO + 3[Fe(H20)6]^'*^ + 2H2O 

[FeCHaOe]^'" + NO-> [Fe(H20)5N0]^'^ 4 H2O 

(xii) 2FeCl3 + H2S-> 2FeCl2 + 2HC1 + S 

(xiii)Mn0i4-5Fe^'^^4-SH-^-^-Mn^-^-+-5Fe^-+-4H20-... 

: 0 m •3Fe^‘'-.4-N03.+ 4M-* 3Fe^"^-4 NO' + ,2H20 ' ' 

(xv) 2FCI3 4 2KI-^ 2Fea2 4 2KC1 4 I2 

(xvi) Ag 2 S 4 2Hg 4 2CuCl2-> CU 2 CI 2 4 Hg 2 Cl 2 4 2Ag 4 S 

(xvii) An 4 4HC1 4 HNO3-> HAuClt 4 NO 4 2H2O 

(xviii) Cu(OH)2 4 2NH4NO3 4 2NH4OH ^ Cu(NH3)4(N03)2 4 4H2O 

10. (i) 2CUSO4 4 2NaCl 4 SO2 4 2H2O —^’ Cu2Cl2 4 Na2S04 

Cuprous chloride 

4 2 H 2 SO 4 

(ii) Ag 4 2HN03(conc.)-> AgN03 4 NO2 4 H2O 

(iii) 2AgN03 4 Zn-> 2Ag 4 Zn(N03)2 

(iv) HgCl2 4 SnCl2-> Hg 4 SnCl4 

(v) ZnS 04 4 NaHC 03 -> ZnC 03 4 NaHS 04 

ZnC03 4 2HCl(diL)-> ZnCl2 4 H2O 4 CO2 

(vi) 2Fe 4 3012-> 2FeCl3 

(By passing chlorine over heated iron fillings.) 

(vii) 2FeS04 ..> Fe203 4 SO2 4 SO3 

Fe203 4 6HC1 —4 2FeCl3 4 3H2O 

11. (i) Ag2S 4 4KCN ^ 2KAg(CN)2 4 K2S 

Pot. argentocyanide 

The above reaction is reversible. To dissolve Ag2S in KCN, air 
is blown through solution. 

4K2S 4 5O2 4 2H2O-> 2K2SO4 4 4KOH 4 2S 

(ii) Coin is dissolved in nitric acid. Silver nitrate is present in the 
solution. HCl is added to precipitate AgCl which is fused with 
Na2C03 to recover Ag. 


FeO 4 Si02- > FeSi 03 (Slag) Smelting 

CU 2 O 4 FeS -—^ CU 2 S 4 FeO 
CU 2 S 4 2 CU 2 O-> 6Cu 4 SO 2 Bessemerisation 

(iv) 2ZnS + 3 O 2 2Zii,0+2S02 

Roasting in reverberatory furnace 
ZnO 4 C-^ Zn 4 CO Reduction 

(v) Combustion zone 

C 4 O 2 —-4 CO 2 4 97,0 kcal 

CO 2 + 2CO 

Reduction zone 


3Fe203 + CO 2Fe304 + CO 2 

Fe 304 + 3FeO + CO 2 

' FteO + CO ) Fe + COa 
Slag formation zone 

CaCOj CaO + CO 2 


CaO 4 Si02 ■ 
P 4 O 10 4 IOC - 
Si02 4 2C - 
M 11 O 2 4 2C - 


CaSi 03 (Slag) 
4P 4 KCO 
> Si 4 2CO 
^ Mn 4 2CO 


12 . 


Tliese are partly absorbed by iron. 


(i) 

(ii) 

(iii) 

(iv) 

(V) 


Copper pyrites, CuFeS 2 ; 
Argentite Ag 2 S; 

Zinc blende ZnS; 
Cinnabar HgS; 


Copper glance; CU 2 S 
Argentiferous lead 
Calamine ZnCOs 
Small quantities of Hg 
occur in free condition 
Magnetic Fe 304 


13. 


Haematite Fe 203 ; 

(i) Cu and Zn (ii) Cu, Zn and Ni (iii) Cu and Sn (iv) Cu and Ai 
(v) Cu and Ni (vi) Fe and Ni (vii) Fe, Cr and Ni (viii) Cu, Sn 
and Zn 


14. (i) The elements in which differentiating electron is accommodated 
in the J-subshell are called ^f-block elements, (ii) {n~V)d^''^^ns^ 
(iii) (a) Formation of coloured compounds (b) Formation of complex 
compounds (c) Paramagnetic in nature (iv) Scandium, Zinc 
(v) Chromium, Copper (vi) Nearly same atomic radii (vii) Fe^'*' and 

(viii) d-d transition by absorbing part of visible light 

(ix) 3^^ configuration, Le,, all the five orbitals are singly occupied 

(x) Presence of unpaired electrons (xi) 4? (xii) 46 . 

15. See text. 

17. Lattice energies, solution energies and ionisation energies. 

18. S ; Cr^''= /24 ; Mn^”^= ; Cu^”'= ^f3 

Cn^^< Ti^"" < Cr^"" < 


Answers : Matching Type Questions 


AgNOa 4 HCl-> AgCl 4 HNO3 

2 AgCl 4 Na2C03-> AgsCOs 4 2 NaCl 

Ag2C03 -> 2 ^ 4 CO2 4 2 O2 

(iii) 2CuFeS2 4 O2 ^ CU2S 4 2 FeS 4 SO2 
Copper pyrites 

2CU2S 4 3O2-^ 2CU2O 4 2SO2 Roasting 

2 FeS 4 3O2 —4 2 FeO 4 2SO2 


[A] (i—h); (ii—k); (iii—a); (iv—j); (v—1); (vi—i); (vii—b); 

(viii—d); (ix—c); (x—€); (xi—g); (xii—f). 

[B] (i^); (ii—i); (iii-g); (iv—t); (v-b); (vi-h); (vii-j); 

(viii—d); (ix—a); (x—c). 

[C] (i—i); (ii—g); (iii—j); (iv—a); (v—c); (vi—b); (vii—e); 

(viii—d); (ix—^h); (x—f). 

[D] (i—f); (ii—h); (iii-g); (iv—a); (v—b); (vi—d); (vii—c); 

(viii—e). 
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GR.B. Inorganic Chemistry for Competitions 


QUESTIONS BASED ON THE PROPERTIES 


1 , An unknown inorganic compound (A) gave the following 
reactions: 

(a) The compound (A) on heating gave a residue and a 
gaseous mixture of NO2 and oxygen. 

(b) The compound (A) with tap water gave a turbidity which 
did not dissolve in cone. HNO3. 

(c) The ^ueous solution of (A) gave a white precipitate with 
sodium chloride solution. The precipitate dissolves in 
excess of ammonium hydroxide. 

Identify the compound (A) and give the balanced equations. 
[Ans. The compound (A) is AgNOs 

(a) 2AgN03-^ 2 Ag + 2NO2 + O2 

.,(.h).... ... A.^1 .-hMOi .:.. 

(Tap water) 

(c) AgNOs + N^l AgCI + 1^63 ■ 

AgCl + 2NH4OH Ag(NH3)2Cl + 2H2O] 

2 , A black coloured compound (A) on reaction with dilute H2SO4 
gives a gas (B) which on passing in a solution of acid (Q 
gives a white turbidity (D). Gas (B) when passed in an 
acidified solution of compound (E) gives a precipitate (F) 
soluble in dil. HNO3. After boiling this solution when an 
excess of NH4OH is added, a blue coloured compound (G) is 
formed. To this solution on addition of acetic acid and 
aqueous potassium ferrocyanide a chocolate precipitate (H) 
is obtained. On addition of an aqueous solution of barium 
chloride to an aqueous solution of (E), a white precipitate 
insoluble in HNO3 is obtained. Identify from (A) to (H). 

[Hint : FeS + H2SO4-> FeS04 + H2S 

(A) (B) 

H2S + [O]-> H2O + s 

From^id (D) 

(HNO3) 

HaS + CUSO4 -^ CuS + H2SO4 

(£) (F) 

Soluble in HNO3 

2HNO3 -> H2O + 2NO2 + [O] 

CuS + 2HNO3 + [O] -> Cu(N03)2 + H2O + S 

Cu(N03)2 + #:H40H -> Cu(NH3)4(N03)2 + 4H2O 

(O) 

Cu(NH 3)4(N03)2 + 4CH3 COOH-> Cu(N 03)2 + 4CH3COONH4 

2Cu(N03)2 + K 4Fe(CN)6-> CualFeCCN)^] + 4KNO3 

(H) 

CUSO4 + BaCla -^ CuCh + BaS04 

(£) Insoluble in HNO3 

3 , An aqueous solution of an inorganic compound (X) gives 
the following reactions: 

(a) When an aqueous solution of barium chloride is added, 
a precipitate insoluble in dil HCl is obtained. 

(b) Addition of excess of KI gives a brown precipitate which 
turns white on Edition of excess of hypo. 

(c) With an aqueous solution of potassium ferrocyanide a 
chocolate coloured precipitate is formed. 

Identify (X) and give equations for the above reactions. 


[Hint : The compound (X) is CuS 04 - 5 H 20 


(a) 

CUSO 4 + BaCl 2 — 

— ^ BaS 04 Hh CUCI2 
Insoluble 

(b) 

2CUSO4 + 4 KI ™ 

—> CU2I2 + 2K2SO4 + I2 



White 


I 2 + 2 Na 2 S 203 — 

2NaI + Na 2 S 406 


(c) 2 CUSO 4 -b K 4 Fe(CN )6 ->Cu 2 Fe(CN )6 + 2 K 2 SO 4 

Chocolate ppt. 


4 . A certoin metal (A) is boiled in dilute nitric acid to give a salt 
(B) and an oxide of nitrogen (C). An aqueous solution of (B) 
with brine solution gives a precipitate (£>) which is soluble 
in ammonium hydroxide. On adding aqueous solution of (B) 
to hypo solution, a white precipitate (E) is obtained, (E) on 
standing terns to rblack compound fi^; Identify 

[Ans. (A) = Silver; (B) = AgN 03 ; (Q = NO; (D) = AgCl; 
® = Ag 2 S 203 ; (F) = Ag 2 S. 

Reactions : 3 Ag + 4HNO3 -^ SAgNOa -f NO + 2H2O 

(A) m (o 

AgNOs + NaCl-> AgCl + NaN03 

(te 

AgCl + 2NH4OH-> Ag(NH3)2Cl + 2H2O 

Soluble 

2AgN03 + Na2S203 -> Ag2S203 + 2NaN03 

(£) White ppt. 

Ag2S203 + H2O -> Ag2S + H2SO4 ] 

(F) Black 

5 . A pale blue crystalline substance (X) when heated upto 300 ®C 
gives a white sohd (Y) which can restore blue colour with 
moisture. Solution of either (X) or (¥) forms (Z) with excess 
of ammonia which imparts deep blue colour to solution. Write 
formulae for (X), (Y) and (Z). 

[Ans. (X) = CuS 04-5H20; (F) = CUSO4; (Z) = Cu(NH3)4S04] 

6 . (i) A white amorphous powder (A) on strong heating gives 

a colourless non-combustible (B) and solid (Q. 

(ii) The gas (B) turns lime water milky and turbidity 
disappears with the passage of excess of gas. 

(iii) The solution of (Q in dil HCl gives a white precipitate 
with an aqueous solution of K4Fe(CN)6. 

(iv) The solution (A) in dilute HCl gives a white precipitMe 
(D) on passing H2S in presence of excess of NH4OH. 

Identify (A) to (D) and give chemical equations for the 


reactions. 



[Roorkee 1993] 

[Hint : ZnC03 “ 

—^ CO2 + ZnO 


(A) 

(B) 

(C) 


CO2 + Ca(OH)2 ™ 

CaC03 

CQ2^ 

Ca(HC03)2 


Milky 


Soluble 

ZnO + HCl - 

ZnCla- 

Zn2Fe(CN)6 




White ppt. 

ZnC03 + HCl - 

ZnCl2 




Solution 



ZnCla + NH4OH + H2S ™ 

ZnS 

] 



White ppt. 




(D) 







729 


Transition Elements or ti-block Elements and/-block Elements 

7 . A white substance when heated in a test tube, produced a 
colourless, odourless gas leaving a residue, yellow when hot 
and white on cooling. The residue was dissolved in dil. HCl, 
made alkaline with ammonium chloride and ammonium 
hydroxide and H2S gas passed through it A white precipitate 
was obtained. 

(i) What was the original substance? 

(ii) Write the equation for the action of heat. 

(iii) What was the white precipitate formed with H2S? 

[Ans. (i) ZnCOs; (ii) ZnCOa-> ZnO + CO2; (iii) ZnS] 

8, (i) An aqueous solution of a white coloured compound (A) 

on reaction with HCl gives a white precipitate of 
compound (J 5 ). 

(ii) (B) becomes soluble in chlorine water with formation of 

(q. 

(iii) (Q reacts^ with KI to give a precipitate which becomes 
soluble in excess of it fon^g a ’compound (D). The 
compound (D) is used for detecting anmonium salts, 

(iv) (B) and (Q both on treatment with SnCl2 gives a grey 
precipitate of (£). 

(v) When cone. H2SO4 is added slowly into a mixture of cold 
solution of (A) and FeS04, a brown ring compound (F) 
is formed. 

Identify (A) to (F) and give chemical equations for the 
reactions at steps (i) to (v). [Roorkee 1997] 

[Alts. (A) = Hg2(N03)2; (B) = HgaOa; (O = HgCla; (D) = KaHgU; 
(£) = Hg; (F) = FeS04-N0. 

Reactions : (i) Hg2(N03)2 + 2HC1 -> HgaC^ + 2HNO3 

(A) {B) 

(ii) HgaCla + 2Cl(Chlorme water) -> 2HgCl2 

(O 

(iii) HgCli + 4KI-> KaHgLi + 2KC1 

(D) 

(iv) HgaCla + SnCla -> 2Hg + SnCU 

m (£) 

HgCla + SnCla -> Hg + SnCU 

(O (E) 

(V) Hg2(N03)2 + H2SO4 -> Hg2S04 + 2HNO3 

2HNO3 -> H2O + 2NO + 3[0] 

2F^04 + [O] + H2SO4 -^ Fe2(S04)3 + H2O 

FeS04 + NO - > FeS04 N0 (Brown ring)] 

(F) 

9 * (i) A blue coloured compound (A) on heating gives two 
products, (B) and (Q. 

(ii) A metal (D) is deposited on passing hydrogen through 
heated (B). 

(iii) The solution of (B) in HCl on treatment with K4Fe(CN)6 
gives a chocolate brown coloured precipitate of 
compound (£). 

(iv) (Q turns ikne water milky which disappears on 
continuous passage of (Q forming a compound (B). 

Identify (A) to (F) and give chemical aquations for the 
reactions at steps (i) to (iv). [Roork^ 1997 ] 

[Ans. (A) = CUCO3; (B) = CuO; (Q = CO2; (D) = Cu; 
(£) = Cu2Fe(CN)6; (F) ^ Ca(HC 03 ) 2 . 

Reactions ; (i) CUCO3-> CuO + CO2 

(A) W) (O 


(ii) 

CuO + H 2 -> 

Cu + H 2 O 



(D) 

(iii) 

CuO + 2HC1-> 

CUCI 2 4 H 2 O 


2CuCl2 + K4Fe(CN)6-^ 

Cu2Fe(CN)6 4 4KC1 
(£) 

(iv) 

C02+Ca(OH)2-> 

CaCOa 4 H 2 O 


CaC03 4* CO 2 4 H 2 O-^ 

Ca(HC03)2 ] 


10 * (i) A black mineral (A) on heating in presence of air gives a 
gas (B). 

(ii) The mineral (A) on reaction with dilute H2SO4 gives a 
gas (Q and the solution of a compound (D). 

(iii) On passing gas (Q into an aqueous solution of (B), a 
white turbidity is obtained. 

(iv) The aqueous solution of compound (D) on reaction with 

potassium femeyanide gives a blue compound (£). ^ 

Identify (A) to (F) and give chemical equationfor Teactions=^ 

at steps (i) to (iv). [Roorkee 1994 ] 

[Hint : (A) = FeS; (B) = SO 2 ; (C) = HaS; (D) = FeS 04 ; 

(E) = K’'Fe“[Fe“(CN)6] 


(i) 

2 FeS 4 3O2 -^ 

2 FcO + 2SO2 


(A) 

m 

(ii) 

FeS 4 H2SO4 - > 

FeS04 4 ” H2S 
(/>) (Q 

(iii) 

2H2S 4 SO2 -> 

2H2O 4 3 S 


(O {B} 

Turbidity 

(iv) 

FeS04 4 K3Fe(CN)6 -> 

KFe[Fe(CN)d 

(E) Blue 


+ K2SO4] 


11 . A certain inorganic compound (A) on heating loses its water 
of crystallization. On further heating a blackish brown powder 
(B) and two oxides of sulphur, (C) and (D) are obtained. The 
powder (B) on boiling with hydrochloric acid gives a yellow 
solution (F). When HaS is passed in (F) a white turbidity (F) 
and a apple gr^n colour (G) are obtained. The solution (F) 
on treatment with thiocyanate ions gives a blood red coloured 
compound (H). Identify from (A) to (H). 

[Ans. (A) = FeS 047 H 20 ; (B) = FeaOs; (Q = SO 2 ; (D) = SO 3 ; 
(£)=:FeCl 3 ; (F) = S; (G) = FeCla; (H) = Fe(SCN) 3 , 

Ruction : 

FeS 04 - 7 H 20 FeS 04 ^ Fe 203 + SO 2 + SO 3 

(A) “ ^ (J 9 ) (C) (£)) 

Fe 203 + 6HC1 -^ 2 FeCl 3 + SHaO 

(£) 

2FeCl3 + H 2 S 2FeCl2 + 2HC1 + S 

(G) (F) 

FeCls + 3SCN" -> Fe(SCN )3 + 3Cr] 

m 


12 . Compound (A) is a light green solid. It gives following tests: 

(a) It dissolves in dilute H2SO4.No gas is evolved. 

(b) A drop of KMn04 is added to the above solution. The 
pink colour is decolourised. 

(c) Compound (A) is heated strongly. Gases (B) and {Q with 
pungent smell come out and a brown residue (D) is left. 

(d) The gaseous mixture is passed into a dichromate 
solution, it turns green. 
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(e) The green solution from reaction ‘d’ gives a white 
precipitate (£) with a solution of barium nitrate. 

(f) The residue (D) from reaction ‘c’ on heating with 
charcoal in a reducing flame, gave a magnetic substance. 
Name the compounds (A), (B), (C), (D) and (^. 

[Ans. (A) = FeS04-7H20; (B) = SO2; (C) = SO3; (D) = Fe203; 

(£) = BaS04 

(a) (A) dissolves in dilute H2SO4. No gas is evolved. 

(b) 10FeSO4 + 2KMn04 + 8H2SO4-> 5 Fe 2 (S 04)3 + K2SO4 

+ 2 MnS 04 + 8 H 2 O 

(c) 2FeS04-7H20-> Fe203 + 2SO2 + 2SO3 + I4H2O 

(A) (D) iB) . (O 

(d) SO2 reduces acidified K2Cr207. 

K2Cr207 + H2SO4 + 3SO2-> K2SO4 + Cr2(&04)3 + H2O 

Green 

(e) 504“ + Ba(N03)2-> BaS04 + 2NO3 

(f) F^03 + 3C — 

13. Compound (A),_ ____ 

(i) On strong heating gives two oxides of sulphur. 

(ii) On adding aqueous NaOH solution to its aqueous 
solution, a dirty green precipitate is obtained which starts 
turning brown on exposure to air. 

Identify (A) and give chemical equations. [Roorkee 1993] 

[Hint : (A) = FeS04 

2FeS04 ) Fe203 + SO2 + SO3 

FeS04 + 2NaOH-> Fe(OH)2 + Na2S04 

Fe(OH)2 Fe(OH)3] 

14. A light bluish green crystalline compound corresponds to the 

following tests: 

(i) Its aqueous solution gives a brown precipitate or 
; colouration with alkaline K 2 [Hgl 4 ]. 

(ii) Its aqueous solution gives a blue colour with K 3 Fe(CN )6 
solution. 

(iii) Its solution in HCl gives a white precipitate with BaCl 2 
solution. 

Identify the ions present and suggest the formula of tiie 

compound. 19921 

[Ans. The ions present are NH4, Fe^^ and SO^”. The formula of 
the compound is (NH4)2S04-FeS04-6H20] 

15. (i) The yellow coloured precipitate of compound (A) is 

formed on passing H 2 S through a neutral solution of a 
salt (B). 

(ii) (A) is soluble in hot dilute HNO 3 , but insoluble-in yellow 
ammonium sulphide. 

(iii) The solution of (B) on treatment with small quantity of 
NH 3 gives white precipitate which becomes soluble in 
excess of it forming a compound (C). 

(iv) The solution of (B) gives white precipitate with small 
concentration of KCN which becomes soluble in excess 
of this reagent forming a compound (D). 

(v) The solution of (D) on. treatment with H 2 S gives (A). 

(vi) The solution of (B) in dilute HCl on treatment with a 
solution of BaCl 2 gives white precipitate of compound 
(E) which is insoluble in cone. HNO 3 . 
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Identify (A) to (E) and give chemical equations for the 
reactions at steps (i) and (iii) to (vi). [Roorkee 1998 ] 

[Hint : (B) is CdS04 which gives a yellow compound by passing 
H2S through its solution. It gives a white ppt. with BaCl2 
soln. The ppt. is insoluble in cone. HNO3. It suggests that 
SO4 ion is present in the salt. 

(i) CdS04 + H2S-> CdS + H2SO4 

(B) (A) 

(ii) CdS04 + BaCl2-^ BaS04 + CdCl2 \ 

(B) (£) \ 

Insoluble in ' 

water 

CdS + 2HNO3-> Cd(N03)2 +. H2S 

Soluble \ 

CdS + (NH4)2S;f-> Insoluble 

Yellow ammonium 
Sulphide 

(iii) GdSG4 + 2NH40H-> ed(0H)2 + (NH4)2SG4- 

ed(0H)2 + 4NH4GH ed(Jffl3)4(0H)2 

(C) Soluble 

(iv) CdSG4 + 2 KCN-> Cd(CN)2 + K2S04 

White ppt. 

Cd(CN)2 + 2 KCN —^ K2Cd(CN)4 

(D) Soluble 

(v) K2Cd(CN)4.+ H2S-> CdS + 2 KCN + 2 HCN] 

(A) 

16. (i) An aqueous solution of a compound (A) is acidic towards 

litmus and (A) is sublimed at about 300 °C. 

(ii) (A) on treatment with an excess of NH4CNS gives a red 
coloured compound (B) and on treatment with a solution 
of K4Fe(CN)6 gives a blue coloured compound (Q. 

(iii) (A) on heating with excess of K2Cr207 in presence of 
cone. H2SO4 gives deep red vapours of (D). 

(iv) On passing vapours of (D) into a solution of NaOH and 
then adding the solution of acetic acid and lead acetate, 
a yellow precipitate of compound (E) is obtained. 

Identify (A) to (E) and give chemical equations for the 
reactions at steps (ii) to (iv). [Roorkee 1998 ] 

[Hint : (A) is FeCl3. It gives red colour of Fe(CNS)3 with NH4CNS 
and chromyl chloride test for CF ion. The reactions are: 

(i) FeCl3 + 3H2O ^ Fe(OH)3 + 3 HC 1 

(A) (Acidic) 

(A) sublimes at 300 °C 

(ii) FeCl3 + 3NH4CNS -> Fe(CNS)3 + 3NH4CI 

(fi) Red 

4 FeCl 3 + 3 K 4 Fe(CN )6 -> Fe4[Fe(CN)6]3 + 12 KCI 

(O Blue 

(iii) 4 FeCl 3 + 9H2SO4 + 3 K 2 Cr 207 -> 

6Cr02Cl2 + 2Fe2(S04)3 + 3K2SO4 + 9H2O 

(D) Red vapours 

(iv) Cr02Cl2 + 4 NaOH-> 4Na2Cr04 + 2 NaCI + 2H2O 

Na 2 Cr 04 + (CH3COO)2Pb-> PbCr 04 + 2CH3COONa] 

(E) Yellow ppt. 

17. Pyrolusite on heating with KOH in the presence of air gives 
a dark green compound (A). The solution of (A) on treatment 
with H2SO4 gives a purple coloured compound (B), which 
gives following reactions. 

(i) KI on reaction with alkaline solution of (B) changes into 
a compound (Q. 
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(ii) The colour of the com|K>und (B) disappears on treatment 
with tite acidic solution of FeS04. 

(iii) With cone. H2SO4 compound (B) gives (D) which can 
decompose to yield (E) and oxygen. 

Identify (A) to (B) and write balanced chemical equations for 
the formation of (A) and (B) and for steps (i) to (iii). 

[Roorkee 1999 ] 

[Hint: 2Mn02 t 4 KOH + O2-> 2K2Mn04 + 2H2O 

(Air) (> 4 ) Dark gr^n 

3 K 2 Mn 04 + 2H2SO4-> 2KMn04 -l- Mn02 + 2K2SO4 + 2H2O 

(S) Rirplc 

(i) 2 KMn 04 + H 2 O + KI-» KIO 3 + 2Mn02 + 2KOH 

(O 

(u) 2KMn04 + 8H2SO4 + 10FeSO4-> K2SO4 + •2MnS04 

+ 5 Fe 2 (S 04)3 + 8H2O 

(iii) 2KMn04 + H2SO4-> MB2O1 + K2SO4 + H2O 

......; ..... 

2Mn207-^ 4 Mn 02 “** ^^2} 

. ■ ■ XE> 

18 . An aqueous blue coloured solution of a transition metal 
sulphate reacts with H2S in acidic medium to give a black 
precipitate (A) which is insoluble in warm aqueous solution 
of KOH. The blue solution on treatment with KI in weakly 
acidic medium turns yellow and produces a white precipitate 
(B). Identify the transition metal ion. Write the chemical 
reactions involved in the formation of (A) and (B). 

[UX 20001 

[Hint: The transition metal ion is 

CUSO4 + H2S-^ CuS + H2SO4 

Blue coloured (A) 

solution Black ppt 

CUSO4 + 2 KI-> Cul2 + K2SO4 

2Cul2-> CU2I2 + h ] 

(S) 

White ppt 

19 . (i) An ore (A) on roasting with sodium carbonate and lime 

in the presence of air gives two compounds, (B) and (Q. 

(ii) The solution of (B) in cone. HCl on treatment with 
potassium ferrocyanide gives a blue colour or precipitate 
of compound (D). 

(iii) The aqueous solution of (C) on treatment with cone. 
H2SO4 gives a yellow coloured compound (B). 

(iv) Compound (E) when treated with KCl gives an orange- 
red compound (F) which is used as an oxidising reagent. 

(v) The solution of (F) on treatment with oxalic acid and then 
with an excess of potassium oxalate gives blue crystals 
of compound (G). 

Identify (A) to (G) and give balanced chemical equations for 
reactions at steps (i) to (v). [Rwrkee 20 tK)} 

[Hint: The ore is chromite, Fe0Cr203. 

(i) 4 Fe 0 Cr203 + SNaaCDa + 7Q2 .—.> 2 Fe 2 Q 3 + 8Na2Ci04 

(A) m • (Q 

+ 8CO2 

(ii) Fe203 + 6Ha-> WeCh + SHaO 

m 
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4FeCl3 + 3K4Fe(CN)6 — 

Fe 4 [Fe(CN) 6]3 + 12Ka 
im 

Prussian blue 

(iii) 

2 Na 2 Ci 04 + H 2 SO 4 - 

Na 2 Cr 207 Na2S04 + H 2 O 


iQ 

(F) 

Yellow coloured 

(iv) 

Na2Cr207 + 2KC1 — 

K 2 Cr 207 + 2NaCl 


(F) 

Orange-red 

(v) KaCraOr + 4H2SO4 + 3H2C2O4-> K2SO4 + Cr2(S04)3 

+ 6CO2+7H2O 

Cr 2 (S 04)3 '¥ 6K2C2G4-^2K3lCr2(C204)3] + 3K2SO4] 

(G) 

Blue crystals 

20 . Complete the following by identifying (A) to (F). 

(i) CUSO4 5H2O ) + 

(u) (£) * (/>+Q 2 .IRoorkee 20001 — 

[Hint: (i) (A) CUSO4 H2O; (fl) CUSO4; (Q GuO? (Z)) SO3 - 

(ii)(£)Ag: (F)N 02 

2A1NO3-» 2 Ag + 2N02+02] 

21 . (i) A powdered substance (A) on treatment witii fusion 

mixture giv^ a green coloured compound (B). 

(ii) The solution of (B) in boiling water on acidification with 
dilute H2SO4 gives a pink coloured compound (C). 

(iii) The aqueous solution of (A) on treatment with NaOH and 
Br2“Water gives a compound (D). 

(iv) A solution of (D) in cone. HNO3 on treatment with lead 
peroxide at boiling temperature produced a compound 
(E) which was of the same colour as that of (C). 

(v) A solution of (A) in dilute HCl on treatment with a 
solution of barium chloride gave a white precipitate of 
com|X)und (F) which was insoluble in cone. HNO3 and 
cone. HCl. 

Identify (A) to (F) and give balanced chemical equations for 
the reactions at steps (i) to (v). IRuoricee 

[Hint: (A) is MnS04. 

(i) MnS04 + Na2C03 + 2KNO3-> Na2Mn04 + 2KNO2 

( 4 ) (B) 

Green coloured 

+ Na 2 S 04 + 2 C 02 

(ii) 3 Na 2 Mii 04 +2H2SO4 —> 2iNaMn04 •+ Mn02+2Na2S04 + 2H2O 

(Q 

Knk coloured 

(iii) MnS04 + 4 NaOH + Br2 MnOa + Na2S04 + 2 NaBr + 2H2O 

m 

(iv) 2Mn02 + IOHNO3 + 5Pb02-^ 2HMBO4 + 5Pb(N03)2 

(E) 

IHnk solution 

+ 4H2O + O2 

(v) MnS04 + BaCl2-> BaS04 + Mna2] 

(F) 

(Insoluble in cone. HNO3 
and cone. HCl) 
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lUUSJWlON^ OF OBJECTIVE QUESTIONS 


1. Among deblock elements, the most abundant element 
belongs to the : 

(a) first transition series (b) second transition series 

(c) third transition series (d) fourth transition series 
Ans* (a) 

[Hint : Iron is the most abundant deblock metal which belongs to 
&st transition series.] 

2. The 3 d metal ions are generally paramagnetic in nature 
because : 

(a) they form coloured salts 

(b) they have one or more unpaked d electrons 
© tey have^ or more payr^ 5 electrons 

(d) they r^ucm . agents _ _ __ 

■ (>) 

[Hint : Paramagnetic nature is due to unpaired d etetrons.] 

3 . The number of moles of acidified KMn04 required to convert 
one mole of sulphite ion into sulphate ion is : 

(a) 2/5 (b)'* 3/5 (c) 4/5 (d) 1 

Ans. (a)' . 

[Hint : 2 MnOi' + 6H'" + 5 SOf^-> 2 Mn^'*' + 5 SO|' + aHjO 

2 moles 5 moles 

5 moles of SO^ = 2 moles of Mn04 

1 mole of SO^ = 2/5 moles of MnO^ 

H 2/5 moles of KMn04 ] 

4 . Which of the following ores contains both Cu and Fe ? 

[LLT 2005 ] 

(a) Cuprite (b) Azurite 

(c) Chalcopyrite (d) Malachite 

Alts, (c) 

[Hint : Chalcopyrite—CuFeS2] 

5 . The correct order of ionic radii of Ce, La, Pm and Yb in +3 
oxidation state is : 

(a) La^ < Pm^ < Ce^-^ < Yb^-" 

(b) La*" < Ce^^ < 

(c) Yb*" < Ce*" < Pm*" < La*" 

(d) Yb*" < Pm*" < Ce*" < La*" 

Ans. (d) 

[Hint : Lanthanide contraction decreases atomic sizes from La*" 
to Lu*". Hence, the correct order will be (d) for the given 
ions.] 

6 . Heating mixture of Cua^ and CU2S will give: [AXEJE.E. 2005 ] 

(a) Cu + SO2 (b) Cu -f SO3 

(c)CuO + CuS (d)Cu2S03 

Ans* (a) 

[Hint : 2CU2O -i- CU2S-> 6Cu + SOJ 

7 . The oxidation state of chromium in tlie final product formed 
. by the reaction between KI and acidified K2Cr207 solution 

is: [A.LE.E,E. 2005 ] 

(a) + 4 (b) + 6 

(c )+2 (d )+3 

Ans. (d) 


[Hint : K2Cr207 + 7H2SO4 + 6KI - 
4K2SO4 


+ Cr2(S04)3 + 7 H 2 O + 3 I 2 ] 

i 

+3 


8. Calomel (Hg2Cl2) on reaction with NH4OH gives : 

[AJ.EX:.E. 2005 ] 

(a) HglSIH2a (b) NH2—Hg—Hg—Cl 

(c) Hg20 (d) HgO 

Ans. (a) 

[Hint : Hg2Cl2 + 2NH4OH —^ 

.NH2 

Hg^ +Hg + NH4C1+2H20F 


Black 

9 . Which of the following is not an actinide ? 

[D.EM.T 2005 ] 

(a) Curium (b) Californium 

(c) Uramum - (d) T^bium 

Ans. (d) 

[Hint : Terbium is a lanthanide.] 

10 . Brass, bronze and german silver have one metal in common. 
This is : 

(a) Zn (b) Fe 

(c) Cu (d) A 1 

Ans. (c) 

[Hint : Brass Cu 60 - 80 %, Zn 40 - 20 % 

Bronze Cu 75 - 90 %, Sn 25 - 10 % 

German silver Cu 56 %, Zn 24 %, Ni 20 % 

Common metal is copper.] 

11 . Which of the following pairs of ions is colourless ? 

[E.A*M.C.E.X (Engg.) 2004 ] 
(a) Ti*", Cu^" (b) Sc*", Zn*" 

(c)Co*", Fe*" (d)Ni*",V*+ 

Ans. (b) 

[Hint : has 3 d^ configuration while Zn^"*” has 3 d^^ confi¬ 

guration. Hen<^, these ions are colourless.] 


12 . The lanthanide contraction relate to : 

(a) atomic mdii (b) atomic as well as radii 

(c) valence electrons (d) oxidation states 

Ans. (b) 

13 . For successive members of the first row tradition elements 

are listed below with their atomic numbers. Which one of 
them is expected to have the highest third ionisation 
enthalpy? [amM, mS} 

(a) Vanadium (Z = 23 ) (b) Manganese (Z = 25 ) 

(c) Chromium (Z= 24 ) (d) Iron (Z = 26 ) 

Ans. (b) 

[Hint : M*"-e 

I.E. 

Mn^^ has the most stable configuration, Le., 3 d^ (all the 
five J-orbitals are singly occupied). Hence, to remove 







Transition Elements or d-block Elements and/-block Elements 


733 


electron from ion requires more energy, ie., the third 
ionisation enthMpy of manganese is highest.] 

14. Green vitriol is formed by : 

(a) FeS 2 + CO (b) FeSa H^O + CO 2 

(c) FeS 2 + H 2 O + O 2 (d) FeS 2 + CO + CO 2 

Ans, (c) 

[Hint : 2FeS2 + 702 + -> 2FeS04 + 2H2SO4] 

15. Stainless steel does not rust because : 

(a) nickel present in it does not rust 

(b) chromium and nickel combine with iron 

(c) chromium forms an oxide layer and protects iron from 
rusting 

(d) iron forms a hard chemical compound with chromium 
present in it 

Ans. (c) 

16. Which of the following forms with an excess of CN“, a 

compjex haying coordination number two ? [AXIMJS. 2!^ 

(a) Cu?^ - . . : 

(c) (d) 

Ans. (b) 

[Hint : AgCN + CN"-> [Ag(CN) 2 ]"] 

17. Of the following outer electronic configurations of atoms, the 

highest oxidation state is achieved by which one of them ? 
(a) (n - l)d^ns^ (b) (n - l)d^ns^ 

(c) (n - l)d^ns^ (d) (n - l)d^ns^ 

Ans. (d) 

18. The compound used in enrichment of uranium for nuclear 

power plant is : [A.LIJVI.S. 2006} 

(a) U 30 g (b) UF^ 

(c) U 02 (N 03)2 (d) ua 4 

Ans. (b) 

19. Lanthanide contraction is caused due to : [A,LEX.E.20(M] 

(a) the appreciable shielding on outer electrons by 4/ 
electrons from the nuclear charge 

(b) the appreciable shielding on outer electrons by 5d 
electrons from the nuclear charge 


(c) the same effective nuclear charge from Ce to Lu. 

(d) the imperfect shielding on outer electrons by 4/'electrons 
from the nuclear charge 

Ans. (d) 

20. The spin only magnetic moment [in units of Bohr magneton] 
of in aqueous solution would be (At. No. 28) : 

rA.IJ:.EJ:.2(K)6] 

(a) 2.84 (b) 4.90 

(c) 0 (d) 1.73 

Ans. (a) 

[Hint : has 3^^ configuration, 2 un paired el ectro ns are 

present. Thus, magnetic moment = ^ 2 ) _ ^xA 

-= 2.84 B.M.] 

21. In which of the following pairs are both the ions coloured in 

aqueous solution? [CJB.S.E. 2006] 

(a) Sc^, Co^^ (b) Ni^^, Cu* 

(c) Ni^^ Ti?^ (d) Se^-^ Ti^-"- 

[At. Nos. Sc = 21,Ti = 22,-Ni-=-28.andCu-=-29] -- - - 

Ans. (c) 

[Hint : Unpaired electrons are present in and 


3d* 



22. Arrange the following ions in their magnetic moment: 
(ii)Mn'^ (iii)Fe^ (iv)Ni^'^ 

[At. Nos. V = 23, Mn = 25, Fe = 26, Ni = 28] 

(a) (ii)>(iii)>(i)>(iv) 

(b) (iii)>(iv)>(ii)>(i) 

(c) (iii)>(ii)>(iv)>(i) 

(d) (i)<(iv)<(iii)<(ii) 

Ans. (c) 

[Hint ; V*'"[Ar]3d\ Mn'^’^EArlSd*, Fe*''[Ar}3d^ Ni^''[Ar]3d*] 










Set I : This set contains questions with one answer. 

L Among (i-block elements, the most abundant element 


belongs to : 

(a) furst transition series □ 

(b) second transition series □ 

(c) third transition series □ 

(d) fourth transition series □ 

2 Which of the following is not the characteristic of transition 

metals ? 

(a) They are all metals □ 

(b) They show variable oxidation states which always differ 

by two units □ 

(c) They are paramagnetic . □ 

(d) They easny fojm complex . .. □ 

3. The correct order of ionisation energy is : 

(a) Cu > Ag > Au □ (b) Cu > Au > Ag □ 

(c) Au > Cu > Ag □ (d) Ag > Au > Cu □ 

4 The jBrst transition element is: 

(a) scandium □ (b) chromium □ 

(c) nickel . □ (d) copper □ 

5. The general electronic configuration of transition elements 
is: 

(a) (rt - □ (b) (« - 1)/^“ ns'^ □ 

(c) (n-□ (d)none □ 

6. The property, which is hot characteristic of transition metals, 

is: [VJ.T.E.E.E.2008] 

(a) variable oxidation states □ 

(b) tendency to form complexes □ 

(c) formation of coloured compounds □ 

(d) natural^ radioactivity □ 

7. The electronic configuration of the element which is just 
above the element with atomic number 43 in the same 
periodic group is: 

(a) ls^,2shp^,3sHp^3<f,4s^ □ 

(b) l/, 25^2/, 35 ^ 3 / 3 /”,4A/ □ 

(c) ls^,2s%^,3shpHd^,4s^ □ 

(d) 2*^2/, 3 / 3 / 3 ^'°, 45*4/ □ 

8. Chromium has the electronic configuration: 

(a) 3/3/3^^4/ □ □ 

(c) 3sHp^3d^ □ (d) none of these □ 

9. The number of d electrons in Fe^"^ (at. no. of iron = 26) is not 
equal to that of: 

(a) p electrons in neon (at. no. = 10) □ 

(b) s electrons in Mg (at. no. = 12) □ 

(c) d electrons in Fe □ 

(d) p electrons in CF (at no. of Cl = 17) □ 

10. The maximum number of unpaired electrons are in: 

[D.CJE. 2006] 

(a) n (b) □ 

(c) Fe^ □ (d) Fe □ 


11. Among the following outermost configurations of transition 
metals, which shows the highest oxidation state: 

[C,B.S,E, (P.M,T) 2009] 
(a) 3^i^4s^ □ (b)3<i^4/ □ 

(c) 3d^ 4s^ □ (d) 3d^,4s^ □ 

12 In the first transition series, the highest oxidation state is 
exhibited by: 

(a) Mn □ (b) Ni □ 

(c) Fe □ (d) Cr □ 

13. Which of the following ions is coloured in solution? 

(a) Zn^* □ (b) Ti*^ □ 

' (C) Cu*. Q - . 

14. How many unpaired electrons are present in the central meuai 
ionofLCoCUP? 

(a) 5 . □ (b) 4 □ 

(c) 3 □ (d) 2 □ 

] 

34 

15. Which of the following has the maximum number of unpaired 


d electrons? 

(a) Zn □ (b) Fe^* □ 

(c) Ni^ □ (d) Cu* □ 

16. Colour in transition metal compounds is attributed to : 

(a) small size of metal ions O 

(b) absorption of light in UV region □ 

(c) moderate ionisation energy □ 

(d) incomplete {n - d subsheU □ 

17. Europium is a: [D.RM.T. 2005] 

<a) /-block element □ (b) ^-block element □ 

(c) p“block element □ (d) .s-block element □ 

18. The electronic configuration of copper is : 

(a) [Ar]34®,4i^ □ (b) [Ar]34‘°,4s‘ □ 

(c) [Ar]34^4/ □ (d) [Ar]34“ 4/ □ 

19. Which metal has the highest melting point ? 

(a) Platinum □ (b) Gold □ 

(c) Tungsten O (d) Mdium ^ □ 

2). Transition metals show paramagnetism: [B.H.D. 2005] 

(a) due to characteristic configuration □ 

(b) high lattice energy □ 

(c) due to variable oxidation states □ 

(d) due to unpaired electrons □ 

21. Zr and Hf have almost equal atomic and ionic radii because: 

(a) of diagonal relationship O 

(b) of lanthanide contraction O 

(c) of actinide contraction □ 

(d) both l^long to same tramition series O 

22. Which of the following ions has smallest radius? 

(a) Mn^* - □ (b) Ni^* □ 

(c)tf* □ (d)\^* □ 


E.C. = 2, 8, 8 + 7 
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23. The yellow colour of chromates changes to orange on 


acidification due to formation of: 

(a) Cr^ □ (b) Cr 203 □ 

(c) Cr 207 - □ (d) C 1 O 4 □ 

24. Manganese shows oxidation states from +2 to +7. The most 
oxidising state known in aqueous solution is: 

(a) +7 □ (b) +4 □ 

(c) +3 □ (d) +2 □ 

25. What is the magnetic moment of K 3 [FeF 6 ]? 

[J.E.E. (Orissa) 2005] 

(a) 5.91B.M. □ (b)4.89B.M. □ 

(c) 3.87 B.M. □ (d) 6.92 B.M. □ 

[Hint: Fe^'" E.C. = 2, 8 , 8 +5, |i = V5^ = 5.91 B.M.] 

26. Which of the following is an acidic oxide? 

(a) Mn 207 □ (b) Mn 304 □ 

(c) MnO □ (d) Mn 203 □ 

27. Which-one of the foUowing ions is diamagnetic? 

. (a) □ (b) □ 

(c) Sc^'" □ (d) Ti^-" □ 

28. Transition metals: 

(a) exhibit inert pair effect □ 

(b) have low melting point □ 

(c) do not show catalytic activity □ 

(d) exhibit variable oxidation states □ 

29. A metal ion from the first transition has a magnetic moment 
(calculated) of 3.87 B.M. How many unpaired electrons are 
expected to be present in the ion? 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

30. Coinage metals are: 

(a) normal elements □ 

(b) transition elements □ 

(c) active elements □ 

(d) highly electropositive elements □ 

31. The position of Cu, Ag and Au in the periodic table is in 
between: 

(a) alkali and alkaline earth metals □ 

(b) alkali metals and halogens □ 

(c) Vni group and zinc metals □ 

(d) alkaline earth metals and halogens , □ 

32. Coinage metals show: 

(a) only monovalency □ (b) only divalency □ 

(c) only trivalency □ (d) variable valency □ 

33.is the best conductor of electricity. 

(a) Silver □ (b) Copper □ 

(c) Gold □ (d) Brass □ 

34. The electrons present in the penultimate orbit of coinage 
metal atoms are: 

(a) 8 □ (b) 2 □ 

(c) 18 □ (d) 32 

35. When copper is placed in the atmosphere for sufficient time, 
a green crust is formed on its surface. The composition of 
the green crust is: 

‘ (a) Cu(OH)2 □ (b) CuO □ 

(c) CUCO 3 □ (d) CuC 03 -Cu( 0 H )2 □ 


36 . The effect of mineral acids on the coinage metals: 

(a) decreases from Cu to Au □ 

(b) increases from Cu to Au □ 

(c) remains the same □ (d) cannot be predicted □ 

37 . Malachite is a mineral of: 

(a) magnesium □ (b) copper □ 

(c) aluminium □ (d) iron , □ 

38 . Copper is extracted from sulphide ore using the method: 

(a) carbon reduction □ 

(b) carbon monoxide reduction □ 

(c) auto reduction □ (d) none of these □ 

39 . In the extraction of copper from copper pyrites, iron is 
removed as: 

(a) FeS04 □ (b) FeSi03 □ 

(c) Fe304 □ (d) Fe203 □ 

40 . Blister copper is : 

(a) a mixture of impure copper and silver □_ 

0 ^) prei^nffin the mpdic mud in an electrolytic process □_ 

(c) electrolytically refined copper □ 

(d) copper containing about 2 % impurity □ 

41 . The flux used in the smelting of copper ores is: 

(a) hmestone □ (b) magnesia □ 

(c) silica □ (d) coke □ 

42 . In the extraction of copper, metal is formed in the Bessemer 
converter due to reaction: 

(a) CU2S + 2CU2O- > 6 Cu + SO2 □ 

(b) CU2S -> 2 Cu + S □ 

(c) Fe + CU2O- > 2 Cu + FeO □ 

(d) 2CU2O-> 4 Cu + O2 □ 

43 . High purity copper metal is obtained by: 

(a) carbon reduction □ (b) hydrogen reduction □ 

(c) electrolytic reduction □ (d) thermite reduction □ 


44. The melting points of Cu, Ag and Au follow the order : 

(a) Au > Ag > Cu □ (b) Cu > Au > Ag □ 

(c) Cu > Ag > Au . □ (d) Ag > Au > Cu i □ 

45. Roasting of copper pyrites is done: 

(a) to remove moisture and volatile impurities □ 

(b) to oxidise free sulphur □ 

(c) to decompose pyrites into CU 2 S and FeS □ 

(d) for all of the above □ 

46. Jn the electrolytic refining of copper, Ag and Au are found: 



(a) on cathode 

□ 

(b) on anode 

□ 


(c) in the anodic mud 

□ 

(d) in the cathodic mud 

□ 

47 . 

The alloy of copper and tin is called: 



(a) brass 

□ 

(b) bronze 

□ 


(c) german silver 

□ 

(d) type metal 

□ 

48. 

Brass is an alloy containing: 




(a) Cu and Zn 

□ 

(b) Cu and Sn 

□ 


(c) Zn and Sn 

□ 

(d) Cu, Zn and Sn 

□ 

49. 

Gun metal is an alloy of: 





(a) Cu and A 1 

□ 

(b) Cu, Zn and Ni 

□ 


(c) Cu, Sn and Zn 

□ 

(d) Cu and Sn 

□ 

50. 

An oxide of copper which is 

red in colour has the formula: 


(a) CuO 

□ 

(b) CU2O 

□ 


(c) CUO2 

□ 

(d) CU2O2 

□ 
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51 . 


When a cupric salt is heated with metallic copper and cone. 
HCl, a colourless solution is obtained because of the for- 


66 . Silver can be separated from lead by: 
(a) fractional crystallisation 


□ 



mation of: 




(b) amalgamation 


□ 


(a) Cua 2 

□ (b) CU 2 CI 2 

□ 


(c) filtration 

□ (d) addition of zinc 

□ 


(c) HLCuQs] 

□ (d) H[CuCl3] 

□ 

67. 

Silver sulphide dissolves in sodium cyanide solution to form 

51 

- CuS 04 - 5 H 20 is called: 




the complex: 




(a) green vitriol 

□ (b) blue vitriol 

□ 


(a) Na2[Ag(CN)4] 

□ (b) Na[Ag(CN) 2 ] 

□ 


(c) white vitriol 

□ (d) gypsum 

□ 


(c) Na3[Ag(CN)4] 

□ (d) all of these 

□ 

53. 

In the reaction, 



68. 

Red precipitate is obtained when silver nitrate is added to: 


2 CUCI 2 + 2 H 2 O + SO 2 - 

—^A + H 2 S 04 + 2HCl;Ais: 



(a) K 2 C 1 O 4 

□ (b) KI 

□ 


ia) CXj 2 a 2 

□ (b) Cu 

□ 


(c) KBr 

d (d) Na 2 S 203 

□ 


(C) CUSO 4 

□ (d) CuS 

□ 

m. 

Photographic films or 

plates have. ... .as 

essential 

54. 

In the reaction between CUSO 4 and KI, a white precipitate is 


ingredient. 




obtained. The precipitate has the composition: 



(a) silver oxide 

□ (b) silver bromide 

□ 


(a) Cul 2 

□ (b) CU 2 I 

□ 


(c) silver thiosulphate 

□ (d) silver nitrate 

□ 


(c) KCuIa 

□ (d) CU 2 I 2 

□ 

70. 

Percentage of gold in 14 carat gold is: 

Sr 

55. 

The matte obtained by smdtihg copper pyrites with coke and 


(a) 58 

□ (b>80 


sand ctmMns mainly : 

|B*W(Puiie) 20061 


(e) 40 

□ (d) 14 



(a) FeS + ZnS 

□ (b)Cu 2 S + FeS 

□ ' 

71. 

Silver nitrate is usually supplied in coloured bottles because 


(c) CuS + FeS 2 □ (d) ZnS + CuS □ 

56. The common metal in brass, bronze and german silver is: 

(a)Cu □ (b)Mg □ 

(c) A1 □ (d) Zn □ 

57. Copper sulphate dissolves in excess of KCN to give: 

[C.B.S.E. 2006] 

(a) [Cu(CN) 4 ]^ □ (b) [Cu(CN) 4 ] 2 - □ 

(c) Cu(CN)2 □ (d) CuCN □ 

58. From a solution of copper sulphate, the metal used to recover 
copper, is: 

,(a) Na □ (b)Ag □ 

(c) Hg □ (d) Fe □ 

59. Argentite is an ore of: 

(a) Ag . n (b) Au 

(c) Pt □ (d) Cu 

60. Cyanide process is used to obtain: 

(a) Cr □ (b) Ag 

(c) Cu □ (d) Zn 

61. On heating Cu(N 03)2 strongly, the material finally obtained 
is: 

(a) Cu □ (b) CU 2 O □ 

(c) Cu(N 02)2 , □ (d) Cu(NG 3)2 □ 

62. When NH 4 OH is added to copper sulphate solution, blue 
colour is obtained due to formation of: 


□ 


□ 

□ 


(a) Cu^'" □ (b) Cu(NH 4 S 04)2 □ 

(c) [Cu(NH 3 ) 4 f^ □ (d) Cu(OH )2 □ 

63. An alloy which does not contain copper, is: 

(a) solder □ (b) teU metal □ 

(c) bronze □ (d) brass ’ □ 

64. WTiich of the following is the lunar caustic? 

(a) AgNOs □ (b) CU 2 CI 2 □ 

(c) Ci£l 2 □ (d) HgaQa □ 

65. Hair dyes contain: [V.LT.E.E.E. 2008] 

(a) copper nitrate □ (b) gold chloride □ 

(c) silver nitrate □ (d) copper sulphate □ 


□ 

□ 

□ 

□ 

□ 

□ 


it is: 

(a) oxidised in air 

(b) decomposes in sunlight 

(c) explodes in sunlight 

(d) reacts with air in sunlight 

72. Verdigris is: 

(a) basic copper acetate □ (b) basic lead acetate 

(c) basic lead □ (d) none 

73. In solid copper sulphate, copper is coordinated to: 

(a) five water molecules □ (b) four water molecules □ 

(c) one sulphate ion □ (d) one water molecule □ 

74. While extracting an element from its ore, the ore is ground 
and reacted with dilute KCN solution to form a soluble 
complex. The element is: 

(a) l^d □ (b) chremium □ 

(c) manganese □ (d) silver □ 

75. Percentage of silver in the alloy german silver, is: 

(a) 2,5% □ (b) 1,5% □ 

(c) 10% □ (d) 0% □ 

76. Preparation of looking mirrors involves the use of: 

(a) red lead □ 

(b) ammonical silver nitrate □ 

(c) ammonical AgN 03 + red lead □ 

(d) ammonical AgNOs + red lead + HCHO □ 

77. The formula of the product formed, when sodium 

thiosulphate solution (hypo solution) is added to silver 
bromide is: [E,A.M.C.E.T 2007] 

(a)Ag2S203 □ (b)Ag2S □ 

(c) Ag 3 [Na(S 203 ) 2 ] □ (d) Na 3 [Ag(S 203 ) 2 ] □ 

78. German silver has: _ [DX.E. 2006] 

(a) Zn □ (b) Cu □ 

(c) M □ (d) all □ 

79. An extremely hot copper wire reacts with steam to give; 

(a) CuO □ (b) CU 2 O □ 

(c) CU 2 O 2 □ (d) CUO 2 □ 



TraEsition Elements or d-block Elements and/-block Elements 
80. Silver is refined by cupellation process. The process removes 


the impurity of: 

(a) Cu □ (b) Au □ 

. (c) Pb □ (d) Pt □ 

8L Which is least soluble in water? 

(a) AgCl □ (b) AgBr □ 

(c) Agl □ (d) AgaS □ 

82 . The compound soluble in ammonia is: 

(a) Cu(OH) 2 □ (b) A1(0H)3 □ 

(c) Cr(OH)3 □ (d) Fe(OH)3 □ 

83 . AgCl on fusion with sodium carbonate, gives: 

(a) Ag2C03 □ (b) Ag20 □ 

(c) Ag □ (d) Ag2C2 □ 

84 . Which metallurgy involves leaching? [D.C.E. 2006 ] 

(a) Au □ (b) Ag □ 

(c) both □ (d) none of these □ 

85 . Gold is soluble in: 

(a) conc.HCl □ (b) cone, H2SO4 □ 

(c) cone. HNO3 □ (d) aqua-regia □ 

86. Amongst the following, the lowest degree of paramagnetism 
per mole of the compound will be shown by: 

(a) MnS044H20 □ (b) CuS04*5H20 □ 

(c) FeS04*7H20 □ (d) NiS04‘6H20 □ 

87 . Identify the statement which is not correct regarding CUSO4. 

(a) It reacts with KI to give iodine □ 

(b) It reacts with NaOH and glucose to give'Cu20 □ 

(c) It reacts with KCl to give CU2CI2 □ 

(d) It gives CuO on strong heating □ 

88. What is the effect of shaking dilute H2SO4 with a small 
quantity of anhydrous CUSO4? 


(a) The white solid dissolves to form a colourless solution □ 

(b) The white solid dissolves to form a green solution □ 

(c) The white solid dissolves to form a blue solution □ 

(d) The white solid turns blue but does not dissolve □ 
89. When copper reacts with hot and cone. H 2 SO 4 , gives: 

[A.F*M,C. 2006] 


(a) H 2 □ (b) SO 2 □ 

(c) O 2 □ (d) Na □ 

90. Which silver halide is least soluble in ammonia? 

(a) AgF □ (b) A^l □ 

(c) AgBr □ (d) Agl □ 

91. AgGl precipitate dissolves in NH 3 due to the formation of: 

(a) Ag(NH 3 ) 2 a □ (b) Ag(NH 4 ) 2 a □ 

(c) Ag(NH 4 ) 20 H □ (d) Ag(NH 3 ) 20 H □ 

92. Impurities of lead in silver are removed by: 

(a) Parkes process □ (b) Solvay process □ 


(c) cyanide process □ (d) amalgamation process □ 

93. Zinc is a member of IIB or 12th group of the periodic table. 
The other members of this group are: 

(a) boron and aluminium □ (b) cadmium and mercury □ 

(c) silver and gold □ (d) tin and lead □ 

94. Calamine is the ore of: 

(a) Zn □ (b) Pb □ 

(c) Ca □ (d) Hg □ 
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95. The liquid metal at room temperature is: 

(a)Ca □ (b)Zn □ 

(c) Hg □ (d) Pb □ 

96. Cinnabar is the ore of: 

(a)Zn □ (b)Cd □ 

(c)Hg □ (d)Ag □ 

97. Chemically philosopher's wool is: 

(a) ZnO □ (b) BaO □ 

(c) □ (d) Hg 2 a 2 □ 

98. Philosopher’s wool when heated with BaO at 1100®C gives 
the compound: 

(a) BaCd02 □ (b) Ba + Zn02 □ 

(c) Ba02 + Zn □ (d) BaZn02 □ 

99. The purest zinc is made by : 

(a) Zone refining □ (b) Mond’s process □ 

(c) Poling process □ (d) Van-Arkel process □ 


100. A compound is yellow when hot and white when cold. The 
compound is: 

(a)Al203 □ (b)PbO □ 

(c)&0 □ (d)ZnO □ 

101. The hydroxide which is soluble in excess of NaOH solution 
is: 

(a)Cu(OH )2 □ (b)Fe(OH) 3 : □ 

(c)CifOH )3 □ (d)Zn(OH )2 □ 

102. The colour of zinc sulphide is: 

(a) yellow □ (b) white □ 

(c) brown □ (d) black □ 

103. The compound which is widely used as a white pigment, 
is: 

(a)PbC 03 □ {b)Al 203 □ 

(c)ZnO □ (d)CaC 03 □ 

104. Corrosive sublimate is: 

{a)Hga2 □ (b)Hg2a2 □ 

(c)Hg2a □ (d)Hg2a3 □ 

105. Calomel is the name of: 

(a)HgCl 2 □ (b)Hg 2 a 2 □ 

(c) HgCl 2 + Hg □ (d) Hg 2 a 2 + Hg □ 

106. Which of the following compound is used as a purgative? 

(a)Cu ^2 □ (b)Cua 2 ' □ 

(c)Hg 2 a 2 □ (d)HgCl 2 □ 

107. In the reaction, SnCl 2 + HgCl 2 -> A + SnCl 4 ; A is: 

(a) Hg 2 a 2 □ (b) Hg □ 

(c)Hga □ (d)Hga 3 □ 

108. In the reaction, HgCl 2 + KI-> A + KCl; A is: 

(a)Hgl2 □ (b)K2Hgl3 □ 

(c) K 2 Hgl 4 □ (d) KHgl 3 □ 

109. Zinc carbonate is precipitated from zinc sulphate solution 
by the addition of: 

(a)Na 2 C 03 □ (b) CaCDs □ 

(c)MgC 03 □ (d)NaHC 03 □ 

110. The compound amongst following sublimes on heating, is: 

(a)HgCl 2 □ (b)AgN 03 □ 

(c) Zn(N 03)2 □ (d) Hg 2 a 2 □ 
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111. Which of the following is insoluble in cold water? 

[A.LLM.S. 2004] 


(a)Hg2(N03)2 □ (b)Hg2Cl2 □ 

(c)Hg(N 03)2 □ (d) Hg 2 (C 104)2 □ 

112. In Nessler’s reagent the active ion is; 

(a)Ag^ □ (b)Hg2^ □ 

(c) Hgif- □ (d) [UgUr □ 

113. Sulphide ore of zinc is concentrated by: 

(a) froth floatation □ 

(b) electromagnetic process □ 

(c) gravity process □ 

(d) distillation □ 

114. White vitriol is: 

(a) ZnS □ (b) ZnS 04 □ 

(c) ZnS 04 - 7 H 20 □ (d) ZnC 03 □ 

115. Granulated zinc is made by : 

(a) pouring molten metal in water □ 

(b) pouring molten metal in molten nickel □ 

(c) displacing zinc from a ZnS 04 solution □ 

(d) zone refining □ 

116. On heating ZnCl 2 * 2 H 20 , the compound obtained is: 

(a) ZnCl 2 □ (b) Zn(OH)Cl □ 

(c) Zn(OH )2 □ (d) ZnO □ 

117. The compound which is used in the preservation of wood 
is: 

(a) NaQ □ (b) HgC^ □ 

(c) ZnCl 2 □ (d) CaCl 2 □ 

118. Mercury is transported in the containers made of: 

(a) Ag □ (b) Pb □ 

(c) A1 □ (d) Fe □ 

119. Lucas reagent is: 

(a) ZnCl 2 + HCl(conc.) □ (b) Mn 02 + H 2 O □ 

(c) H 2 SO 4 + HCl □ (d) NO + H 2 O □ 

120. Mercury on heating with aqua-regia gives: 

(a)Hg(N 03)2 □ (b)HgCl 2 □ 

(c)Hg(N02)2 □ (d)Hg 2 Cl 2 □ 

121. Which one of the following statements is wrong? 

(a) HgCl 2 dissolves in hot water □ 

(b) HgCl 2 gives HCl when treated with sulphuric acid □ 

(c) HgCl 2 gives yellow ppt. with NaOH □ 

(d) HgCl 2 gives white ppt. with ammonium hydroxide □ 

122. Which one of the following statements is correct? 

(a) Hg 2 Cl 2 is called corrosive sublimate □ 

(b) Hg 2 Cl 2 gives white ppt. with ammonium hydroxide □ 

(c) Hg 2 Cl 2 is used as a purgative □ 

(d) Hg 2 Cl 2 is soluble in water □ 

123. Mark the correct statement: 

(a) Hg forms an amalgam with iron □ 

(b) Hg vapour is non-poisonous □ 

(c) Hg is monovalent in mercurous compounds □ 

(d) Oxysalts of mercury are thermally unstable □ 


124. Which of the following oxides has the following 
characteristics? 

(i) Amphoteric nature 

(ii) Can be reduced by carbon 


(iii) Acquires yellow colour on heating 

(a) ZnO □ (b) AI 2 O 3 □ 

(c) PbO □ (d) HgO □ 

125. When excess of SnCl 2 is added to a solution of HgCl 2 , a 
white precipitate turning to grey, is obtained. The grey 
colour is due to the formation of: 

(a) Hg 2 a 2 □ (b) SnCU □ 

(c) Sn □ (d) Hg □ 

126. Essential constituent of an amalgam is: 

(a) iron □ (b) an alkali metal □ 

(c) silver □ (d) mercury □ 

127. Nessler’s reagent is: 

(a) K 2 Hgl 4 □ (b) K 2 Hgl 4 KOH □ 

(c) K 2 Hgl 2 + KOH □ (d) K 2 Hgl 4 -h Hg □ 

128. If NaOH is added to an aqueous solution of zinc ions, a 
white precipitate appears and on adding excess NaOH, the 
precipitate dissolves. In this solution zinc exists in the: 

(a) cationic part EL 

(b) anionic part □ 

(c) both in cationic and anionic parts □ 

(d) there is no zinc in solution □ 

129. The formula of haematite is: 

(a) Fe 304 □ (b) Fe 203 □ 

(c) FeC 03 □ (d) FeS 2 □ 

130! The atomic number of iron is 26. The electronic confi¬ 
guration is: 

(a) 2 , 8 , 8 , 8 □ (b) 2,8,15,1 □ 

(c) 2,8,13,3 □ (d) 2,8,14,2 □ 

131. Iron is a/an: 

(a) normal element □ 

(b) representative element □ 

(c) transition element □ 

(d) inner-transition element □ 

132. Which one of the following statements is not correct? 

(a) Iron belongs to Vni group □ 

(b) Iron belongs to third period □ 

(c) Iron is the member of 3<i-series □ 

(d) Iron is a transition metal □ 

133. Iron is extracted from: 

(a) haematite □ (b) magnesite □ 

(c) iron pyrites □ (d) chalcopyrites □ 

134. The iron ores are concentrated by: 

(a) graviw separation □ 

(b) froth floatation process □ 

(c) amalgamation □ (d) hand picking □ 

135. The materials mixed before the calcined ore is subjected for 
smelting in the extraction of iron are; 

(a) coke and silica □ 

(b) coke and limestone □ 

(c) hmestone and silica □ 

(d) coke, limestone and silica □ 

136. The smelting of iron in a blast furnace involves all the 
following processes, except: 

(a) combustion □ (b) reduction □ 

(c) slag formation □ (d) sublimation □ 




Transition Elements or <i-block Elements and/-block Elements 

137. The maximum temperature 150(fC is obtained in the. 

region of the blast furnace used in the extraction of iron. 



(a) reduction 

□ (b) fusion 

□ 


(c) combustion 

□ (d) slag formation 

□ 

138. 

In the extraction of iron 

in the blast furnace, the reducing 


agent for the ore is: 

(a) carbon 

0 (b) carbon monoxide 

□ 


(c) carbon dioxide 

□ (d) silica 

□ 

139. 

The iron obtained from the blast furnace is called: 



(a) pig iron 

□ (b) cast iron 

□ 


(c) wrought iron 

□ (d) steel 

□ 

140. 

Purest form of iron is: 

(a) pig iron 

□ (b) cast iron 

□ 


(c) wrought iron 

□ (d) steel 

□ 

141. 

The carbon content in steel is: 



(a) 0.21 to 0.25% 

□ (b) 2 to 2 . 5 % 

□ 


(c) 0.25 to 2% 

□ (d) 5 to 8% 

□ 

142, 

Stainless Steel contains iron arid: 



(a) Zn 

□ (b)Cu 

□ 


(c) A1 

□ (d)Cr 

□ 

143. 

If red hot steel is suddenly immersed in water, the steel 


becomes: 

(a) soft and malleable 

□ (b) hard and britde 

□ 


(c) tough and ductile 

□ (d) fibrous 

□ 

144. 

Axles are made by heating rods of iron embedded in charcoal 


powder. The process is known as: 



(a) tempering 

□ (b) annealing 

□ 


(c) hardening 

□ (d) case hardening 

□ 

145. 

Iron is rendered passive by treatment with: 



(a) H 2 S 04 (dil.) 

□ (b)H3P04 

□ 


(c) HNO 3 (cone.) 

□ (d)Ha 

□ 

146. 

Nitriding is a process of heating steel in atmosphere 

of: 


(a) ammonia 

□ (b) oxygen 

□ 


(c) carbon dioxide 

□ (d) air 

□ 

147. 

In the metallurgy of iron, when limestone is added to the 


blast furnace, the calcium ion ends up in: 



(a) slag 

□ (b) gangue 

□ 


(c) metalMc calcium 

□ (d) calcium carbonate 

□ 

148. 

Annealing process is: 




(a) heating the steel bright red and then cooMng suddenly □ 

(b) heating the steel bright md and then cooling slowly □ 



(c) heating the rods of iron emb^ded in charcoal 

Q 


(d) heating the rods of iron in ammonia 

□ 

149. 

Which one of the metals does not form amalgam? 



(a) Zn 

□ (b)Ag 

□ 


(c) Cu 

□ (d)Fe 

□ 

150. 

Rust is: 




(a) FeaOa 

□ (b)FeOxH 20 

□ 


(c) Fe 203 -.rH 20 

□ (d) Fe 304 -;cH 20 

□ 

151. 

When steam is passed over red hot iron, the substances 


formed are: 




(a) Fe 203 + H 2 

□ (b)Fe304 + H 2 

□ 


(c)FeO + H 2 

□ (d)FeO + H 2 + 02 

□ 

152. 

Iron is obtained on a 

large scale from Fe 203 by: 



(a) reduction with A1 

□ (b) calcium 

□ 


(c) reduction with H 2 

□ (d) reduction with CO 

□ 
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153. FeS 04 ' 7 H 20 is known as: 

(a) green vitriol □ (b) white vitriol □ 

(c) blue vitriol □ (d) vitriol □ 

154. Acidified potassium permanganate is decolourised by: 

(a) white vitriol □ (b) bleaching powder □ 

(c) laughing gas □ (d) Mohr’s salt □ 

155. Number of unpaired electrons in Fe^'*' ion is: 

(a) zero □ (b) 2 □ 

(c)4 □ (d)5 □ 

156. Iodine is liberated on adding potassium iodide solution to 
a solution of: 

(a) ZnCl 2 □ (b) FeCis □ 

(c)HgCl2 □ (d)Aia3 □ 

157. Mohr’s salt is a: 

(a) normal salt □ (b) acid salt □ 

fel.basic salt . .□ (d) double... s^^ □_ 

158. Blood red coloured solution is produced when ferric chl oride^ 
solution is treated with: 

(a) KSCN □ (b) KCN □ 

(c)K4Fe(CN)6 □ WK3Fe(CN)6 □ 

159. The brown ring complex compound is formulated as 
[Fe(H 20 ) 5 (NO)]S 04 . The oxidation state of iron is: 

(a) 1 □ (b) 0 □ 

(c) 2 □ (d) 3 □ 

160. Ferrous sulphate on heating gives: 

(a) SO 2 and SO 3 □ (b) SO 2 only □ 

(c) SO 3 only □ (d) SO 2 and O 2 □ 

'JjL 

161. Which one of the following combines with Fe ion to form 
a brown complex? 

(a) N 2 O □ (b) NO □ 

(c)N 203 □ (d)N205 □ 

162. Finely divided iron combines with CO to give: 

(a)Fe(CO )5 □ (b) Fe 2 (CO )9 □ 

(c)Fe3(CO)i2 □ (d)I%(CO )6 □ 

163. Bessemer converter is used in the manufacture of: 

(a) pig iron □ (b) steel □ 

(c) wrought iron □ (d) cast iron □ 

164. The colour of FeS 04 -(NH 4 ) 2 S 04 - 6 H 20 is: 

(a) red □ (b) blue □ 

(c) white □ (d) green □ 

165. In our country, iron is obtained from the ore: 

(a) cassiterite □ (b) azurite □ 

(c) haematite □ (d) cryolite □ 

166. Which one of the following elements constitutes a major 
impurity in pig iron? 

(a) Graphite □ (b) Oxygen □ 

(c) Sulphur □ (d) Silicon □ 

167. Which of the following is the correct lUPAC name for 
K4Fe(CN)6? 

(a) Potassium ferricyanide □ 

(b) Potassium ferrocyanide □ 

(c) Potassium hexacyanoferrate (II) □ 

(d) Potassium hexacyanoferrate (III) □ 


168. In the manufacture of iron from hematite, limestone is 
added to act as: 
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(a) slag □ (b) an oxidising agent □ 

(c) a reducing agent □ (d) flux □ 

169. Which of the following statements is not true for Mohr’s 
salt? 

(a) It decolourises KMn 04 solution □ 

(b) It is a double salt □ 

(c) Oxidation state of iron is +3 □ 

(d) It is a primary standard □ 

170. When K 4 Fe(CN )6 is added to FeCls, the complex compound 
formed is: 

(a) Fe3[Fe(CN)6]4 □ (b) Fe4[Fe(CN)6]3 □ 

(c) .K 2 Fe[Fe(CN) 6 ] □ (d) K2Fe3[Fe(CN)6]2 □ 

171. One of the important uses of ferrous sulphate is in the: 

(a) manufacture of blue-black ink □ 

(b) manufacture of writing chalks □ 

(c) manufacture of sulphur dioxide □ 

(d) manufactufe of hydrogen sulphide □ 

172. Ferric sulphate on heating gives: _ ^ ^ 

(a) SO 2 and SO 3 □ 0^) SO 2 only □ 

(c) SO 3 only □ (d) S only □ 

173. Which of the following metals corrodes readily in moist air? 

(a) Au □ (b) Ag □ 

(c) Ni □ (d) Fe □ 

174. Which of the following has lowest percentage of carbon? 

(a) Cast iron □ (b) Wrought iron □ 

(c) Steel □ 

(d) All have same percentage □ 

175. In the reaction, 4Fe - 1 - 3 O 2 - > 4Fe^'^-i-60^”; which of the 

following statements is incorrect? 

(a) It is a redox reaction □ 

(b) Metallic iron is reduced to Fe^"^ □ 

(c) Fe^'*' is an oxidising agent □ 

(d) Metallic iron is a reducing agent □ 

176. When AgCl is treated with KCN : [J.E.E. (W.B,) 2010 ] 

(a) Ag is precipitated □ 

(b) double decomposition reaction occurs □ 

(c) a complex is formed □ 

(d) no reaction occurs □ 

177. Which of the following will dissolve in excess of ammonia? 

[A.M.U, (Engg.) 2010] 
(a) Agl □ (b) AgBr □ 

(c) AgCl □ (d) None of these □ 

178. Mark the variety of iron which has highest melting point: 

(a) pig iron □ (b) cast iron □ 

(c) steel □ (d) wrought iron □ 

179. The most stable oxidation state of iron is: 

(a) -f- 2 □ (b) -f-3 □ 

(c )-2 □ (d)-3 , □ 

180. Iron is protected by coating it with a thin layer of: 

(a) Cu □ (b) Zn □ 

(c) Pb □ (d) Mg □ 

181. Which is not amphoteric? 

(a) Al^'' □ (b) Cr^'" □ 

• (c) Fe^'" □ (d) Zn^* □ 


182. Which of the following metals exhibit more than one 
oxidation state? 

(a) Na □ (b) Mg □ 

(c) Fe □ (d) All □ 

183: Platinum, palladium, iridium, etc., are called nobel metals 
because: 

(a) Alfred Nobel discovered them □ 

(b) they are inert towards many common reagents □ 

(c) they are shining, lustrous and pleasing to look at □ 

(d) they are found in native state □ 

184. Which of the following pairs has the same size? 


[C.B,S.E. (P,M.T,) 2010] 



(a) Zr'*'", Hf 

□ (b) Fe^'", Ni^"^ 

□ 


(c) Zr'*'", Ti‘‘+ 

□ (d) Zn^"", Hf 

□ 

185. 

Permanent magnet is made from: 



(a) cast iron 

□ (b) steel 

□ 


(c) wrbugTit iron 

□ (d)^rof these 


186. 

In comparison of ferrous salts, ferric salts are: 



(a) more stable 

□ (b) less stable 

□ 


(c) equally stable 

□ (d) none of these 

□ 


187. The metal which does not react with cold water but evolves 
hydrogen with steam is: 

(a) Na . □ (b) K □ 

(c) Pt □ (d) Fe □ 

188. The iron salt used in blue prints is: 

(a)FeC204 □ (b) Fe2(C204)3 □ 

(c) K 4 Fe(CN )6 □ (d) FeS 04 □ 

189. The compound that gets oxidised even on exposure to air 
is: 

(a) Co 2 (S 04)3 □ (b) NiS 04 □ 

(c) FeS 04 □ (d) KMn 04 □ 

190. Anhydrous ferric chloride is prepared by: 

(a) dissolving ferric hydroxide in dilute HCl □ 

(b) dissolving ferric hydroxide in cone. HCl □ 

(c) by passing dry CI 2 gas over heated scrap iron □ 

(d) by passing dry HCl gas over heated scrap iron □ 

191. In the dichromate dianion: 

(a) 4Cr—O bonds are equivalent □ 

(b) 6Cr—O bonds are equivalent □ 

(c) all Cr—O bonds are equivalent □ 

(d) all Cr—O bonds are non equivalent □ 

192. Which one of the following pairs of substances on reaction 
will not evolve H 2 gas? 

(a) Iron and dil. H 2 SO 4 □ (b) Iron and steam □ 

(c) Copper and HCl(^) □ 

(d) Sodium and ethyl alcohol □ 

193. Cr 03 dissolves in aqueous NaOH to give: 

(a) CrOl □ (b) Cr(OH )2 □ 

(c) Cx20j~ □ (d) Cr(OH )3 □ 

194. A student accidently added cone. H 2 SO 4 to potassium 
permanganate and it exploded due to the foimation of an 
explosive. Which of the following is formed ? 

lA.M.U. (Engg.) 2010] 

(a)Mn 207 □ (b)Mn02 □ 

(c) Mn 205 □ (d) Mn 203 □ 
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195. Which one of the ionic species will impart colour to an 


aqueous solution? 
(a)Ti' 


4+ 

I 

» 2 + 


196. 


□ (b)Cu^ □ 

(c)Zn"" □ (d)Cr^^ □ 

Addition of high proportions of manganese makes steel 
useful in making rails of rail roads, because manganese: 

(a) gives hardness to steel □ 

helps the formation of oxides of iron □ 

(c) can show highest oxidation state of +7 □ 

(d) imparts special colour to steel □ 

197 Qf following statements is not correct with 

reference to ferrous and ferric ions? 

(a) Fe^"^ gives brown colour with potassium ferricyanide □ 

(b) gives blue precipitate with potassium ferricyanide □ 

(c) Fe^*^ gives red colour with potassium thiocyanate □ 

(d) Fe^’^ giveabrownrcolour with anamoniumrthioeyanate □ 

198. Amongst the following, identify the species with an atom 

in +6 oxidation state: [IXT. (S) 2000] 

□ (b) Cr(CN)6^ □ 

□ (d) Ci02a2 □ 

199. What is the shape of Fe(CO )5 molecule? [CMSM. 2000) 

(a) Tetrahedral □ (b) Octahedral □ 

(c) Trigonal bipyramidal □ (d) Square pyramidal □ 

200. In the standardization of Na 2 S 203 using K 2 Cr 207 by 
iodometry, the equivalent weight of K 2 Cr 207 is: 

[IXT (S) 2001] 

(a) weight ^ 


(a) Mn 04 
(C) NiFe^ 


(b) 


(c) 


Molecular weight 
6 

Molecular weight 


□ 
□ 

(d) Same as molecular weight □ 

20h Which one of the following is the correct configuration of 
Fe^''(Z=26)? [S.C.R.A. 2001] 

(a)[Ar]4s^3/ □ (b) [Ar] 4s^ □ 

(c)[Ar]3d^ □ (d)[Ar]4s^3/ □ 

202. Which group contains coloured ions out of:[C,EM.T 2M1] 

l-Cu"" 3.Co^‘' 4.Fe^'' 

(a) 1,2,3,4 □ (b)3,4 □ 

(c)2,3 □ (d) 1,2 , □ 

203, The number of ions formed on dissolving one molecule of 

FeS04-(NH4)2S04-6H20is/are; [A.I.LM.S. 2(M)1] 

(a) 6 □ (b) 3 □ 

(c) 5 □ (d) 4 □ 

20f. Number of electrons transferred in each case when KMn 04 
acts as an oxidising agent to give Mn02, Mn^/ Mn(OH) 3 , 
MnOl” are respectively: [A.LE.E.E. 2002] 

(a) 3.5,4 and 1 □ (b) 4, 3,1 and 5 □ 

(c) 1, 3,4 and 5 □ (d) 5,4, 3 and 1 □ 

205. Which one of the following is an example of non typical 
transition elements? [P.M.T. (M.P.) 2002] 

(a)Li,Na,K- □ (b)Be,Al,Pb □ 

(c) Zn, Cd, Hg □ (d) Ba, Ga, Sr □ 


(a) Cr^^ and Cr 207 are formed 

(b) Cr 207 ~ and H 2 O are formed 

2 — 

(c) Cr 207 is reduced to +3 state of Cr 

. 2 -. 


206. The catalytic activity of transition elements and their 
compounds is described to: [C.E.E. (Kerala) 2002] 

(a) their chemical reactivity □ 

(b) their magnetic behaviour □ 

(c) their unfilled ^f-orbitals □ 

(d) their ability to adopt multiple oxidation states and their 

j complexing ability i ’ □ 

2ifl7. Which of the following sets isj of coinage liietals? 

[D*EMT. 2003] 

(a)Cu,Ag,Au □ (b)Zn,Cd,Hg □ 

(c) Au, Ag, Zn □ (d) Li, Na, K □ 

2tB. A reduction in the atomic size with increase in atomic number 
is a characteristic of the elements of: 

(a)^i~block □ (b)/-block □ 

(c) radioactive series □ (d) high atomic masses □ 

209. What would happen when a solution of potassium chromate^- 
is treated with an excess of dilute nitric acid? 

tAXEXX.2003] 

□ 

k 2 - 1 Ti _Q 

□ 

(d) Gr 207 ” is oxidised to +7 state of Cr B“ 

210. The atomic numbers of vanadium (Y), chromium (Cr), 

manganese (Mn) and iron (Fe) are 23, 24, 25 and 26 
respectively. Which one of these may be expected to have 
the highest second ionisation enthalpy? [A.LE.E.E. 2003] 
(a)V □ (b)Cr □ 

(c) Mn □ (d) Fe □ 

211. The radius of La^"^ is 1.06 A, which of the following given 

values will be closest to the radius of (At. no. of 
Lu = 71, La 57)? tAXEXX.2003] 

(a) 1.6 A □ (b)L4A □ 

(c) 1.06A □ (d) 0.85 A. □ 

212. Which of the following transition metals shows only +3 

oxidation state? [C.B,S.E. (Medical) 2003] 

(a) Ce □ (b) Pt □ 

(c) Nd □ (d) (3kl □ 

213. The basic character of the transition metal monoxides 

follows the order (Atomic no. of Ti = 22, V = 23, Cr = 24, 
Fe = 26): [C.B.S.E. (Medical) 2003; A 4 IXM.S. 2007] 

(a) CirO>VO>FeO>TiO □ 

(b) TiO>FeO>VO>CiO □ 

(c) TiO>YO>CrO>FeO □ 

(d) YO > CiD > TiO > FeO □ 

214. Vitamin-B 12 contains: [C.B.S.E. (Medical) 2003] 


(a) Co 


3+ 


□ (b) Zn 


2+ 


2+ 


□ 

(c) □ (d) Fe^"" □ 

215. Which of the following pairs of ions have same para¬ 
magnetic moment ? [E.A.M.C.EX (Engg.) 2004] 

□ (b)Cu^/Ti^ • □ 

□ 


(a) Mn^"", Cu^^ 
(c) Ti'‘+, Cu^* 


(b) Cu^'', Ti^ 
□ (d) Ti^^Ni^'" 


[Hiilt : Cu^’*’ E.C. = 34^-one unpaired electron, Ti^ E.C. = 3d'- 
one unpaired electron.] 
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216. The colourless species is: [AJ,LM.S. 2003] 

(a) VCI 3 □ (b) VOSO 4 □ 

(c) Na 3 V 04 □ (d) [V(H 20 ) 6 ]S 04 -H 20 □ 

217. Lanthanide for which +11 and +in oxidation states are 

common is: [A.LLM.S. 2003] 

(a) La □ {b)Nd □ 

(c)Cc □ (d)Eu □ 

218. How many electrons are involved in reduction of KMn 04 

in basic medium? [J.E.E. (Orissa) 2003] 

(a) 1 □ (b) 2 □ 

(c) 5 ■ □ (d) 3 ^ □ 

219. Lanthanides and actinides resemble in: [A,F,M.C. 2004] 

(a) electronic configuration □ 

(b) oxidation s^tate □ (c) ionisation state □ 

(d) formation of complexes □ 

220. Among the following series of transition ions, the one where 
all metal ions have electronic configuration is (Atomic 
no.’of'Ti =' 22 ; V = 23;'Cr = 24; Mn'’=25):"’ 


[C.B.S.E. (RMX) 2004] 
(a) □ (b) Tf□ 

(c) □ (d) Ti^'*'y''A‘’'',Mn^'' □ 

m. Lanthanides are; [C^.S.E. (P,M.T.) 2004] 

(a) 14 elements in the sixth period (Atomic number 90 to 

103) that are filling 4/-sublevel □ 

(b) 14 elements in the sixth period (Atomic number 58 to 

71) that are filling 4/-sublevel □ 

(c) 14 elements in the seventh period (Atomic number 90 to 

103) that are filling 5/-sublevel □ 

(d) 14 elements in the seventh period (Atomic number 58 to 

71) that are filling 4/~sublevel □ 

222 . The product of oxidation of F with Mn 04 in alkaline 

medium is: [LLL (S) 2004] 

(a)I 03 □ {b)l2 □ 

(c) □ (d) IO 4 □ 

223. Consider the ground state of Cr-atom (Z = 24). The number 

of electrons with the azimuthal quantum numbers / = 1 and 
2 are respectively: [AJ.E.E.E. 2004] 

(a) 12 and 4 □ (b) 12 and 5 □ 

(c)16and4 □ (d)16and5 □ 

224. Cerium (Z = 58) is an important member of lanthanides. 

Which of the following statements about cerium is 
incorrect? [A.LE.E.E. 2004] 

(a) The common oxidation states of cerium are +3 and +4 

□ 


(b) The +3 oxidation state of cerium is more stable than +4 

oxidation state □ 

(c) The +4 oxidation state of cerium is not known in 

solutions □ 

(d) Cerium (IV) acts as an oxidising agent □ 

225- KMn 04 is a strong oxidising agent in acid medium. To 

provide acid medium H 2 SO 4 is used instead of HCL This is 
because: [PM.T. (Kerala) 2007] 

(a) H 2 SO 4 is stronger acid than HCl □ 

(b) HCl is oxidised by KMn 04 to CI 2 □ 


226. 


227. 


228, 


229. 


230. 


231. 


m 


233. 


(c) H 2 SO 4 is a dibasic acid □ 

(d) rate is faster in the presence of H 2 SO 4 □ 

(e) only H 2 SO 4 is completely ionised □ 

The correct order of ionic radii of La^”*”, Eu^“‘’ and Lu^"*" 
is: [EMX (Kerala) 2007] 


(a) < La^"" < □ 

(b) < Eu^:^ < La^"" < □ 

(c) La^"" < Eu^"" < < Y^"" □ 

(d) Y^'"<Lu^'"<Eu^'"<La^'^ □ 

(e) Eu^"^ < La^"^ < Lu^"" < Y^"" □ 

24- 

Excited state of configuration of Mn is: 

[AM.IJ. (EnggO 2007] 

W ^2g (fi) ^ 

ic)ttgej □ (d)4e° □ 


Extraction of zinc from zinc blende is achieved by: 


[I.1X 2007] 

(a) elecfirolytic reduction CT 

(b) ' foasiihg "followed b^rMuctibh "with cSbra "CF 

(c) roasting followed by reduction with another metal □ 

(d) roasting followed by self reduction □ 

A solution of a metal ion when treated with KI gives a red 
precipitate which dissolves in excess of KI to give a 
colourless solution. Moreover, the solution of metal ion on 
treatment with a solution of cobalt (II) thiocyanate gives 
rise to a deep blue crystalline precipitate. The metal ion is: 


[I.I.T. 2007] 

(a)Pb^^ □ (b)Hg^^ □ 

(c)Cu^^ □ (d)Co^+ □ 

Identify the incorrect statement among the following: 

[A.LE,E.E.2007] 

(a) 4/and 5/’Orbitals are equally shielded □ 

(b) £?-block elements show irregular and erratic chemical 

properties among themselves □ 

(c) La and Lu have partially filled ci-orbitals and no other 

partially filled orbitals □ 

(d) The chemistry of various lanthanoids is very similar □ 

Which one of the following ions is the most stable in 
aqueous solution? [C.B.S.E. 2007] 

(a) □ (b) Ti^'" □ 

(c)Mn^+ □ (d)Cr^ □ 

Identify the incorrect statement among the following: 

[CB.S,E. 2007] 


(a) Lpthanoid contraction is the accumulation of 

successive shrinkages □ 

(b) As a result of lanthanoid contraction, the properties of 

4i-series of the transition elements have no similarities 
with the Sd-scrim of elements □ 

(c) Shielding power of 4/“electrons is quite weak □ 

(d) There is a decrease in the radii of the atoms or ions as 

one proceeds from La to Lu □ 

Which of the following ions has a magnetic moment of 5,93 
B.M.? [P.EX (Kerala) 2007] 

(a)Mn2+ □ (b)Fe^^ □ 

(c) □ (d) . □ 

(e) Cr^ □ 
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of air, its compound B is formed. B reacts with compound 
C to give compound D with liberation of iodine. Then the 
metal A, and compounds B, C and D are respectively: 

1EM.T. (Kerala) 2008] 

(a) Ti,TiS 04 ,KIandTil 2 □ 

(b) Zn, ZnS 04 , KI and Znl 2 □ 

(c) Chi, CUSO 4 , KI and CU 2 I 2 □ 

(d) Cu, (hiS 04 , KI and Cul 2 □ 

[Hint : Cu : 15^,25^2/, Magnetic moment 

corresponds to one electron 

Cu + H 2 SO 4 + ”^02 —^ CUSO 4 + H 2 O 


2 CUSO 4 -f 4KJ ■ 

<0 


CU2I2 + I2 + 2K2SO4] 
{D) 


243. What is the correct order of spin only magnetic moment of 
Mn-/ er- and-.— [-A.FM.e- 


>::er^'' :S- (b)-V^*->-€r-+ >:Mn-r—& 

(c) Mn^‘">Cr^^>V^'" □ (d) Cr^^ > > Mn^^ □ 

[Hint : Ion E.C. Unpaired electrons Magnetic moment 
[Ar] 3 rf^ 3 3.86 

Cr^'" [Ar] 3 rf'‘ 4 5.0 

[Ar]3rf^ 5 5.96.3 

Which has maximum paramagnetic character?{D.€.E, 


[AT]3d^ 

[Ar]3/ 

[Ar]3rf^ 


□ (b) [Cu(H20)4r 


(a)[Fe(CN)6r □ (b) [Cu(H20)4r □ 

(c) [(hi(NH 3 ) 4 f^ □ (d) [Mn(H 20 ) 6 ]^^ □ 

245. Hybridisation, shape and magnetic moment of K 3 [Co(C 03 ) 3 ] 

is: imE. (Orissa) 21)081 

(a) octahedral, 4.9 B.M. □ 

(b) octahedral, 4.9 B.M. □ 

(c) dsp^, square planar, 4.9 B.M. □ 

(d) sp^, tetrahedral, 4.9 B.M. O 

246. The spin only magnetic moment value of Cr(CO)^ is : 

(a) 0 □ (b) 2.84 □ 

(c)490 □ (d)5.92 □ 

[Hint : In Cr(CO)6, no orbital is present which is singly 
occupied, hence magnetic moment value is zero. 

Cr(CO )6 in mini I I □ I I I I ] 


234. When hydrogen peroxide is added to acidified potassium 
dichiomate, a blue colour is produced due to formation of: 

[EEX (Kerala) ^>07] 

(a)Ci 03 □ (b)Cr 203 □ 

(c)Ct 05 □ (d)CrO^ □ 

(c) Cr 207 O 

235. Native silver metal forms a water soluble complex with a 
dilute aqueous solution of NaCN in the presence of: 

[LLX 2008] 

(a) nitrogen □ (b) oxygen □ 

(c) carbon dioxide □ (d) argon □ 

[Hint : 4Ag + 8NaCN + 2 H 2 O O 2 -> 4[NaAg(CN)2] + 

4NaOH] 

236. Among the following, the coloured compound is: 

[LLT, 2008] 

(a)Cua □ (b) K 3 [Cu(CN) 4 ] □ 

0^ CuF 2. □ (dO pCu6CH5^^ □ 

237. The correct order of decreasing second iohis^ 

ofTi(22), V(23), Cr(24) and Mn(25) is: [CBJ.E, 20081 

(a)Mn>Cr >Ti>V □ (b) Ti >V >Cr>Mn □ 

(c)Q>Mn>V>Ti □ (d) V >Mn >Cr>Ti □ 

[Hint ; The electronic configurations of ions are : 

Cr"^ : 2s^2p^^ 3s^3p^3d^ —Stable configuration 

Mn"^: Is^j 2^2^, 3^3p^3d^, 4s^ Nuclear charge 

W : 25 ^ 2 /, 3shpHd^, 4s^ increases 

Ti’*’ : ls\ 2shp^, 3sbp^3d\ 45^ ] 

238. Dipping iron article into a strongly alkaline solution of 

sodium phosphate: IVUMMM. 2<M)8] 

(a) does not affect the article □ 

(b) forms Fe 203 *xH 20 on the surface □ 

(c) forms iron phosphate film □ 

(d) forms ferric hydroxide □ 

239. When SCN” is added to an aqueous solution containing 

Fe(N 03 ) 3 , the complex ion produced is: [YXT^.E.E*2008] 
(a) [Fe(OH 2 ) 2 (SCN)f'' □ (b) [Fe(OH 2 ) 5 SCN]^'" □ 

(c) [Fe(OH 2 )s(SCN)]^^ □ (d) [Fe(OH 2 ) 2 (SCN)]^ □ 

[Hint : Fe^* + SCN' + 5 H 2 O-> [FeCOHzIjSCN]^*] 

240. Which one of the following reactions will occur on heating 
AgN 03 above its melting point? [EE.X (Kerata) 2808] 

(a) 2 AgN 03 -^ 2Ag + 2 NO 2 + O 2 D 

(b) 2 AgN 03 -> 2Ag + N 2 + 3 O 2 □ 

(c) 2 AgN 03 ->2AgN02 + 02 □ 

(d) 2AgN03-> 2Ag + 2NO + 2 O 2 □ 

(e) 2 AgN 03 -^ Ag 20 + N 2 O 3 + O 2 □ 

241. Which of the following pairs of transition metal ions are the 
stronger oxidising agents in aqueous solutions? 

[EMX. (Kerala) im] 
(a) and □ (b) Ti^^ and Cr^‘" □ 

(c) Mn^"'and □ (d) and Fe^‘" □ 

(e) and □ 

242. A transition metal A has spin only magnetic moment value 
of 1.8 B.M. When it is reacted with dilute H 2 SO 4 in presence 


d^sp^ 

247. Knowing that the chemistry of lanthanoids (Ln) is 
dominated by its +3 oxidation state, which of the following 
statements is incorrect? {AJ*E,E,E,280f | 

(a) Because of large size of the Ln(in) ions the bonding in 
its compounds is predominantly ionic in character □ 

(b) The ionic sizes of Ln(ni) decrease in general with 

increasing atomic number □ 

(c) Ln(III) compounds are generally colourless □ 

(d) Ln(III) hydroxides are mainly basic □ 

7AS, In context with the transition elements, which of the 

following statements is incorrect? [AXELETl 2889] 

(a) In addition to the normal oxidation states, the zero 
oxidation state is also shown by these elements in 
complexes □ 
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(b) In the highest oxidation states, the transition metals 
show basic character and form cationic complexes □ 

(c) In the highest oxidation states of the first five transition 

elements (Sc to ^), all the 4^ and M electrons are used 
for bonding □ 

(d> Once the configuration is exceeded, the tendency to 
involve all the M electrons in bonding decreases □ 
mtitz In higher oxidation states, transition metals show acidic 
properties and form anionic complexes.] 

249. The oxidant which is used as an antiseptic is : 

(a)KBi 03 □ (b)KMn 04 □ 

(c)Ci 03 , □ (d)KN 03 □ 

250. ^Electron’ is an alloy of: [JJEJEL (W,B.) 2009] 

(a) Mg and Zn □ (b) Fe and Mg □ 

(c) Ni and Zn □ (d) A1 and Zn □ 

25L The temperature of the slag zone in the metallurgy of iron 
using blast ffinia^ is : (Kamateka) ^W9] 

S 

(c) 800400(fC □ (d) 12004500^C □ 

252. The magnetic moment of a transition metal is ^/T5 BM. 
Therefore, the number of unpaired electrons present in it 


is: [CJBJT* (Kamataka) 2009] 

(a) 4 □ (b) 1 □ 

(c) 2 □ (d) 3 □ 

253. Number of unpaired electrons in Mn^’*’ is : 

[(Ofissa) 2009] 
(a) 2 □ (b)3 □ 

(c)4 □ (d)5 □ 

254. Magnetic moment of (NH 4 ) 2 MnBr 4 is ........ BM. 

[JJRE. (Orissa) 2009] 
(a) 5.91 □ (b)4.91 □ 

(c)3.91 □ (d) 246 □ 

255. Electronic configuration of Cu^’^ is : IJJEM. 2009] 

(a) [Ar]4s‘3rf* □ (b) [Ar]4/3rf^ □ 

(c) [Ar]4/3rf'^ □ (d) [Ar]4j‘’3rf* □ 

256. MnOJ reacts with Br“ in alkaline pH to give : 

llEJL (Qdssai) 2009] 
(a)BrOi,Mn02 □ (b)Br 2 ,Mn 04 " □ 

(c)Br2,Mn02 □ (d)BrO“MnOf' □ 


[HiMt; 2 Mn 04 + Br" + H 2 O-) 20H' + 2 M 11 O 2 + BrOi ] 

o 

257. The correct order of values with negative sign for 

the four successive elements Cr, Mn, Fe and Co is : 

(a) Cr>Mn>Fe>Co □ (b) Mn>Cr>Fe>Co □ 
(c) Cr > Fe > Mn > Co □ (d) Fe > Mn > Cr > Co □ 
mm 5 The values are =~L18 Y; = - 0.91 V; 

4-/Fe =-0-44 Co = -0-28 V] ■ 


258. Which of the following oxidation states is the most common 

among the lanthanoids? [C.B^.E. {P.M.T.) 2010] 

(a) 4 □ (b) 2 □ 

(c) 5 □ (d) 3 □ 

259. Which of the following ions will exhibit colour in aqueous 

solution? [C.B.S.E. (P.M.T.) Prel. 2010] 

(a) La^^(Z = 57) □ (b) Ti^* (Z = 22) □ 

(c) Lu^*(Z = 71) □ (d) Sc^'^(Z = 21) □ 

260. Which of the following ions has electronic configuration 

[Ar]d^? [C.B.SJE. (P.M.T.) Prel. 2010] 

(a)Ni^'" □ (b)Mn^''- □ 

(c)Fe^^ □ (d)Co^* □ 

261. How many hydrogen bonded water molecule(s) are 

associated with CuS04-5H20? [A.M.U. (Engg.) 2010] 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

262. Whaf is the naagnedc moment of ion in [FefCNlg]^? 

--■ . ■ ■ ■ ■ ■ ■ ■ " ■■■ [AJM.U. (Ei^T^W 

(a) 1.73B.M. □ (b) 5.9B.M. □ 

(c) Diamagnetic □ (d) None of these □ 


[Hint: [FefCNls]^ 


nl 

n 

0 

□ 


□ 


dhp\yb. 

No. of unpaired electron = 1 

H = Vn(n + 2) =V3=1.73 B.M. ] 

263. Which of the following is Yaska’s compound ? 

[A.M.U, (En^) 2010] 
(a) [Ni(Pa3)Cl2] □ (b) [Rh(CO) 2 a ]2 □ 

(c) Trans IiCl(CO)(PPh 3)2 □ (d) Iia(CO) 2 (PPh 3)2 □ 

264. Mark the correct statement(s) : [PJLT. (Kerala) 2010] 

1. Manganese exhibits +7 oxidation state 

2. Zinc forms coloured ions 

3. [CoFfi]^ is diamagnetic . 

4. Sc form +4 oxidation state 

5. Zinc exhibits only +2 oxidation state 

(a) 1 and 2 » □ (b) 1 and 5 □ 

(c) 2 and 4 □ (d) 3 and 4 □ 

(e) 2 and 5 □ 

265. The maximum oxidation state exhibited by actinide ions is : 

• [PJE^X (Kerala) 2010] 
(a)+5 □ (b)+4 □ 

(c)+7 □ (d)+8 □ 

(e)+6 □ 

266. Which of the following is a correct statement ? 

I1AM.CJE.T. (Eki^) 2010] 

(a) Aqueous solutions of Cu'^’ and Zn^'*' are colourless □ 

(b) Aqueous solutions of Cu^"^ and Zn^”^ are colourless D 

(c) Aqueous solution of Fe^^ is green in colour □ 

(d) Aqueous solution of MnOJ is colourless □ 
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Setn ; This set contains questions with two or more corr^t answers. 


267. Which of the following statements are correct when a mixture 
of NaQ and K 2 Cr 207 is gently warmed with cone. H 2 SO 4 ? 

[LI.T 1998] 


(a) A deep red vapour is evolved □ 

(b) The vapour when passed into NaOH solution gives a 

yellow solution of Na 2 Cr 04 □ 

(c) Chlorine gas is evolved □ 

(d) Chromyl chloride is formed □ 

268. Which of the following compounds are coloured due to 
charge transfer spectrum? 

(a) K 2 Cr 2 C >7 0 (b) KMn 04 □ 

(c) [Fe(H 20 ) 5 N 0 ]S 04 □ (d) Mn 02 □ 

269. Which among the following are diamagnetic? 

(a) ^ □ 

(cysg+ ■■ ^ o xaj e?"'"' . . .□ 

270. Transition metal ions form coloured compounds due to: 

(a) d-d transition □ 

(b) charge transfer spectrum □ 

(c) variable oxidation state □ 

' (d) partially filled ^-oibitals □ 

27L Catalysts used in contact jprex^ess of manufacture of 
sulphuric acid are: 

(a) NO(g) □ (b) V 2 O 5 □ 

(c) Mo □ (d) platinised asbestos □ 

212. Oxides of which of the following metals show oxidation state 
of+ 8 ? 

(a) Ru O (b) Os • □ 

(c)Mn □ (d)Zn □ 


273 , Select the compounds having metal in zero oxidation state: 


(a)Ni(CO )4 □ (b)Ci(CO)6 □ 

(c) Fe 2 (CO )9 □ (d) Co(CO)6 □ 

274. Mercurous ion can be represented as: 

(a)Hg^ □ (b)Hg^-^Hg+ □ 

(0 Hgf □ (d) Hg2+ □ 

275. Which of the following are the membei^ of 3^-series? 

(a)Ti □ (b)Ag □ 

(c)V □ (d)Pd □ 

276. Amongst the following, identify the species with an atom 
in +6 oxidation state: 

(a) KMn 04 □ (b) K 2 Mn 04 □ 

(c/CK^Qa .□ £L 

277. Which metals^are present in gernian silv^? _ _ 

. “ . .. □ (b) M ' ■ □ 

(c)Zn □ (d)Ag □ 

278. ' Transition elements with 4s^ configuration are: 

(a) Cr □ (b) Mn □ 

(c)Ni □ (d)Cu □ 

279. The complex fotming tendency of a-^transition metal depends 
upon: 

(a) availability of a number of vacant i-orbitals □ 

(b) high ionisation energy □ 

(c) small size of its cation or high charge density □ 

(d) variable oxidation states □ 

280. Identify the correct statements: 

(a) Iron is the most abundant transition metal □ 

(b) Cast iron is the purest form of iron □ 

(c) The most stable oxidation state of iron is +3 □ 

(d) Iron does not fonn amalgam with mercury □ 
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,1.- (a) 
U. (c) 


2. (b) 
12. (a) 


3. (c) 

13. (d) 


4. (a) 
14. (c) 


S. (c) 

15. (b) 


21. (b) 

22. (b) 

23. (c) 

24. (a) 

25. (a) 

31. (c) 

32. (d) 

33. (a) 

34. (c) 

35. (d) 

41. (c) 

42. (a) 

43. (c) 

44. (b) 

45. (d) 

51. (c) 

52. (b) 

53. (a) 

54. (d) 

55, (b) 

61. (b) 

62. (c) 

63. (a) 

64. (a) 

65. (c) 

71. (b) 

72. (a) 

73. (b) 

74. (d) 

75. (d) 

81. (d) 

82. (a) 

83. (c) 

84. (c) 

85. (d) 

91. (a) 

92. (a) 

93. (b) 

94. (a) 

95. (c) 

101. (d) 

102. (b) 

103. (c) . . 

-104. -(a) 

- 105.,._(b).__ 






111* (d) 

112. (d) 

113. (a) 


Xi3^-(a). 

121. (b) 

122. (c) 

123. (d) 

124. (a) 

125. (d) 

131. (c) 

132. (b) 

133. (a) 

134. (a) 

135. (b) 

141. (c) 

142. (d) 

143. (b) 

144, (d) 

145. (c) 

151. (b) 

152. (d) 

153. (a) 

154. (d) 

155, (c) . 

161. (b) 

162. (a) 

163. (b) 

164. (c) 

165. (c) 

171. (a) 

172. (c) 

173. (d) 

174. (b) 

175. (b) 

181. (c) 

182. (c) 

183. (b) 

184. (a) 

185. (d) 

1?1. (b) 

192. (c) 

193. (a) 

194. (a) 

195. (d) 

201. (c) 

202. (b) 

203. (c) 

204. (a) 

205. (c) 

211, (d) 

212. (d) 

213. (c) 

214. (a) 

215. (b) 

221. (b) 

222. (a) 

223. (b) 

224. (c) 

225. (b) 

231. (d) 

232. (b) 

233. (a) 

234. (c) 

235. (b) 

241. (c) 

242, (c) 

243. (c) 

244. (d) 

245. (b) 

251. (c) 

252. (d) 

253. (c) 

254. (a) 

255. (b) 

261. (a) 

262. (a) 

263. (c) 

264. (b) 

265. (c) 

271. (b4) 

272. (a,b) 

273. (a.b,c,d) 274. (b,c) 

275. (a,c) 


6. (d) 

7. (a) 

8. (b) 

9. (d) 

10. 

(b) 

16. (d) 

17. (a) 

18. (b) 

19. (c) 

20. 

(d) 

26. (a) 

27. (c) 

28. (d) 

29. (c) 

30. 

(b) 

36. (a) 

37. (b) 

38. (c) 

39. (b) 

40. 

(d) 

46. (c) 

47. (b) 

48. (a) 

49. (c) 

50. 

(b) 

56. (a) 

57. (a) 

58. (d) 

59. (a) 

60. 

(b) 

66. (d) 

67. (b) 

68. (a) 

69. (b) 

70. 

(a) 

76. (d) 

77. (d) 

78. (d) 

79. (a) 

80. 

(c) 

86. (b) 

87. (c) 

88. (c) 

89. (b) 

90. 

(d) 

96. (c) 

97. (a) 

98. (d) 

99. (a) 

100. 

(d) 

106. (c) 

. m. .(b). 

m (c) 

..109,..M. 


(a).. 


-117. (e~). 

118. .^) „ . 

.l i a ( _ 

120. 

(b) 

126. (d) 

127. (b) 

128. (b) 

129, (b) . 

130. 

_ 

(d) 

136. (d) 

137. (c) 

138. (b) 

139. (a) 

140. 

(c) 

146. (a) 

147. (a) 

148. (b) 

149. (d) . 

150. 

(c) 

156. (b) 

157. (d) 

158. (a) . 

159. (a) . 

160, 

(a) 

166. (a) 

167. (c) 

168. (d) 

169. (c) 

170. 

(b) 

176. (c) 

177. (c) 

178. (d) 

179. (b) 

180. 

(b) 

186. (a) 

187. (d) 

. 188. (b) 

189. (c) 

190. 

(c) 

196. (a) 

^197. (d) 

198. (d) 

199. (c) 

200. 

(b) 

im. (d) 

207. (a) 

208, (b) 

209. (b) 

210. 

(b) 

216. (c) 

217. (d) 

218, (a) 

219, (b) 

220. 

(d) 

226. (d) 

227. (b) 

228. (b) 

229. (b) 

230. 

(a) 

236. (c) 

237. (c) 

238. (c) 

239, (b) 

240. 

(c) 

246. (a) 

247. (c) 

248. (b) 

249, (b) 

250. 

(a) 

256. (a) 

257. (b) 

258. (d) 

259. (b) 

260. 

(d) 

266. (a) 

267. (a,b,d) 

268. (a,b,c) 

269. (b,c4) 

270. 

(a,b,d) 

276. (b,c) 

277. (a,b,c) 

278. (a, d) 

279. (a,c) 

280. 

(a,c,d) 






Transition Elements or <i-block Elements knd /-block Elements 


Objective Questions for IIT ASPIRANTS 


Mn 04 


+ Xe Alkaline medium 


+Ye Acidic medium 
+Ze“ Neutral medium 


>Mn 04 ^ 


X, F and Z are respectively; 

(a) 1.2,3 (b) 1,5,3 

(c) 1,3,5 (d)5,3.1 

[Hint ; MnOJ + MeOl” 

MnOJ + 8 H+ + 5 e" + 4H2O 

MnOJ + 4H2O + 3 e~ ) Mn^'" + 80 H‘] 

A metal M which is not affected by strong acids like cone. 
HN 03 rconc. H 2 S 04 and concentrated solulions of alkalies 
like i^0H and Na0H but dissolves in aqua^regia andffoiTOS 
MCI 3 which is used for toning in photography. The metal M 
is: 

(a) Ag (b) Hg 

(c) Au (d) Cu 

[Hint : Au is not affected by concentrated acids and strong 
alkahes. However, it dissolves in aqua-regia forming AUCI3 
which is used for toning in photography. 

[HNO3 + 3 HC 1 -^ NOCl + 2 C 1 + 2H2O] X 3 

[Au + 3 C 1 -> AuCy X 2 

2 Au + 3HNO3 + 9 HC 1 -> 2AUCI3 + 3 NOC 1 + 6H2O] 

The metals present in insulin, haemoglobin and vitamin Bx 2 
are respectively: 

(a) Zn, Hg, Cr (b) Co, Fe, Zn 

(c) Mg, Fe, Co (d) Zn, Fe, Co 

(Hint : Insulin contains zinc, haemoglobin contains iron and 
vitamin Bx 2 contains cobalt.] 

Zinc gives H 2 gas with H 2 S 04 and cone. HCl but not with 
cone, HNO 3 because: 

(a) NO 3 ion is reduced in preference to hydronium ion 

(b) cone. HNO 3 is a weaker acid than cone, H 2 SO 4 and cone. 
HCl 

(c) cone. HN 03 acts as a reducing agent 

(d) zinc is more reactive than H 2 

[Hint ; Zn + H2SO4-> ZnS04 + H2T 


Zn + H 2 SO 4 ■ 

Cone. 

Zn + 2HC1 - 

Cone. 

Zn + 4 HNO 3 - 
Cone. 


ZnS04 + H2T 
ZnCl 2 + H 2 t 

Zn(N03)2 + ZNOat + 2H2O 


7. An ornament of gold having 87.5% of gold, is of.carat. 

(a) 21 (b) 18 (c) 15 (d) 24 

[Hint : Pure gold = 24 carsA 

87.5% gold = X 24 = 21.0 carat ] 

IIaJ 

8 . The highest magnetic moment is shown by the transition 
metal ion with outer el^tronic configuration: 

(a) 3d^ (b) 3(f 

(c) 3d^ (d) 3d^ 

[Hint : In 3d^ configuration, all the d-orbitals are singly occupied, 
i.e., it has maximum number of unpakfed electrons.] 

9. Number of moles of K 2 Cr 207 reduced by one mole of Sn^''’ 


(a)^l/3. (b) 3 

(c) 1/6 (d) 6 

[Hint ; Cr20|’ + 3Sn^‘*‘ + 14H''-> : 

3 moles of ions reduce = 


2Cr^ + 3Sn^‘' + THaO 


.3+ . 

i ion is: 


NO 3 ion is reduced to NO 2 in preference to H 30 ‘*‘ ionj 
‘Bordeaux mixture’ is used as a fungicide. Its composition 


3 moles of Sn ions reduce = 1 mole of 

= 1 mole of K2Cr207 

1 mole of ions will reduce = 1/3 mole of K2Cr207] 

10, The reason for the stability of Gd^^ ion is: 

(a) 4/-subshell — completely filled 

(b) 4/-subshell — empty 

(c) 4/subsheU — half filled 

(d) possesses the configumtion of a noble gas 

11, Which is the first man-imde element? 

(a) Sc (b) Tc 

(c) 0s (d) Zf 

12, Select correct statement: 

(a) PH 3 reduces AgN 03 to metaihe Ag 

(b) 0rgamc tissues turn AgN 03 black by reducing it to Ag 

(c) AgCN is soluble in KCN 

(d) All are correct statements 

13, When K 2 Cr 04 is added to CuS 04 solution, there is formation 
of CuCr 04 as weU as CuCr 207 . Formation of CuCr 207 is due 
to: 

(a) basic nature of CuS 04 solution 

(b) acidic nature of CuS 04 solution 

(c) this is the typical property of GUSO 4 

(d) there is no formation of CuCr 207 

14, In K 2 Cr 207 , every Cr is linked to: 

(a) two O-atoms (b) three 0 ~atoms 

(c) four 0-atoms (d) five O-atoms 

[Hint : The structure of Cr207” ion is. 


(a) CaS 04 +Cu(OH )2 (b) CUSO 4 + Ca(OH )2 

(c) CuS 04 + Ca0 (d)CuO + CaO 

A compound of mercury used in cosmetics, in Ayurvedic and 
Yunani medicines and known as Vermilion is: 

(a)Hga2 (h)m<^2 

(c) HgS (d) Hgl2 


”0^ ^0“ 

A blue solution of copper sulphate becomes darker when 
treated with excess of ammonia. This is because: 

(a) ammonia molecules replace water molecules in the 
solution 

(b) ammonia is stronger ligand than water 
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(c) ammcMiia fonm a stable complex ion [Cu(NH 3 ) 4 ]^^ with 

ions 

(d) All are correct 

[Hint ; 

[Cu(H 20 ) 4 ]S 04 • H 2 O+ 4 NH 4 OH-^ [Cu(NH 3 ) 4 ]S 04 + 9 H 2 O] 

Blue soln. Dark blue soln. 

16. Sugar in urine-sample can be detected by: 

(a) Fehling’s solution (b) Benedict’s solution 
. (c) Tollen’s reagent (d) all the three (a), (b) and (c) 

[Hint : FehJing^s soln.—Cu(II) ion (complexed with tartrate ion) 
is heated in basic solution with a reducing sugar, brick red 
precipitate of CU 2 O is formed. Mixture of alk. CUSO 4 and 
sodium potassium tartrate is called Fehling’s solution. 
Benedict's soln.^—^It contains Cu(II) ion complexed to 
citrate ion. When it is heated with reducing sugar, Cu(II) 
is reduced to CU 2 O. 

ToOen’s reagent—^AmmonicaJ AgN 03 solution is called 
Tbflen’s reagent Reducing sug^s^ve silver mirror t^t with 
' TbttenV'i^eflt] .......... 

17. In the process of extraction of gold. 

Roasted gold ore + CN“ + H 2 O -% [X] + OH“ 

[X] + Zn->m + Au 

Identify the complexes [X] and [Y]: 

(a) X = [Au(CN) 2 r, Y = [Zn(CN) 4 ]^" 

(b) X = [Au(CN) 4 ]^, F= [Zn(CN) 4 ]^- 

(c) X=[Au(CN) 2 ]^, F=[Zn(CN) 6 r 

(d) X=[Au(CN) 4 ]^ F=[Zn(CN)4]2- 

[Uint : 2Au+4CN~ + H 20+|02 - > 2 [Au(CN) 2 r+ 20 H’ 

^ [X] 

2 [Au(CN) 2 ]” + Zn-> [Zn(CN) 4 ]^-+ 2Au ] 

in 

18. A metal gives two chlorides 'A’ and A’ gives black 
precipitate with NH 4 OH and * 5 ’ gives white. With KI 
gives a red precipitate soluble in excess of Kl. A’ and 'B' 
are respectively: 

(a) HgCl 2 and Hg 2 a 2 (b) Hg 2 a 2 , Hga 2 

(c) HgCl 2 and HgCl (d) none of these 

[Hint : A' is Hg 2 a 2 and is HgCl 2 . 

HgzCla + 2 NH 4 OH-> ^8 + NH 4 CI + 2 H 2 O 

Bl^k 

HgCli + 2 NH 4 OH—^ NH 4 CI + 2 H 2 O 

White 

HgCl 2 + 2KI-> Hgl 2 +2KC1 

Red 

Hgl2 + 2KI^K2Hgl4 ] 

Soluble 

19. An inorganic compound (A) gave the following reactions: 

(i) The compound on heating gave a residue and a 
gaseous mixture of NO 2 and O 2 . 
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(ii) The aqueous solution of (A) gave a white precipitate 
with s(xiium chloride solution. The precipitate dissolves 
mNH 40 H. 

The compound (A) is: 

(a) Pb{N 03)2 (b) Ba(N 03)2 

(c) AgN 03 (d) none of these 

[Hint : 2AgN03-> 2Ag + 2NO2 + O2 

AgN03 + NaCl-^ AgCl + NaNOa 

AgCl + 2NH4OH-> Ag(NH3)2CI + 2H2O] 

20. An inorganic compound on strong heating gave a blackish 
brown powder and two oxides of sulphur. The powder was 
dissolved in HCl when a yellow solution w^ obtained which 
gave a MockJ red coloured solution with thiocyanide ions. 
The inorganic compound may be: 


(a) CUSO 4 (b) ZnS 04 

- (d>-FeS 04 r 

[Huit:- ^ 


Fe203 + 6HC1-> 2FeCl3+ 3 H 2 O 

Yellow 

soln. 

FeCla + CNS“-» Fe(CNS )3 + 3Cr ] 

Blood led 
(xjloured soln. 

21. When K 2 C 1 O 4 is added to CUSO 4 solution, there is formation 
of CUC 1 O 4 and CuCr 207 . Formation of CuCr 207 is due to : 

(a) basic nature of CUSO 4 solution which converts CrO^" to 
Cr 20 f^ 

(b) acidic nature of CUSO 4 solution which converts Cr 04 “ 
to 0 : 207 ' 

(c) C 11 SO 4 has a typical property of converting CrO^"” to 
Ct20i~ 

(d) none of the above is correct 

22. More number of oxidation states are exhibited by the acti- 
noids than by the lanthanoids. The main reason for this is: 

[A.I.E.E.E.2008] 

(a) greater metallic character of the lanthanides than that of 
the corresponding actinides 

(b) lesser energy difference between 5/and 6 d-orbitals than 
that between 4/and 5<i-orbitals 

(c) more active nature of actinoids 

(d) more energy difference between 5/ and 6 ^i-orbitals than 
that between 4/ and 5^i-orbitals 

23. Among the following transition elements, pick out the 
elenient(s) with highest second ionisation energy: 
(i)V(Z^23) (ii)Cr(Z = 24) (iii)Mn(Z=:25) (iv)Cu(Z=29) 
(v)Zn(Z^30) 

(a) (i) and (iii) (b) (ii) and (iv) 

(c) (ii) and (v) (d) (iv) only 

[HSnt : Cu^ h^ stable configuration, [Ai]3d^^.] 


1 . (b) 

13. (b) 




2 .(c) 

14. (c) 


3.(d) 
15. (d) 


4. (a) 

16. (d) 


5. 

17. 


(b) 

(a) 


6 .(c) 

18. (b) 


8 .(d) 
20 . (d) 


9. (a) 
21 . (b) 


10 . (c) 
22 . (b) 


U.(b) 
23. (d). 


12 . (d) 


7. (a) 

19. (c) 
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II Matrix Matching Questions forllT Aspirants 


1. Match the Column-I with Column-II: 


7. Match the ions of List-I with their characteristics in LisMI: 


Column-I 

Column-II 

List-I 

List-n 

(a) Tc 

(p) Transition element 

(a) 

(p) White precipitate with NaCl 

(b) Hg 

(q) Not found in nature 

(b) Fe^-" 

(q) Blood colour with KCNS 

(c) Zn 

(r) Last element of third transition series 

(c) 

(r) Prussian blue 

(d) Es 

(s) Used in galvanization of iron 

(d) Ag+ 

(s) Turnbull's blue 

Match the compounds in List-I with their properties in 


(t) Chocolate brown precipitate 

List-n: 

List-I 

List-H 

with K 4 Fe(CN )6 . 

8. Match the element in List-I with their properties in List-H:* 

(a) K 2 Mn 04 

(p) Transition element in +6 state 

List-I 

List-n 

(b) KMn 04 

(q) Oxidising agent in acid medium - 

(a) Fe 

(p) Do not form amalgam 

(c) K 2 L'r 202 

(r) Manufactured from pyrqlusite ore 

_(b)£t 

(q) Element-of VEH-gfoup — 


(d j (s) Manufactured from chromite ore (c) M o ._ (r) Used in biological oxidation ofrn 


3. Match List-I with List-II: 



H 2 O to O 2 

List-I 

List-n 

(d) Mn 

(s) Used in X-ray tube 

(Property) 

(Transition elements) 

9. Match List-I with List-H: 


(a) Highest oxidation state 

(p)Cr 

List-I 

List-n 

(b) High^t density 

(q).Os. 

(a) 

(p) Alloy 

(c) Element with maximum 

(r) Tc 

(b) Ti 

(q) Diamagnetic character 

unpaired electrons 


(c) Misch metal 

(r) 3d'^ 

(d) Radioactive transition element 

(s) Ru 

(d) Hg 

(s) .M. (Magnetic moment) 


4. Match the alloys in List-I with their metal composition in 10. Match List-I with List-II: 


List-II 

(p) Form amphoteric oxide 

(q) Diamagnetic and colourless 
compounds 

(r) Form complex with NH 3 

(s) Form complex with KCN 
hH: 

Col«mn-II 

(p) Q 1 SQ 4 + Ca(OH )2 

(q) 1 % alkaline KMn 04 

(r) Detection of unsaturation 
in organic compounds 

(s) Complex of mercury 



J-ilbL-U.. 



List-I 


List-I 

List-H 


(a) 


(a) German silver 

(P) Cu 


(b) Zn^-' 


(b) Gun metal 

(q) Zn 




(c) Brass 

(r) Ni 


(c) 


(d) Solder 

(s) Sn 


(d) Sc^ 



(t) Pb 


11. Match Column-I with Col 

5. 

Match List-I with List-H and List-Hl; 


Column-I 


LIst-I 

List-n 

List-ra 

(a) Baeyer’s reagent 


(a) Reduction 

(p) Adam’s catalyst 

(u) TiCL 

(b) Equivalent mass = 158 


(b) Polythene production 

(g) Wacker process 

(V) Pt 

(c) Bordeaux mixture 


(c) Aldehyde manufacture 

(r) Natta catalyst 

(w) PdClj 


6 . 

Match List-I with List-H: 



(d) Nessler’s reagent 


List-I 

List-n 




(a) Ag"^ (Isoelectronic) with (p) Diamagnetic 

(b) Zn^-^ (q) 

(c) Element with lowest density * (r) Sc 

(d) Cr (s) Paramagnetic 



1 . 

(a-T), q) 

(b-p, r) 

(c-p, s) 

(d-q) 

1. 

(a-q, r) 

(b-s) 

(c-t) 

(d-p) 

2. 

(a-p, r) 

(M.r) 

(c-p, q, s) 

(d-p. s) 

8 . 

(a-p, q) 

(b-p, q) 

(c-s) 

(d-r) 

3. 

(a-q, s) 


(c-p) 

(d-r) 


(a-s) 

(l>"r, s) 

(c-p) 

(d-q) 

4 

(a-p. q, r) (b-p, q, s) 

(c-p. q) 

(d-s, t) 

10 . 

(a-r, s) 

(b-p, q, r) 

(c-p, r, s) 

(d-q) 

5. 

6 . 

(a-p-v) 

(a-p, q) 

(h-r-u) 

(b-p) 

(c-q-w) 

(c-r) 

(d-s) 

11 . 

(a-q, r) 

(M) 

(c-p) 

(d-s) 
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GR.B. Inorganic Chemistry for Competitions 


I Assertion-Reason Type Questions 


Following questions consist of an Assertion (A) and 
Reason (R). Use the following key to choose the coirect answer: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A), 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of (A), 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A) Tungsten has a very high melting point. 

Tungsten is a covalent compound. [AJ.LM*S. W7] 

2. (A) Mn-atom lo^s ns electrons first during ionisation as 

-.compared. to_(B “l)d_elec^^ . 

.The^effective nuclear charge experienced by (n ~-l)d 

electrons is greater than that by ns electrons. 

[AXLM.S. 2001] 

3. (A) KMn 04 is a coloured compound. 

(R) Colour of KMn 04 is due to charge transfer. 

4. (A) TiCl 4 is a colourless compound. 

(R) Ti'^'^ ion has no unpaired electron. 

5. (A) KMn 04 is oxidising agent in neutral, acidic and in basic 

medium. 

(R) Equivalent mass of KMn 04 in acidic medium is 31.6. 


6. (A) K 2 Cr 04 is yellow coloured compound. 

(R) Chromate ion has tetrahedral geometiy. 

7. (A) Solution of Na 2 Cr 04 in water is intensely coloured. 

(R) Oxidation state of Cr in Na 2 Ci 04 is (+VI). 

[A.LI.M.S. 2003] 

8. (A) All the members of actinide series are radioactive in 

nature. 

(R) The electrons are gradually accormnodated in 5/-energy 
subshell. 

9* (A) The spin only magnetic moment of Sc^*^ is 1.73 B.M. 
(R) The spin only magnetic moment of an ion is equal to 
+ 2); where n is the number of unpaired elortrons 
in the ion. 

10, (A) Potassium ferrocyanide is diamagnetic w^^ 

potassium ferricyanide is paramagnetic. 

(R) Crystal field splitting in ferrocyanide ion is greater than 
that of fenicyanide ion. 

11, (A) Tbe free gaseous Cr-atom has six unpaired electrons. 
(R) Half filled ^-orbital has greater stability. 

12, (A) Ionisation of transition metals involve loss of ns electrons 

before {n -~l)d electrons. 

(R) Filling of ns-orbitals take place before the filling of 
{n - l)d-orbitals. 



1. (c) 2. (a) 3. (a) 4. (a) 5, (b) 6, (b) 7. (b) 8. (b) 9. (d) 10. (c) 

11. (c) 12. (b) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 . .. ......_. 

Two types of magnetic behaviour are found in substances : 
(a) Diamagnetism and (b) Paramagnetism 
Diamagnetic substances are those which are repelled by an 
applied magnetic field. Such substances have no unpaired 
electron. Paramagnetic substances are those which are attracted 
by an applied magnetic field. Transition metals and many of their 
compounds show paramagnetic behaviour where there are 
unpaired electron or electrons. The magnetic moment arise from 
the spin and orbital motions in ions or molecules. Magnetic 
moment of n unpaired electrons is given as, 

p = yln{n + 2) Bohr Magneton 

Magnetic moment increases as the number of unpaired electrons 
increases. 


1. In 3d series, the maximum magnetic moment is shown by: 

(a) Sc (At. no. 21) (b) V(B) 

(c)Cr(24) (d)Fe(26) 

[Hint : Cr-atom has maximum number of unp^dred electrons, Le,, 
6. Hence, the magnetic moment = j6 x B = V4S B.M.] 

2. Which among the following ions has maximum value of 
magnetic moment ? 

(a) (b) 

(c) Cr^'" (d) Ti^'" 

[fflnt : Cu^+ E.C. = 2, 8, 8 + 9, ji = V3 B.M.; 

Mn2+E.C. = 2. 8, 8 + 5, |i = V35 B.M.; 

Ci^-^ E.C. = 2, 8 , 8 + 4, n = V24 B.M. ; 

E.C. = 2, 8, 8 + 2, n = V8 B.M. ] 

3. Increasing value of magnetic moments of 
(I)[Fe(CN)6]^ (ID[Fe(CN)6]^, (HI) [Cr(NH3)6]^, 
(IV)[Ni(H20)4ris: 
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(a) i<n<in<iY (b) iY<in<n<i 

(c) n<in<i<iv (d) i<n<r¥<ni 

[Hint : [FeCCNOg]"*" unpaired electron = 0 ; 

[FeCCN)^]^" unpaired electron = 1; 

[Cr(NH3)5]^"^ unpaired electron = 3 ; 

0^^10^20)4]^“^ unpaired electron = 2 ] 

4. Magnetic moment of [Ni(CN) 4 ]^“ is zero but that of 
[Ni(H20)4]^’^ is 2.83 B,M. It is because of: 

(a) CN^ is a strong ligand making two unpaired electrons in 
Ni^”^ to pair up, while in [Ni(H 20 ) 4 ]^'‘’ two electrons remain 
unpaired as H 2 O is a weak ligand 

(b) different oxidation state of Ni in two complexes 

(c) both (a) and (b) 

(d) none of the above 

5. Magnetic moments of Cr (Z = 24), Mn’^ (Z = 25) and Fe^"^ 
(Z =-26) are X, y and z respectively: Which of the following 
order is correct? - : t 

(a)x<y<z Q))x = y<z 

(c) z<x = y (d) X = y = z 

[Hint : x = /48; y = M; z=^Si 

Cr = 6 unpaired electrons, Mn*^ = 6 unpaired electrons, 
Pg2+ _ 4 unpaired elecUons.] 

6. ''There are three unpaired electrons in [Co(H20)^]^'^ and 
calculated value of magnetic moment on the basis of 
^n(n + 2) formula is 3.87 B.M. which is lower than the 
experimental value of 4.40 B .M. The reason for this difference 
is due to: 

(a) increase in number of unpaired electrons during 
determination 

(b) some contribution of the orbital motion of the electrons 
to the magnetic moment 

(c) d-d transition 

(d) experimental error 


THOUGHT 2 




Most of the compounds of the transition metals are coloured 
in the solid or in solution states. The colour of the transition metol 
ions arises from the excitation of electrons 'from the d-orbitals of 
lower energy to the <i-orbitals of higher energy. The energy 
required for d-d electron excitation is available in the visible range. 
Transition metal ions have the tendency to absorb certain 
radiations from the visible region and exhibit the complementary 
colour. 

The transition metal ions which have completely filled 
^-orbitals are colourless as the excitation of electron or electrons 
is not possible within ri-orbitals. The transition metal ions which 
have completely empty ^i-orbitals are also colourless. In certain 
oxysalts of transition elements like KMn 04 , K 2 Cr 207 , there are no 
unpaired electrons at the central atom but they are deep in colour. 
The colour of these compounds is due to charge transfer 
spectrum. For example, in Mn 04 , an electron is momentarily 
transferred from O to the metal and thus oxygen changes from 
to O’ and manganese from Mn(+VII) to Mn(+YI). 


1. Select the correct statement: 

(a) Colour of the transition metal ion arises due to d-d 
transition 

(b) Colour of certain oxysalts of transition metals is due to 
charge transfer 

(c) Both are correct 

(d) None is corra:t 

2. Which of the following is paramagnetic as well as coloured 
ion? 

(a) Cu'" ' (b) 

(c) (d) 


3. Which is a coloured ion? 

(a) [Cr(H 20 ) 6 ]^^ (b) [Cu(CN)4]^ 

(c) [Ti(H 20 ) 6 ]^ (d) [Sc(H 20 ) 6 ]^+ 

4* K 2 Cr 2 p 7 gives cploMed sq^^^^ water. The colour is due 

to: ^ _ _ ___ ________ 

p) d-d transition in Cr-atoms 

(b) presence of unpaired electron in ^/-orbital in oxygen 

(c) charge transfer from O to Cr 

(d) none of the above 

5* Which of the following compounds is (are) coloured due to 
charge transfer spectra and’not due'to transitions^ 

(a) KMn 04 (b) K 2 Cr 04 

(c) Cr 03 (d) all of these 


THOUGHT 3 .. .. 

Photography is based on the nature of silver halides. Except 
AgF, the silver halides are photosensitive.. These undergo decom¬ 
position in light and turn black due to formation of free silver. 

2AgBr ^'^‘*S 2Ag + Br 2 

The photographic plates or films are prepared in a dark and 
dustfree room by applying a light sensitive mixture called emulsion 
which is prepared by adding 20 per cent aqueous solution of silver 
nitrate to ammonium bromide solution containing gelatin. 

When such a film is exposed, the emulsion gets affected. Since 
different parts .of the body reflect light of varied intensity, the film 
or plate is affected proportionately. An actual but inverted image 
of the object is thus formed on the film or plate which is not visible 
to the eye. It is, therefore, called the latent image. 

When this exposed film or plate is dipped in a developer which 
contains a reducing agent, the parts affected most during exposure 
are reduced to the maximum. The image becomes visible. It is called 
a negative. The remaining sensitive emulsion on the negative is 
removed by dissolving it in hypo solution (fixer). Finally, a positive 
of the negative already prepared is made on silver bromide paper. 
1. The compound formed on the unexposed photographic film 
or plate is: 

(a) silver nitrate (b) ammonium bromide 

(c) diamminesilver bromide (d) silver bromide 
2* The exposed part of the film or plate after developing 
contains: 
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(a) silver metal (b) silver oxide 

(c) silver bromide (d) silver nitrate 

3, The solution of the developer consists: 

(a) alkaline solution of pyrogallol 

(b) alkaline solution of quinol 

(c) either (a) or (b) 

(d) neither (a) nor (b) 

4, Silver halides are used in photography because these 
compounds: 

(a) are insoluble in water (b) are affected by light 

(c) are soluble in ammonia solution 

(d) easily stick on the surface of photographic plate or film 

5, Silver bromide dissolves in hypo solution forming: 

(a) Ag 2 S 203 (b) Ag 2 S 

(c) Na 3 [Ag(S 203 ) 2 ] (d) NaAgS 203 


The process of corrosion of iron is known as rusting. Rust 
appears to be a hydrated ferric oxide, Fe 203 xH20. Both O 2 and 
H 2 O are require for rusting. Iron can be protected from the rusting 
by use of following methods: 

(i) Applying paints, lacquers and enamels on the surface of iron. 

(ii) By forming a firm and coherent protective coating of 
ferrosoferric oxide. This is done by passing steam over hot iron. 

(iii) By coating a thin film of zinc, tin, nickel, chromium, 
aluminium, etc., on the surface of iron. 

If plated with zinc, the reaction products of zinc with O 2 and 
H 2 O form a coadng which sticks to the surface and thereby 
protects iron. 

!• Rusting is a corrosion process in which: 

(a) Zn reacts with O 2 

(b) Sn reacts with O 2 and H 2 O 

(c) Fe is converted into hydrated ferric oxide 

(d) minute holes are formed on the surface of a metal 

2. Zinc protects iron from corrosion because: 

(a) it is an active metal 

(b) a sticky coating is formed on its surface on exposure to 
air 

(c) it is not affected by atmosphere 

(d) it has lower oxidation potential than iron 
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3. Galvanisation means: 

(a) deposition of Zn on Fe 

(b) deposition of A1 on Fe 

(c) deposition of Sn on Fe 

(d) deposition of Cu on Fe 

4. Corrosion is an electrochemical process. It involves: 

(a) loss of electrons by iron, Fe- > Fe^”^ + 2e, e.e., iron 

acts as*an anode. 

(b) impurities act as a cathode. Electrons are used in forming 
• hydmxyl ions. 

H 2 O + O + -> 20H" 

(c) ferrous ions are oxidised to ferric ions in presence of 
dissolved oxygen. 

2Fe^+ + O + H 2 O-> 2Fe^ + 20H“ 

(d) all the above reactions 

5. For prevention of rusting of iron, which is used in paints?— 

(a) PbO (b) Pb02 - = 

(c) Pb 304 (d) PbS 04 

THOUGHTS 

Copper is the most noble of the first row transition metals and 
occurs in smaU deposits in several countries. Ores of copper 
include chalcanthite (CuS 04 ‘ 5 H 20 ), atacamite [Cu 2 Cl(OH) 3 ], 
Cuprite (CU 2 O), copper glance (CU 2 S) and malachite 
[Cu 2 ( 0 H) 2 C 03 ]. However, 80% of the world’s copier production 
comes from the ore chalcopyrite (CuFeS 2 )^ The extraction of copper 
from chalcopyrite involves partial roasting, removal of iron and 
self reduction. [ 1 . 1 .T. 2010 ] 

1 . Partial roasting of chalcopyrite produces : 

(a) CujS and FeO (b) CU 2 O and FeO 

(c) CuS and Fe 203 (d) CU 2 O and Fe 203 

2. Iron is removed from chalcopyrite as : 

(a) FeO (b) FeS 

(c) Fe 203 (d) FeSi 03 

3. In self reduction, the reducing species is : 

(a) S (b) 

(c) S^- (d) SO 2 



THOUGHT 4 




Thought 1 1. (c) 2. (b) 3. (d) 4. (a) 5. (c) 6. (b) Thought 4 1. (c) 2. (b) 3. (a) 4. (d) 5. (c) 

Thought 2 1 . (c) 2. (b) 3. (a) 4. (c) 5, (d) Thoughts 1 . (b) 2. (d) 3. (c) 

Thoughts 1 . (d) 2. (a) 3. (c) 4. (b) 5. (c) 
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BRMN) STOIlMtII® PRQBILEMS; 



1. Explain, why Mn^''' is less stable than Mn^''' and Mn^'*' ions? 

or 

Explain, why Mn^"^ disproportionate into Mn^"^ and Mn"^"^ 
ions? 

[Ans. Mn 25 -> 4s^ ; 4^^ 

Mn^-" -> 3d\ 45° ; -> 3^/^ 45° 

On the basis of electronic configuration, Mn^"^ and Mn"^^ 
are expected to be more stable, hence, Mn^"^ undergoes 
disproportionation. 

2 Mn^'' -—> Mn^'^+Mn^'"] 

2. Standard reduction potential of copper is greater than that 
of hydrogen yet it liberates hydrogen from a concentrated 
solution of hydrochloric acid. Explain this fact with proper 
reasoning. 

Cu + 2^ -^ Cu( 5 ) ^ ^°Cu^'''/Cu~ volt 

2H + 2,6 -^ E[2(^) > ^*1^0 volt 

[Ans. When copper is treated with cone. HCl then formation of 
stable complex ion [CuCl 4 ]^“ along with liberation of H 2 
gas takes place. 

Cu + 4HCl(conc.)-> [CuCy^" + 2H'' + H 2 T] 

3. Account for the following facts : 

(a) An aqueous solution of FeCl 3 is slightly yellowish in 
colour. 

(b) Cu(I) compounds are not known in aqueous solution. 
[Ans. 

(a) An aqueous solution of FeCl 3 is colloidal. It is yellowish in 
colour due to lyndall effect. 

(b) Cu(l) compounds undergo disproportionation in aqueous 
medium. 

CU 2 CI 2 -^ CuCl 2 + Cu] 

4. Answer the following questions: 

(a) Which is more basic? 

(i) Zr 02 or Ti 02 (ii) V 2 O 5 or Nb 205 

(iii) OSO 4 orRe 02 

(b) Which is more stable [CoCl 6 ]^” or [lrCl 6 ]^~ ? 

(c) Which forms trans isomer [PtCl 2 (NH 3 ) 2 ] or. 
[PtCl(NH 3 ) 3 ]^? 

(d) Which is more oxidising agent Cr(VI) or Mo(VI)? 

[Ans. 

(a) (i) Zr 02 (ii) Nb 205 (iii) Re 02 

3 — 3 — 

(b) [JrCl6] is more stable than [Code] because in +3 state 

Ir is more stable than Co. 

(c) [PtCl 2 (NH 3 ) 2 ] will form trans isomer. 

(d) Cr(VT) is stronger oxidising agent than Mo(VI).] 


5, Write down the names of crystal structures in which the 
following elements are present. 

Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn 


[Ans. Element 
Sc 
Ti 
V 
Cr 
Mn 


Crystal Structure 
fee 
hep 
bcc 
bcc 

bcc, tet 


Fe 

bcc, fee 

Co 

fee, hep 

Ni 

fee 

Cu 

fee 

Zn 

hep ] 


6 . Write down the liame of catalyst for the following: 

(i) In the synthesis of hydrocarbon in Fischer-Tropsch 
process. 

(ii) Adams catalyst in reduction. 

(iii) Deacon’s process of making CI 2 from HCl. 

(iv) Reppe synthesis of benzene. 

(v) Fenton’s reagent in the synthesis of aldehydes from 
alcohols. 

[Ans. (i) Co/Fe (ii) Pt/PtO- (iii) CuCl2 (iv) Ni complexes- 

(v) FeSQ4/H202] - -:- 

3+ 3— 

7. (a) Calculate magnetic moment of Fe in [Fe(CN) 6 ] and 

in[Fe(H20)6]3+. 

[Hint : In [Fe(CN)6]^“, Fe^"^ ion has only one unpaired 
electron. Thus, magnetic moment of Fe^'*’ will be Vs , 
Le., 1.732 B.M. {\ip= ^Jn(n-\- 2 ) B.M., where, /z.is 
number of unpaired electrons). In [Fe(H20)6]^'^, Fe^'*' 
ion has 5 unpaired electrons, hence, its magnetic 
moment will beV^B.M., ie., 5.92 B.M.] 

(b) Arrange following complexes in decreasing order of 
magnetic moment: 

[Ni(H20)4]2/ [Ni(CN)4]2- [Fe(CN)6]^- [Fe(CN)6]^ 
[Ans. [Fe(CN)6]'^ = [Ni(CN)4]^- < [Fe(CN)6]^< 

[Ni(H20)4]^^ ] 

[Hint : In [Fe(CN)6]"'“ and [Ni(CN)4]^~, central atom has no 
unpaired electron, hence, their magnetic moment is 
zero. In [Fe(CN)6]^", there is only one electron with 
central Fe^'*' ion, hence, its magnetic moment will be 
1.732 B.M. In [Ni(H20)4]^''', there are two unpaired 
electrons with Ni^'*' and hence, its magnetic moment 
will beVSB.M.] 

8 . Give the formula of three ions which are coloured due to 

charge transfer spectra. 

[Ans. VO2, Cr04“ MnO^J 


Ion 

Oxidation state of 
centra] atom 

Colour 

VO2 

+5 

pale yellow 

CrO|" 

+6 

dark yellow 

Mn04 

+7 

dark purple 


9. What happens when? 

(i) CO 2 gas is passed through aqueous solution of 
Na 2 Ci 04 . 

(ii) Ammonium dichromate is heated strongly. 

(iii) Two gases ‘A’ and ‘R’ turns acidified K 2 Cr 207 green. 
When these gases are passed through water simul¬ 
taneously, solution turns turbid yellow. What are the 
gases A’and‘5’? 
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[Ans. (i) Sodium dichromate, Na2Cr207 is formed, 

(ii) N2 and Cr203 are formed, 

(in) ‘A’ and ‘ 5 ’ are SO2 and H2S. ] 

[Hiiit j (i) H2O + CO2-> H2CO3 

Carbonic acid ^ ■ 

2Na2Cr04 + H2CO3-> NajCOs + NajCraO? + 

(u) (NH4)2Cr207 N2 + Cr203 + ffljO 

(iii) K 2 Cr 207 + 4H2SO4 -4 K2SO4 + Cr 2 (S 04)3 + 4H2O + 3 [ 0 ] 

Green 

{H2S -h [Q]- » H2Q + $} X 3 ^ 

K 2 Cr 207 + 4H2SO4 + 3H2S- > K2SO4 Hh ^2(804)3 + 7H2O + 3 S 
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K2Cr207 + H2SO4 + 3SO2 ^ K2SO4 + Cr2(S04)3 + H2O 

Green 

; When both SO2 and H2S are passed simultaneously through 
\ water then colloidal sulphur is precipitated. 

2H2S + SO2 —-> 2H2O + 3 S ] 

Yellowish turbidity 



The answer to each of the following questions is a single 
digit integer:^ ranging from 0 to 9. 

1. How many number of unpaired electons are present in 

2* What is the magnetic moment of Fe ? 

3* How many sigma bonds are present in CraOf” ion? 

4. How many electrons are involved in the reduction of KMn 04 
in acidic medium? 


5* The change in the oxidation number of chromium in 
potassium dichromate when it acts as an oxidising agent is: 

6. How many water molecules are associated with a molecule 
of Mohr’s salt? 

7. When ammonium hydroxide is added to copper sulphate, a 
blue coloured complex is formed. What is the coordination 
number of copper in the complex? 

8. The percentage of impurity in the 23 carat gold is: 




1 . ( 5 ) The at. no. of Mn is 25 . The number of electrons associated 

with = 23 

■ The electronic configuration of Mn is : 2 , 8, 8 

2 . (6) The electronic configuration of is : 2 , 8, 8 + 5 . 

Mag. moment = Vs x ? ~ 6 

3 . (8) The structure of dichromate ion is 


4. (5) MnO^ + + 5e""—^ Mn^'" + 4H2O 

5. (3) (>207^-> 2Cr^'' 

Oxidation number of Or in Cr207‘' is +6, change (6^3) = 3 

6. (6) The formula of Mohr’s salt is : FeS04-0^4)2804-6H2O 

7. (4) The blue complex is, [Cu(NH3)4]S04. 

8. (4) %Gold =™x23 = 96 

24 




Impurities percentage (100 -- 96 ) = 4 
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One of the most important probities of transition metals is that they form 
coordination or complex compounds. These compounds play a vital role in our 
lives. The importance of these compounds can be realised from the fact that life 
would not have been possible without the existence of chJorophyU (Mg-complex) 
in plants and haemoglobin (Fe~complex) in the blood of animals. One of die 
earliest known coordination compound is prussian blue which was accidently 
prepared in 1704 by a Berlin colour maker, Diesbach^ by strongly heating animal 
wastes and sodium carbonate in an iron container. In 1753, Macquer prepared 
potassium ferrocyanide by treating prussian blue with alkali. In 1799, Tassaert 
obtained an orange compound, CoCl 3 - 6 NH 3 , by allowing a mixture of cobalt 
chloride and aqueous ammonia to stand in air. During the next fifty years, numerous 
compounds of this type containing cobalt, platinum, chromium and iron were 
discovered. The field of such compounds has expanded very fast in recent ye^s 
and coordination compounds are playing important roles in analytical chemistry, 
polymerization reactions, metallurgy and refining of metals, organic synthesis, 
electroplating, photography, biochemistry, water purification, textile dyeing and 
bacteriology. In addition, the study of these compduiids has enlarged our 
understanding of chemical bonding, certain physical pro^rties such as spectral 
and magnetic properties and metabolic processes. In this chapter some basic 
aspects regarding coordination compounds are discussed. 


I5.i| MOLECULAR OR ADDITION COMPOUNDS 

When solutions containing two or more simple stable compounds iri molecular 
proportions are allowed to evaporate, crystals of new substances are obtained. 
These substances are termed molecular or addition compounds. Some common 
examples are: 


KCl + MgCl 2 + 6 H 2 O -> KCfMgCl2«6H20 

Caraallite 

K2S04 + Al2(S04)3 +24H20-> K2S04 Al2(S04)3-24H2G 

Alum 


FeS04 + (NH4)2S04 + 6H2O - > FeS04*(NH4)2S04*6H20 

Mohr*s salt 

. 4KCN + Fe(CN )2 -> Fe(CN)24KGN ■ 
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CUSO4 + 4NH3-> CUSO44NH3 

AgCN + KCN-> KCN-AgCN 

Simple stable Addition or molecular 

compounds compounds 

The molecular or addition compounds are of two types: 

(i) Double salts or Lattice compounds ; The addition 
compounds which are stable in solid state only but are broken 
down into individual constituents when dissolved in water are 
called double salts or lattice compounds. Their solutions 
have the same properties as the mixture of individual compounds. 
For example, when Mohr's salt, [FeS 04 *(NH 4 ) 2 S 04 * 6 H 20 ], 
is dissolved in water, it exhibits the properties of FeS 04 and 
(NH 4 ) 2 S 04 , i.e,, they produce Fe^^, NH 4 ^ and SO|“ ions in 
solution. Thus, each ion has its identity in double salt. 

FeS 04 -(NH 4 ) 2 S 04 - 6 H 20 -> Vt^^(aq.) + 2NH4(a^.) 

- .+ ^SOlla^.) + 6H2G 

Camallite, KCl*MgCl 2 ‘ 6 M 20 ; potash alum, 

K 2 SO 4 Al 2 (S 04 ) 3 * 24 H 20 ,etc., are the examples of double salts. 

(ii) Coordination or complex compounds : The addition 
compounds in which some of the constituent ions or molecules 
lose their identity and when dissolved in water they do not 
break up completely into individual ions, are called coordination 
compounds. The properties of their solutions are different 
than those of their constituents. When crystals of CUSO 44 NH 3 
are dissolved in water there is hardly any evidence for the 
presence of Cu^'^ions or ammonia molecules. A new ion, 
[Cu(NH 3 ) 4 ]^’^, is furnished in which ammonia molecules are 
directly linked with the metal ion. Similarly, the. aqueous 
solution of Fe{CN) 24 KCN does not give tests of Fe^"^ and 
CN“ ions but gives the test for a new ion, [FeCCN)^]^. The 
ions [Cu(NH 3 ) 4 ]^"^ and [FeCCN)^]'^ are called complex ions. 

CUSO44NH3 ^ [Cu(NH3)4]^^ + S04^“ 
Fe(CN) 24 KCN ^ 4K^ + [Fe(CN) 6 ]^ 

Thus, a coordination or complex compound may be 
defined as a molecular compound that results from the 
combination of two or more simple stable molecular 
compounds and retains its identity in the solid m well as 
in dissolved state. The properties of such compounds are 
totally different than individual constituents. A coordination 
compound contains very often but not always a complex 
ion. 

Some of the common examples of these compounds are: 
[Cu(NH 3)4]S04 ; K4[Fe(CN)6] ; K 2 [PtGl 6 ] 

[CoCNHjyCla ; K3[Fe(CN)6] ; K3[Gr(C204)3] 

[Ni(NH3)6]Gl2 ; K[Ag(GN)2] ; K2[Hgl4] 

[Ni(DMG) 2 ] ; [Gu{Gly) 2 ] ; Ni(GO )4 

DMG = Dimethyl glyoxime ; Gly = Glycine 

A complex ion may be defined as an electrically charged 
radical which consists of a central metal atom or ion 


surrounded by a group of ions or neutral molecules or 
both. A coordination compound, thus, consists of either, 

(i) a simple cation and a complex anion such as 
K 4 [Fe(GN) 6 ], or 

(ii) a complex cation and a simple anion such as 
[Gu(NFl 3 ) 4 ]S 04 , or 

(iii) a complex cation and a complex anion such as 
[Go(NH 3 ) 6 ][Gr(G 204 ) 3 ], or 

(iv) a neutral molecule such as Gu(Gly) 2 , Ni(GO) 4 , 
Ni(DMG) 2 , etc. 

TERMINOLOGY OF COORDINATION 
" COMPOUNDS 

Before further discussion, it is necessary to explain some 
important terms used in the study of coordination compounds. 
These are discussed here. 


1. Ligands 

The neutral molecules; anions or cations which are directly 
linked with the central metal atom or ion in a complex ion are 
called ligands. The ligands are attached to the central meta l ion 
or atom through coordinate bonds or dative linkage. With few 
exceptions, free ligands have at least one electron pair that is 
not engaged in bonding. Some examples are: 

H—N— H H— o: :g=n: :cir 

1 I 

H H 

The ligand acts as a donor as it donates one or more electron 
pairs to the central metal atom or ion which acts as an acceptor. 
The ligands are thus Lewis bases and central metal ions or 
atoms are Lewis acids. The formation of a complex ion involves 
following two things: 

(i) Ligands should have lone pair or pairs of electrons which 
can be donated to the central metal ion or atom. 

(ii) The central atom or ion should have vacant orbitals of 
nearly equivalent energy as to accommodate the electrons 
donated by ligands. This condition is easily falfilled by atoms 
or ions of transition metals. 

Types of ligands 

Ligands can be of following types depending on the number 
of donor atoms present in them. 

(i) Mono- or unidentate ligands : They have one donor 
atom, ie,, they supply only one electron pair to central metal 
atom or ion. F", CF, Br", H 2 O, NH 3 , CN", NO 2 , OH", CO, 
etc., are examples of monodentate ligands. 

(ii) Bidentate ligands : Ligands which have two donor 
atoms and have the ability to link with central metal ion at 
two positions are called bidentate ligands. Some examples 
are: 
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\ / /—N N—. 

c'^ (oy^o, 


CH 2 - 

o^“\ ^o: 

Ethylenediamine (en) Oxalate (ox) 1, 10 >Phenanthroline (Phen) 
H 



(iii) Tridentate ligands : The ligands having three donor 
atoms are called tridentate ligands. Examples are: 

H\ 

H-N N-H 

H2C . y cHg 

HgC—N-CH2 

H 

DIethylenetriamine (dien) 2 , 2 ', 2 "-Terpyridine (terpy) 

(iv) Tetradentate ligands : These ligands possess four 
donor atoms. Examples are: 

H H 



^CH2C00" 
.CH2COO- 


^N—(CH2)2“N^ 


^CHaCOO-' 

Nitriloacetate 



H H 

Triethylenetetramlne (trien) 


(v) Pentadentate ligands : They have five donor atoms. 
For example, ethylenediaminetriacetate ion. 

=0 



CHo 


(vi) Hexa^entate ligands ; They have six donor atoms. 
The most important example is ethylenediaminetetraacetate 



O O 

Ethylenediaminetetraacetate ion (EDTA) 


(vii) Chelating liganik i A bidentate or a polydentate 
ligand isjta^^ cootdmation_iL 

results in the for mation of a__cloMd . or cyclic m 
The complexes, thus formed are called chelates. The word 
chelate has been derived from the Greek word chele meaning 
claw. The complex formed by Cu^**' ion with ethylenediamine 
is an example of a chelate. 


CH2—H2N 
I 

CH 2 —H 2 N 


/ \ 


[Cu(en)2] 


NH 2 —CH 
I 

NH 2 —CH 

2+ 


2 

2 


| 2 + 


The following are the characteristics of chelates: 

(a) Chelating ligands form more stable complexes than 
monodentate ligands. This is called chelating effect. All types 
of polydentate ligands can act as chelating ligands. 

(b) The chelates containing 5 or 6“membered rings including 
metal atom are comparatively more stable. Chelating ligands 
which do not contain unsaturated groups (double bonds), in 
general, form five membered stable complexes while chelating 
ligands having unsaturated groups (double bonds) form six- 
membered stable complexes. 

(c) Ligands with larger groups form more unstable rings 
than with smaller groups due to steric hindrance. 


Importance of chelatee 

Chelates find wide applications in laboratory and industry : 

(i) A number of ions such as Cu^^, Ni^'^, Mg^^, Al^'^, etc., 
are detected and estimated by the formation of stable and 
coloured chelates. 

(ii) In water softening. 

(iii) In separation of lanthanides and actinides. 

(iv) In the elimination of harmful radioactive metals from 
body. For this purpose usually EDTA is used. 

(v) In solvent extraction. 

(vi) In food preservation. 
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SOME COMMON t^OLYDENTATE LIGANDS 


Name 


Formula 


Abbreviatioii 


Dentate character 


Carbonate 

Oxalate 

• Ethan- 1 , 2 -diaiiiiiie 
1,2-propanediamiiie 


Acetylacetonato 

2,2 “dipyridine 
Glycioate. ! 


^^iethylenetrianMe^ 


coi" 

C 2 O 4 

NH2--CH^CH2—NH2 
■ NH2—CE—CH2—NH2 1 
CH, I 

0“ o / 

1 II I ■ 

CH3— C =;=CH—C—CH3 



l2”CDO- -_^ -V_ 



""OCX:™ 

-CH2\ 

. /CH2- 


Ethytenediaminetetraacetate 


/ 

>N—CHj—CHj— n( 





\h 2 ~ 

~-C 00 “ 


OX 

en 

pn 


acac 

bipy 


dien“ 


edta 


bidentate 

bidentate 

bidentate 

bidentate 


bidentate 

bidentate 

bidentate. 

■'■■trideiitate^- 


hexadentate 


Note : (i) The ligands having two or more donor atoms are also called 
polytotate or multidentate ligands. 

(ii) A multidentate ligand is known as a chelating ligand if on 
coordination it results in formation of a closed or cyclic ring. 
The complexes thus formed are called Chelates, The chelates 
are comparatively more stable than ordinary complexes. 

(iii) Polydentate ligands have flexidentate character. It is not 
necessary that aO the donor atoms present in the polydentate 
ligands should form coordinate bonds with central metal atom 
or ion. For example, ethylenoJi^untne tetjmcetic acid (EDTA) 
which is hexadentate ligand can function as pentadentate or 
tetradentate ligand with certain metal ions. Similarly sulphate 
ion can also act as monodentate ligand. 

(iv) There are certain ligands which have two or more donor atoms 
but in forming complexes only one donor atom is attached to 
metal ion. Such ligands are called ambideutate ligands. Some 
examples of such ligands are: 


M f 

^ NO2 

M <r 

ONO 


Nitro 


Nitrito 

Mf 

- CN 

M<- 

— NC 


Cyano 


Isocyano' 


SCN 

M <r 

— NCS 


Thiocyanide 


Isothiocyanide 


^ 2 . Coordination number 

The number of atoms of the ligands that are directly bound 
to the central metal atom or ion by coordinate bonds is known 
as the coordination number of the metal atom or ion. It is 
actually , the number of chemical bonds which the ligands form 
with the central metal atom or ion. For example, in [Cu(NH 3 ) 4 ]^'^ 
the coordination number of copper is 4, in [Co(en) 3 ]^'^ the 
coordination number of cobalt is 6 as (en) is the bidentate 


ligand. The most common coordination numbers exhibited by 
metal ions are 2,4 and 6. The light transition metals exhibit 4 
and 6 coordination numbei^ while heavy transition metals may 
exhibit ccx>rdmation number more than 6. It has been observed 
that in a particular oxidation state, a metal prefers to exhibit the 
same coordination number. 


C.N. = S Number of ligands x Dentate character of ligands 


Some other examples : 

Complex 


K4[Fe(CN)6] 

[Ag(CN)2]- 

[Pt(NH3)2Cl2] 

[Ca(edta)]^- 

(edta is a hexadentate ligand) 


Coordination number 
of central metal 

6 

2 

4 

6 


w 3 . Coordination sphere or Coordination 
entity and counter ions 

The central nietal atom or ion and the ligands that are directly 
attached to it are enclosed in a square bracket. This has been 
called coordination sphere or first sphere of attraction or 
coordination entity. It behaves as a single unit because the 
ligands present in the coordination sphere are held tightly by 
the metal ion. Any ion present outside this sphere is separated 
from the complex when the compound is dissolved in the 
water, or any other polar medium. The iomzable groups written 
outside the bracket are called counter ioi^. 

K4[Fe(CN)6] ^ 4K* + [Fe(CN)6]^ 
[Co(NH 3 ) 6 ]Cl 3 ^ [Co(NH3 )6]3+ + 3a- , 










Coordination Compounds and Organometallics 

The charge on the complex ion is the algebraic sum of the 
charges carried by central metal ion and the ligands attached 
to it. 

Charge on the complex ion = Oxidation number of metal ion 

+ charge on the bgands 
For illustration, see following examples: 

Example 1. Assign the charge on the following ions: 

(a) [//g(CiV)4]^ ^ (b) [CoiNHj)2Cl4f, (c) [FeiCmef- 
Solution. 

(a) The oxidation state of Hg in the complex is +2; So 

X = + 2 + 4 X (-1) = -2, i.e., [Hg(CN) 4 ]^“ 

(b) The oxidation state of Co in the complex is +3; So 

x = + 3 + 2 X 0 + 4 X (-1) 

- T-l, i.e., [Co(NH3)2C4]“ 

(c) The oxidation state of Fe in the complex is + 2; So 

X = + 2 + 6 X (-1) 

= -4, i.e., [Fe(CN)6l^ 

If the oxidation state of Fe in the complex is + 3; 
x = + 3 + 6 X (—1) 

= -3, i.e., [FeCCNig]^ 

Example 2. Determine the oxidation state of metal in the 
complex ion, \PtCl^~. 

Solution. Charge on the complex ion = Oxidation state of 

metal + charge on ligands 
-2 = x + 6 X (-1) 

or jc = + 4 

The oxidation state of Pt in the complex ion is + 4. 

^ 4. Coordination polyhedron 

In the coordination sphere, the ligands attached to the central 
metal atom or ion occupy definite positions around the metal 
atom of ion in space giving a definite geometry to the complex 
ion or coordination entity. The spatial arrangement of the 
ligand atoms which are directly attached to the central 
atom or ion is called coordination polyhedron. 

The generally observed coordination polyhedra are tetra¬ 
hedral, square planar, octahedral, square pyramidal, and trigonal 
bipyramidal. 


7S9 


L 



L 

Tetiahedral ' Square planar Octahedral 

L 



L 


Square planar Trigonal bipyramidal 

^ 5. Effective atomic number (EAN) 

Ligands are attached with the central metal ion through 
donor atoms. Each donor atom donates one electron.pair to the 
central metal ion, ie,, the central metal atom or ion gains 
electrons from the donor atoms. In order to explain the stability 
of the complex, Sidgwick proposed effective atomic number 
abbreviated as EAN, which is defined as the resultant number 
of el^trons with the metal atom or ion after gaining 
electrons from the donor atoms of the ligands. The effective 
atomic number (EAN) generally coincides with the atomic 
number of next inert gas in some cases. EAN is calculated by 
the following relation: 

EAN = Atomic number of the metal ~ number of electrons 
lost in ion formation + number of electrons gained 
from the donor atoms of the Ugands 
The EAN values of various metals in their respective 
complexes are tabulated below: 


Complex Metal (Oxid, state) At No. of metal Coordination number Effective atomic number 

K 4 [Fe(CN) 6 ] +2 26 . 6 (26 - 2) + (6 x 2) = 36 [Kr] 

[Cu(NH 3 ) 4 ]S 04 +2 29 , 4 (29 - 2) + (4 x 2) = 35 

[Co(NH 3 ) 6 ]Gl 3 +3 27 6 . (27 - 3) + (6 x 2) = 36 [Kr] 

Ni(CO )4 . 0 - 28 4 (28 0) 4- (4 X 2) - 36 [Kr] 

K 2 [Ni(CN) 4 ] 4-2 28 4 (28 - 2) 4-(4 x 2) = 34 ' 

K 2 [PtCl 6 ] +4 78 6 . (78 - 4) 4 - (6 X 2) = 86 [Rn] 
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K3[Cr(C204)3] 

+3 

24 

6 

(24 - 3) -h (6 X 2) = 33 

K3[Fe(CN)6] 

+3 

26 

6 

(26 ™ 3) + (6 X 2) = 35 

K2lHgl4] 

+2 

80 

4 

(80 - 2) -h (4 X 2) = 86 [Rn] 

[Ag(NH3)2lCl 

+ l 

47 

2 

(47 - 1) + (2 X 2) = 50 

KjiPdCUl 

+2 

46 

4 

(46 - 2) + (4 X 2) = 52 


Just as the octet is useful in formulating the bonding in 
compounds of the light elements, the notion of an EAN provides 
a rough guide for bonding in coordination compounds. Quite 
a few, but not all, metals achieve the EAN of a noble gaS 
through coordination (see above table). The EAN concept has 
been particularly successfiil for complexes of low valent metals 
(oxidation state < +2). 

6. Homoleptic_ai!id_h^^^ 

Complexes in which a metal is bound to only one kind of 

-2 I 

donor groups, e.g., [Cr(NH 3 ) 5 ] are known as homoleptic. 
Other examples are :[Fe(CN)6]^", etc. 

Complexes in which a metal is bound to more than one 
kind of donor groups are known as heteroleptic. Examples 
are : [Co(en) 2 Cl 2 f, [Crm3)4Ch]\ [Fe(H 20 ) 4 (C 204 )]n. 

etc. 

7. Homonuclear and polynuclear complexes 

Complexes in which only one metal atom is present are 
known as homonuclear complexes. Complexes in which more 
than one metal atom, is present are known as polynuclear 
complexes. 

15.3 NOMENCLATURE OF COORDINATION 
COMPOUNDS 

Since several thousands of complexes (coordination com¬ 
pounds) are known and the number is constantly increasing, 
it is necessary to adopt a uniform system of naming these 
compounds. The International Union of Pure and Applied 
Chemistry (lUPAC) published rales for the systematic naming 
of coordination compounds in 1957. Some modifications in 
these rules were made in 1962 and 1971. 

However, trivial names for certain coordination compounds 
are still in use, e.g., K 4 [Fe(CN) 6 ] and K 3 [Fe(CN)^] are called as 
potassium ferrocyanide and potassium ferricyanide even today. 

The following rules are adopted these days for naming all 
types of coordination compounds: 

(1) If a coordination compound is ionic, the name of cation 
is given first whether or not it is the complex ion followed by 
the name of the anion just like naming a simple salt. The names 
of cation and anion are separate by a space. 

(2) Within a complex ion, the ligands are named fimt followed 
by the metal ion. 


Names of the Ligands 

(i) Anionic ligands ending with -ide are named by replacing 


-ide with suffix -o or ireplacihg -e by -o. 


Anloij 

Chloride 

Bromide 

Cyanide 

Oxide 

' 1 

SyiAboI 

d“ 

Br" 

CN” 

0 ^“ 

Name as ligand 

Chlorido 

Bromido 

Cyaoo 

Oxo 

Peroxide 


. 0I" . 

Peroxo 

Hydroxide 


OH" 

Hydroxo 

Sulphide 


S^" 

Sulphide 

Amide 


NH2 

Amido 

Nitride 


N3- 

Nitrido 

Phosphide 


p 3 - 

Phosphide 

Ligands whose names end in -ite or -ate become -ito or 

-ato, Le,, 

by replacing the ending 

-e with - 0 . 

Anion 

Symbol 

Name as 

ligand 

Carbonate 

col 

Carbonate 

Oxalate 

C201 

Oxalato 


Sulphate 

sol 

Sulphate 


Nitrate 

N03 

Nitrate 


Sulphite 

sol 

Sulphito 


Acetate 

CH 3 COO Acetato 


Nitrite 

fONO" 

(bondol through oxygen) Nitrito-o 


1 nO£ 

(bonded through nitrogen) Nitrito-n 



or Nitro 



(ii) Neutral ligands are called with the same names as their 
neutral molecules or with their special names, e.g., 


CgHsN or Q]-> Pyridine 

PH 3 -> Phosphine 

(C 6 H 5 ) 3 P-> Triphenylphosphine 


H 2 N—CS—NH 2 

Thiourea 



Dipyridyl 


H 2 O Aquo (Aqua) 
CO Carbonyl; 

CS Thiocarbonyl; 


NH 3 Ammine 
NO Nitrosyl; 

NS Thionitrosyl 


Note : In the case of poly-dentate amino ligands we use single ‘m’ in 
the spelling, Le., amine is written, 


/CH 2 —CH2\ 
en; ISrH 2 


NH 2 ethylenediamine 

(ethane- 1 , 2 -diamine) 









Coordination Compounds and Organometallics 


761 


(iii) Positively charged ligands have suffix -ium. 

NH 4 Ammonium; NO^ Nitrosylium; 

NH 2 — NH 3 Hydrazinium; NO 2 Nitronium 

(iv) If the number of a particular ligand is more than one in 
the complex ion, the number is indicated by using Greek numbers 
such as di, tri, tetra, penta, hexa, etc. 

However, when the name of the ligand includes a number, 
e.g., dipyridyl, ethylenediamine, then bis, tris, tetrakis are used 
in place of di, tri, tetra, etc. 

(v) Order of naming ligands : When more than one type 
of ligands are present, they are named in alphabetical order 
without separation by hyphen. This rule has come in force 
after 1971 convention. 

Note : In the old systejoa, (i) the- hgands am named in of 

_ neg ative, neu tral and positive without separation_by hg?hens. - 
" (ii) whan there are several Hgands of same Mnd, these are listed 
alphabetically. 

For example, in the complex [Cr(NH 3 ) 4 Cl(N 02 )]^, the 
ligands are named in the order of ammine, chlorido and 
nitiito-N in accordance to new convention. However, according 
to old convention, the ligands are named in the order of chlorido, 
nitrito-N and ammine (first negative ligands in alphabetical 
order and then neutral ligand). 

(3) The oxidation state of the central metal is shown by 
Roman numeral in bracket immediately following its name. 

(4) Complex positive ions and neutral coordination com¬ 
pounds have no special ending but complex negative ions always 
end in the suffix -ate. In most of the cases, the suffix -ate is 
fixed to English names of the metals but in some cases -ate is 
fixed with Latin names of metals. 

Name of components present in coordination sphere are 
written in continuum, e.g., 


KalFeCCNIsNO] Potassium pentacyanomtrosylferrate(n) 

Continuum 


Element 

Metal as named m anionic complex 

Cobalt 

Cobaltate 

Nickel 

Nickelate 

Chromium 

Chromate 

Iron 

Ferrate 

Copper 

Cuprate 

Silver 

Argentate 

Lead 

Plumbate 


Note : In the case of mercury we may use both mercurate and 
hydrazinate. 

(5) The name of the neutral coordination compound is given in 
one word only as the name of Ni(CO )4 is tetracaibonylnickel (0). 
The following examples will make the rales more clear. 


Coordination compounds containing complex cationic ion: 

[Pt(NH3)5]Cl4 Hexaammineplatinum(IV) chloride 

[C 0 (NH 3 ) 4 H 20 C 1 ]C 1 Tetraammineaquochloridocobait(III) chloride 

[Cu(en)2] SO4 Bis (eithane- 1 , 2 -diamine) copper(II) sulphate 

[Cr(H 20 ) 4 Cl 2 ]^ TetraaquodichloridochroniiumCni) ion 

[Fe(H20)4(C204)]2S04 Tetraaquooxalatoiron(III) sulphate 
[Cr(NH3)4(0N0)Cl]N03 Tetraamminechloridonitrito-a-chromium(IEI) 
nitrate 

[Ag(NH3)2]Cl Diammine silver(I) chloride 

[Co(NH3)5(NCS)]Cl2 Pentaammineisothiocyanatocobalt(ni) 

chloride 

[{(C6H5)3P}3Rh]Cl Tris (triphenylphosphine) rhodium(I) 

chloride 

Coordination compounds containing complex aniomc ion: 

K4[Fe(^)6]_ Potassi um he x acyan oferrate ( P)_ 

K3[Fe(CN)6] Potassium hexacyanoferrate 01) 

K3[Cr(C204)3] Potassium trioxalatochromate (HI) 

K3[Co(C204)2Cl2] Potassium dichloridodioxalatocobaltate (HI) 

K2[Hgl4] Potassium tetraiodidomercurate (II) 

KalPtClg] Potassium hexachloridoplatinate (IV) 

Na[Ag(CN)2] Sodium dicyanoargentate (I) 

[Ni(CN)4]^“ Tetracyanonickelate(n) ion 

Na 3 [Co(N 02 ) 6 ] Sodium hexanitrocobaltate (HI) 

K3[Fe(CN)5NO] Potassium pentacyanonitrosyl ferrate (H) 

Coordination compounds containing complex cationic and 
anionic ions : 

[Cr(NH3) g] [Co(CN)g] Hexaammkechromium (III) 

hexacyanocobaltate (III) 

[Pt(NH3)4][CuCl4] Tetraammineplatinum 0 ) 

tetrachloridocuprate (II) 

[Cr(NH3)6] [€0(0204)3] Hexaamminechromium (III) 

trioxalatocobaltate (III) 

[Pt(py)4][PtCl4] Tetrapyridine platinum ( 11 ) 

tetrachloridoplatinate (II) 

Non-ionic cwrdination compounds : 

Fe(CO)5 Pentacarbbnyliron( 0 ) 

[Co(N02)3(NH3)3] Triamminetrinitro cobalt (IH) 

Cu(Gly)2 Diglycinatocopper (11) 

Ni(DMG)2 Bis (dimethylglyoximato) nickel (II) 

(6) Bridging gn>ups in bidentate ligands : In a 
polyatomic complex which contains two or more central metal 
ions, the ligands which act as bridge between two metal atoms, 
the Greek letter p (mu) separated by a hyphen is written before 
their names. For example, the complex 


(en2)Co 



( 864)2 is named as: 


Bis (ethane-1,2-diamine) cobalt(III)-p-amido-p-hydroxo bis 
(ethane-1,2-diamine) cobalt(III) sulphate 




762 


Or 

Tetrakis (ethane-1,2-diamine) -ji-amido-n-hydroxodicobalt (HI) 
sulphate. 

/OH\ 

(H20)4Fe< >Fe(H20)4 


, The complex 
named as: 


\ 


OH'" 


(804)2 is 


Tetraaquoiron(in) -p-dihydroxotetraaquoiron(in) sulphate. 


Writing the formula of a coordination 
compound from its lUPAC name 

Following rules are followed in writing the formula of a 
coordination compound : 

1. Formula of the cation whether simple or complex is 
written first, followed by that of an anion. 

2; The GoofdiMfion sphere % w^ 

3. The following sequence of symbols within the coordination 
sphere is followed: 

(i) Metal atom (ii) Anionic ligands 

(iii) Neutral ligands (iv) Cationic ligands 

(a) If there are, a number of ligands of same type (anionic, 
neutral or cationic), they are listed alphabetically, according to 
first alphabet of their formula. For example, if NO 3 , SO 4 ™, 
OH™, Br™, etc., are present, they are written as Br”, NO 3 , OFT 
and SO 4 " 

(b) When two ligands have same defining atom, the ligand 
with fewer such atoms is cited first followed by the ligand 
having more atoms. For example, SOl” precedes S 2 C^~. 

(c) When the number of defining atoms are same, 
subsequent, symbol decides the sequence. For example, NH 2 
precedes NQ 2 because H comes before O. 

4 Polyatomic ligands are enclosed in parentheses but all 
ligands are formulated without any space in between. 

5, The number of cations of anions to be written in the 
formula is calculated on the basis that total positive charge on 
the cation must be equal to the total negative charge on the 
anion, as the complex as a whole is electrically neutral. 

6 . Sometimes abbreviations for certain ligands are used in 
parentheses instead of their structural formulae. For example, 


(en) 

ethylenedianaine 
(ethane-1, 2-diarmne) 

(dmg) 

dimethylglyoximato 

(dien) 

diethylenetdamine 

(py) 

pyridine (pyridyl) 

(trien) 

triethylenetetraainine 

(phen) 

1 ,10-phenanthroline 

(acac) 

acetylacetonato 

(gly) 

glycinato 

(dipy) 

dipyridyl 

(tripy) 

tripyridyl 

(edta) 

1 ethane-1,2-diamme 

(ox) 

oxalato 


Few examples are given here to explain the above rules. 

Potassium aminiuetricliloridoplatiiiate(II) 

Cation : K^; Anion : [PtCl 3 (NH 3 )f 

X = oxid. number of Pt + algebraic sum of 
charges carried by ligands 
= + 2 + 3 X (-1) + 0 =-1 
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Thus, the charge on the complex anion is -1. 

Therefore, the formula of the coordination compound is 
K[PtCl 3 (NH 3 )] 

2. Tetraaiiinuneaquachloridocobalt(III) chloride 

Cation : [CoCl(H 20 )(NH 3 ) 4 f 

. X = oxid. number of Co + algebraic sum of 

the charges on the ligands 
= +3 + (— l) + 0-f-4x0 = -t2 

Anion = CF 

(Two anions neutralise the charge on the cation) 
Therefore, the formula of the given coordination compound 
is 

[CoCl(H20)(NH3)4]Cl2 

3. Tetraaininuiedlaquacobalt(IlI) chloride 

- Cation- 4 --[Co(lffl 3 ) 4 (H 20 ) 2 ]^-..- - 

+3 -t- 0 + 0 = X 
X = 3 

.'. Molecular formula of the complex is : 

[C0(NH3)4(H20)2]Cl3 

4. Sodium ethane-1,2-diaiiiinetetraacetatochromate(n) 

Cation: Na’*' 

Anion ; [Cr(edta)]^ 

X = oxid. state of chromium + algebraic sum 
of charges on the ligands 
— +2 (— 4) X 1 = —2 

Thus, two Na"^ ions should be present in the complex to 
neutralize the charge. 

Therefore, molecular formula of the complex will be 
Na 2 [Cr(edta)] 

WERNER’S COORDINATION THEORY 

Wemer, in 1893, proposed coordination theory to explain the 
properties and structures of various metal ammines of cobalt, 
chromium, platinum, etc. It was first successful attempt which 
satisfactorily described the formation of coordination com¬ 
pounds from stable molecules. The important postulates of 
coordination theory are: 

1 . Every element exhibits two types of valencies: 

(a) Primary valency and (b) Secondary valency. 

In modem terminology, primary valency corresponds to 
the oxidation state of the central metal and secondary valency 
represents the coordination number of the metal. Primary 
valency is satisfied by negative ions. This is also called principal, 
ionisable or ionic valency. Its attachment to the metal is 
shown by dotted lines. 

The secondary valency is satisfied by neutral molecules or 
negative ions. This valency is non-ionic or non-ionisable. The 
donor atoms of the ligands which satisfy the coordination 
number are directly attached to the metal atom and shown by 
thick lines. Thus, the coordination compound, CoCl 3 ' 6 NH 3 , 
may be represented as: 
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Every metal has a fixed coordination number. For example, 
Co(in) and Pt(rV) were recognised as having coordination 
number 6 while Cu(n) has 4. In order to designate materials 
held by secondary valencies, it has become customary to 
enclose the metal and all such materials in square bracket when 
writing formulae. For example, coordination compounds such 
as C(d 3 - 6 NH 3 and PtCl 4 - 6 NH 3 are written as [Co(NH 3 ) 6 ]Cl 3 
and tPt(NH 3 ) 6 ]Cl 4 respectively. 

2 ; Every element te^^ both ifs^ pmna^ and 

secondary valencies. A negative ion when present in the 
coordination sphere shows a dual behaviour. It may satisfy 
both primary and secondary valencies. The presence of negative 
ion in the coordination sphere reduces the charge on the complex 
ion by the amount of charge possessed by it and the negative 
ions present in the coordination sphere are not ionised. Thus, 
the following coordination compounds will have varying number 
of ionisable chlorine atoms but coordination number remains 
the same. 


Coordination 

compounds 

Modem 

formula 

Charge on 
the cation 

Coordination 

number 
(secondary val.) 

Primary valency 

Total no. of 

ions 

PtCl4-6NH3 

[Pt(NH3)6]Cl4 

4-4 

6 

4 

5 

PtCl4‘5NH3 


4-3 

6 

4 

4 

PtCl44NH3 

[Pt(NH3)4Cl2]Cl2 

^2 

6 

4, 

3 

PtCl4-3N53 

[Pt(NH 3 ) 3 Cl 3 ]a 

+1 

6 

4 

2 

PtCi4*2NH3 

[Pt(NH3)2Cl4] 

0 

6 

4 

Non-electrO" 






lyte 


3 . TEe ligands which satisfy the secondary valencies are 
directed towards fixed positions in space. The geometry of the 
complex ion depends on the coordination number. If the metal 


L 



Octahedral 



Square planar Tetrahedral 


has coordination number 6 , the complex is octahedral, i.e., 
six positions around the metal are occupied by six donor 
atoms of the ligands octahedrally. On tte other hand, if the 
coordination number is 4, the geometry of the complex may 
be tetrahedral or square planar. This postulate predicted the 
existence of different types of isomerism in coordination 
compounds. 

Examples : 

Octahedral Square planar Tetrahedral 


[CrCNHslef^; 

[Co(NH3)6f^[Cr(H20)6]^; 
[Fe(CN)6l^: [Fe(F6)]h 
[Pt(NH3)6]^+;[PtCl6l^: 


[Ni(CN)4]=^; [Ni(CO)4]; 

[Ni(NH3)4l^^; [CuX4f-; [ZnCfi]^ 

[Cu(NH3)4]^n tNiX4]2- 

y = a~. Br~ , r 


fe [Go(NH 3 ) 4 Gl 2 ]Gl, Werner was able to isolate two isomers;^ 
He predicted an octahedral structure for coordination number 
6 , because only octahedral structure can form two isomers 
(1, 2- and 1, 6 -), The planar hexagonal and trigonal prism 
arrangements will give three isomers each. 



Cl 



1,6“ or trans-isomer 


Similarly, the existence of two geometrical isomers of the 
complex, Pt(NH 3 ) 2 Gl 2 , was proved by accepting square planar 
configuration. 

The postulates of Werner’s coordination theory were actu^ly 
based on experimental evidences rather than theoretical. A large 
number of metal ammines were studied by Werner using molar 
conductance values as to ascertain the number of ions per 
molecule and chemical methods such as precipitation of GFby 
AgN 03 as to determine the number of ionisable GI” ions per 
molecule. The following experimental data regarding cobalt 
ammines well supported the postulates that the secondary 
valency of 6 is maintained in all the cobalt ammines and when 
the GF ion enters the coordination sphere, it decreases the 
positive charge on the complex ion by one unit. 



C/s-isomer 



Trans-Isomer 
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Molecular fommla 

Molar conductance 

No, of ions in lonisaMe CF iom 

molecule (precipitation with AgNOs) 

Secondary valency 

Ionic formulation 

C 0 CI 36 NH 3 

430 

4 

3 

6 

[Co(NH 3 ) 6 ]Cl 3 

C 0 CI 35 NH 3 -H 2 O 

430 

4 

3 

6 

[CoCNHalsHjOJCla 

C 0 CI 35 NH 3 

250 

3 

2 

6 

[Co(NH 3 ) 5 Cl]Cl 2 

C 0 CI 34 NH 3 

100 

2 

1 

6 

[C 0 (NH 3 ) 4 Cl 2 ]Cl 

C 0 CI 33 NH 3 

0 

Non-electrolyte 


6 

[GoCNHslsCy 

Wemer theory 

is also supported 

by the conductance 

[Pt(NH3)4Cl2]Br2 

and 

[Pt(NH3)4Br2]Cl2 


measurements. 

[Co(H20)6]Cl3 

(A) 

[Co(H20)6Cl2] 


[Co(H20)5Cl]Cl2 

(B) 


[Co(H20)4Cl2]Cl 

(C) 


In above complexes A, B, C and D, the primary valency is 
satisfied by 3, 2, 1 and 0, CF ions respectively. Thus, conduc¬ 
tance of equimolar aqueous solution of these complex lie in 
following order; 

A>B>C>D 

15.5 1 ISOMERISM IN COORDINATION 
COMPOUNDS 

The compounds having same molecular formula but different 
physical and chemical properties on account of different 
structures are called isomers and the phenomenon as 
isomerism. Isomerism in coordination compounds may be 
divided into two main types: 

(1) Stractural isomerism, (2) Stereo-isomerism 

1. Structural Isomerism 

It is displayed by compounds tiiat have different ligands 
within their coordination spheres. The different types of 
structural isomerism shown by coordination compounds are 
discussed below: 

(i) Ionisation isomerism : This type of isomerism arises 
when the coordination compounds give different ions in solution. 
For example, there are two isomers of the formula 
Co(NH 3 ) 5 BrS 04 , 


[Co(NH3)5Br]S04 

(Violet) 


[Co(NH3)5Br]^'' + SOf 

Pentaamminebromido- 
cobalt(III) ion 


This isomer gives a white precipitate of BaS 04 with BaCl 2 
solution, 

[po(NH 3 ) 5 S 04 ]Br ^ [Co(NH 3 ) 5 S 04 ]+ + Br~ 

I (Red) Pentaamminesulphato- 

cobalt(III) ion 

Above isomer gives light yellow pr^ipitate with AgN 03 
solution. Other examples of ionisation isomerism are: 


Tetraamminedichiorido- 
pIatirmm(IV) bromide 

[Co(NH3)4Cl2]N02 

Tetraamminedichlorido- 
cob^t(lII) nitrite 


and 


TetraamminedibromidO" 
platinum(IV) chloride 

[Co(NH3)4C1N02]C1 
Tetraamminechloridonitrito-/!- 
cdbalt(ni) chloride 


(ii) Hydrate isomerism f This type of isomerism arises" 
when different number of water molecules are present inside 
and outside the coordination sphere. This isomerism is best 
illustrated by the three isomers that have the formula 
CiCl3-6H20. 

(a) [Cr(H20)g]Ci3—Violet. All the six water molecules are" 
coordinated to Cr, It has three ionisable chloride ions. 

(b) [CrCHaOlsClJCh-H 2 O—Green. Five water molecules 
are coordinated to Cr. It has two ionisable chloride ions. One 
water molecule outside the coordination sphere can be easdy 
lost. 

(c) [Cr(H20)4Cl2]Cl-21120—Green. Four water mole¬ 
cules are coordinated to Cr, It has one ionisable ion. Other 
examples of hydrate isomerism are: 


[Co(NH 3 ) 4 H 20 Cl]Br 2 and 

Tetraammineaquochlorido- 
cobalt(in) bromide 

[Cr(en) 2 (H 20 )Cl]Cl 2 and 

Aquochlorido bis (ethylenediamine) 
chioinium(in) chloride 


[Co(NH3)4(Br)2]Cl-H20 

TetraammiHedibromidocobalt(in) 
chloride monohydrate 

[Cr(en)2a2iClH20 

DicMorido bis (ethylenediamine) 
chromium(in) chloride 
monohydrate 

(III) Coordination isomerism; This type of isomerism 
is observed in the coordination compounds having both cationic 
and anionic complex ions. The ligands are interchanged in both 
the cationic and anionic ions to form isomers. Some examples 
are : 


[Pt(NH 3 ) 4 ][CuCl 4 ] and 

Tetraammineplatinum(II) 

tetrachloridocuprate(II) 

[Cr(NH 3 ) 6 ][Co(C 204 ) 3 ] and 

Hexaamminechromium(lil) 
trioxaiatocobaltate(III) 


[Cu(NH 3 ) 4 ][PtCl 4 ] 
Tetraamminecopper(n) 
tetrachlori doplatinate(Il) 

[Co(NH3)6][Cr(C204)3] 
Hexaamminecobalt(III) 
trioxalatochromate(in) 


[Cr{NH3)6][Cr(SCN)6] 

Hexaamminechromium(ni) 

hexathiocyanatochromate(ni) 



Coordination Compounds and Organometallics 


and [Cr(NH 3 ) 4 (SCN) 2 ][Cr{NH 3 ) 2 (SCN) 4 ] 

TetraaiiuTunedithiocyanatocliromiumCIII) 

cliamininetetrathiocyanatochromate(in) 

(iv) Linkage isomerism : This type of isomerism occurs 
in complex compounds which contain ambidentate ligands 
like NO 2 , SCN", CN” S 2 O 3 ” and CO. These ligands have two 
donor atoms but at a time only one atom is directly linked to 
the central metal atom of the complex. These types of isomers 
are distinguished by infra-red (I.R.) spectroscopy. For example, 
[Co(NH 3 ) 5 N 02 ]Cl 2 and [Co{NH 3 ) 50 NO]Cl 2 are linkage 
isomers as NO 2 is linked through N or through O, 

[Co(NH 3 ) 5 N 02 ]Cl 2 and [Co(NH 3 ) 50 NO]Cl 2 
Pentaainmmemtrito-«“Cobait(III) Pentaaininineiiitrito-o-cobalt(in) 
chloride (yellow) chloride (red) 

Another example of this type of isomerism is: 


[Pd(dipy)(SGN) 2 ] and [Pd(dipy)(NCS) 2 ] 

DipyridyldithioGyanatG- - DipyridyldiisothiocyaTiato- 

palladium(n) palladium(n) 

(v) Polymerisation isomerism : This type of isomerism 
exists in compounds having same stoichiometric composition 
but different molecular compositions. The molecular composi¬ 
tions are simple multiples of the simplest stoichiometric 
arrangement. For example in the following three compounds, 
the second and third compounds are polymers of the first 
[Pt{NH3)2Cl2] ; [Pt(NH3)4][PtCl4]; [Pt(NH3)3Cl]2[PtCl4] 

(i) (ii) (iii) 


[Note : (ii) and (iii) compounds are actually not the examples of 
polymerisation, Le., (i) compound is not acting as a monomer 
in the formation of (ii) and (iii) Compounds.] 

(vi) Coordination position isomerism : This type of 
isomerism is exhibited by polynuclear complexes by changing 
the position of ligands with respect to different metal atoms 
present in the complex. For example, 

/NH2N 

; (NH3)4Co<! '>Co(^TH3)2Cl2 

^02-^ 

Unsymmetrical 

(Both the chloro ligands are with same cobalt ion.) 


and 


/NH 2 . 

(NH3)3ClCo<f ^Co(NH3 )3C1 

^02^ 

Symmetrical 

(Same ligands are linked with both cobalt ions.) 


2 . Stereo-isomerism 


Compounds are stereo-isomers when they contain the same 
ligands in their coordination spheres but differ in the way that 
these ligands are arranged in space. Stereo-isomerism is of 
two types, VIZ., geometrical isomerism and optical isomerism. 
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(1) Geometrical isomerism i This isomerism is due to 
ligands occupying different positions around the central metal 
atom or ion. The ligands occupy positions either adjacent or 
opposite to one another. This type of isomerism is also known 
as cis- and trans- isomerism. 

Geometrical isomerism is very much common in coordination 
number 4 and 6 complexes. 

Square planar complexes (coordination numter four) 
exhibit geometrical isomerism. 

(i) Complexes with general formula, Ma 2 b 2 (where both a 
and b are monodentate) can have cis- and trans-isom&rs. 



Cl HM 


Pt 


NHa Cl 


NHo 


Cl 


TransHSomer C/s-isomer 


Trans 


Cis 


[PtCNHsl^CIal^ 

(ii) Complexes'wi^^ geherd formula, 
and trans-isomers. 


can have cis- 



NH3 H3N 
NOg Cl 


. 

F 


R 


NOg 

NH 3 ' 


Cis 


Trans 


Cis 


Trans 


[Ma2bc] [PUNHalgCINOg] 

(iii) Complexes with general formula, Mabcd can have three 


isomers. 


M 

b a 

\ / 
M 

d 

a 



c c 


b 

c 

/ \ 


(i) (ii) (iii) 

Example: [Pt(NH3)(NH20H)(N02)(py)]N02. 

(iv) Square planar complexes having unsymmetrical bidentate 
ligands can also show geometrical isomerism. For example, 
platinum glycinato complex, [Pt(Gly) 2 ], exhibits geometrical 
isomerism. 



— NHg^ ^O- 

Trans-isomer 

[Ma 4 ]”~ and [Ma^bT^ type square planar complexes do 
not show geometrical isomerism. 

Tetrahedral and Linear complex^ 

These complexes do not show geometrical isomerism 
because the geometry of these ligands is definite, e,g,, in 
tetrahedral complexes, any two ligands lie at 109®28'; while in 
linear complexes, the two hgands lie at 180®. 















766 


GR.B. Inorganic Chemistry for Competitions 


Octahedral complexes of the type Ma4b2 and Ma^b^ exhibit 
geometrical isomerism. 


b b b b 



a b 5 b 

^Cis _ Trans. ^CIs Trans^ 

lMa4b2] . IMaM 

Example: [Co(NH3)4Cl2]Cl, [Co(NH3)3Cl3] 

Octahedral complexes of general formula, Mabcdefi can 
have fifteen geometrical isomers. 


Facial and Meridional Isomers 

A set of three ligands (similar) may be arranged on an 
octahedron in all cfMashion, giving facial or ‘fac' isomer. In 
other words, three simflar ligands on the same face of 
octahedron give rise to the facial isomer. 


NH. 



A set of three similar ligands may be arranged on an 
octahedron with one pair trans (meridian of octahedron), giving 
rise to meridional or 'mer’ isomer. 

NH3 


a 



* 1,2,6 or meridional isomer 

Nrl3 

Note: 1. Geometrical isomerism is not observed in complexes of 
coordination number 2 and 3. 

2. Geometrical isomerism is not observed in complexes of 
coordination number 4 of tetrahedral geometry. 

3. The complexes of general formulae, Ma^b or Mab^, or Ma 4 , of 
square planar geometry do not show geometrical isomerism, 

4. The complexes of general formulae, Ma^ and Ma^b^ of 
octahedral geometry do. not show geometrical isomerism. 

5. *Fac' and 'meF isomers of an [Ma’^b'^] octahedral complex are 
optically inactive. 

( 2 ) Optical isomerism : A coordination compound which 
can rotate the plane of polarised light is said to be optically 
active. When the coordination compounds have same formula 
but differ in their abilities to rotate directions of the plane of 
polarised light are said to exhibit optical isomerism and the 


molecules are,optical isomers. The optical isomers are pair of 
molecules which are non-superimposable mirror images of 
each other. The essential requii^ment for a substance to 
be optic^y active is that the substance should not have 
a plane of symmetry in its structure* The isomer which 
rotates the plane of polarised light to right direction is termed 
dextro (rf-form) while the isomer which rotates the plane of 
polarised light to left direction is termed laevo (/-form). The 
two optically active isomers are collectively called enantiomers. 
Enantiomers are mirror image to each other and their physical 
properties are different. 

Optical isomerism is expected in tetrahedral complexes of 
the type Mabcd but no optical isomer has been isolated until 
now. 

However, compounds containing two unsymmetrical 
bidentate ligands have been resolved into optical isomers and 
ar e k nown for B^II), Zn(n) ^d B(III). F or example, 
B/^-benzbylacetonatd-beryffiumip) e:?^hits optic^ isomeSMT 


HsCn^ 


H 


/CH3 
Be G—H 

- )c-O^W 


yCHs' 

H—C Be C—H 






c=o 


\ 


H5C6 


Mirror plane 

Optical isomers rarely occur in square planar complexes on 
account of the presence of axis of symmetry. 

Optical isomerism is very common in octahedral com¬ 
plexes. Octahedral complexes of general formulae, 

[Ma2b2C2f% [Mabcdefl [MiAA)^]"^ [M(AA)2«2]"^ 

(where AA = symmetrical bidentate ligands) 
[M(AA)2a&]"* and [M(AB)3]"* 

(where AB unsymmetrical ligands) 

show optical isomerism. 

Examples : 


(a) [Ma 2 b 2 C 2 r-, [Pt(py)2(NH3)2Cl2]^^ 

2 + 



Cfe-d-isomer 
(b) [Mabcdefl 
Br 


Mirror 



2 + 



C/s-/-isomer 

[Pt(py)NH3N02ClBrI] 

Br 


c^lsomer 


Mirror 
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(c) [M(A4)3]"*; [Coimhf* 


^ (1) Valence bond theory 



3+ 


Mirror 


(d) [M{AA)2a2r^; [Co(en)2Cl2] 



3+ 



Mirror 



Trans form of [M(AA) 2 a 2 f^ does not show optical 
isomerism. 

(e) [MiAAhabf^-, [Co(en) 2 NH 3 Cl]^^ 



2 + 



2 + 


(f) [MiAB)^]; [Cr(gly) 3 ] 



Mirror 



It is the simplest of the three theories and was developed 
mainly by PauUng. It describes the bonding in terms of hybridized 
orbitals of the central metal atom or ion. The theory mainly 
deals with the geometry (?.e, shape) and magnetic properties 
of the complexes. The salient features of the theory are: 

(i) The central metal loses a requisite number of electrons 

to form the ion. The number of electrons lost is the valency 
of the resulting cation. In some cases, the metal atom does not 
lose electrons. . 

(ii) The central metal ion or atom (as the case may be) 

makes available a number of empty p~ and d-atomic orbitals 
equal to its coordination number. These vacant orbitals hybridize 
together to form hybrid orbitals which are same in the number 
as the atomic orbitals hybridizing together. They are vacMt, 
equivalent in energy and have definite geom etry . _ 

Some of hybfidizi^ orbitals met in the 

coordination compounds are listed below: 

(For details see chapter 2 on valency.) 


Coordi- 

number 

lype of 
. bybrl?- ^ 
dization 





2 

1 sp 

1 linear 

[Ag(NH3)2r, [Ag(CN) 2 ]- 

3 . 

sp^ 

Trigonal planar 

[Hglj]- 

4 

sp^ 

Tetrahedral 

Ni(CO) 4 , [Ni(X 4 )]^ [ZnCy^ 
[€ 11 X 4 ]^“, where X = CF, Br', F 


dsp^ 

Square planar 

[Ni(CN) 4 ]^ [Cu(NH 3)4]^' 
[Ni{NH3)4]^^ 

5 

dsp^ 

Trigonal 

Fe(CO) 5 , [Cuey^ 

1 


bipyramidal 



sp^d 

Square 

pyramidal 

[SbFsf-. 

6 ; 

d^sp^ 

Octahedral 

.[Cr(NH3)6]^ [Fe(CN)6]3- 


or 

(Inner orbital) 

|[FeF 6 ]^ [Fe(H 20 ) 6 f^ 


sp^d^ 

(Outer orbital) 




j [Ni(NH3)6]^^ 


Some more examples are : 

[Cr(ox)3f-; [Fe(dipy)3f^; [Cr(ox)2(H20>2r; [Pt(en)3f^ 

1^ BONDING IN COORDINATION 
COMPOUNDS 

Werner was first to describe the structures and the existence 
of various types of isomerism in coordination compounds. 
However,,the nature of bonding between central nietal atom 
and ligands in the coordination sphere has been explained by 
the three welhknown theories. These theories are : 

1. Valence bond theory 

2. Crystal field theory 

3. Ligand field or molecular orbital theory 


(iii) The non-bonding electrons of the metal occupy the 
.inner orbitals. These are grouped in accordance with Hand's 
rule, however, under the influence of some strong ligands, 
there may be some re-arrangement of electrons in the atomic 
orbitals (against Hand's rule). The J-orbitals participating in 
this process of hybridization may be either {n -1) dFsp^ or 
nsp^d\ The complexes thus formed are referred to as inner or 
low spin and outer or high spin complexes, respectively. 

(iv) The ligands have at least one o-orbital containing a lone 
pair of electrons. Vacant hybrid orbitals of the metal atom or 
ion overlap with the a-orbitals containing lone pair or electrons 
of the ligands to form M e- ligand o-bond. This bond is called 
coordinate bond (a special type of covalent bond) and possesses 
a considerable amount of polarity. 
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(v) It is possible to predict the magnetic properties of the complex if the geometry of the complex ion (or vice-versa) is known. 
If the complex contains unpaired electrons, it is paramagnetic in nature whereas if it does not contain unpaired electrons, Le., 
all are paired, the complex is diamagnetic in nature. Complexes having unpaired electron are coloured. 

The number of unpaired electrons and the geometries of the complex ions having central metal ion with configurations 
to are related to each other as shown below: 

The shapes and magnetic nature of some of the common complexes of metals of 3 d-series have been described on the basis 
of valence bond theory in the table given below: 


Number of unpaired electrons for different geometries 


Configuration 


Tetrahedral (sp^ 

% 1 

Square planar (dsp^) 

1 

1 

2 

2 

3 

3 

. 4 ' . 

■■■.' '. 4. 


. . 3 ... 

4 

2. 

3 

1 

.''2"^’ '■ '■■■ 

0 - 

1 

1 ^ 

(Shifted) 


Octahedral 


Inner orbitals 


Outer orbitals (sp^d^) 


(Shifted to higher orbits) 

d^: .• .2--^ ’ '■ '■■■ ' ■ ■ , O'. ' ■ • ’0 .. - - 2 ‘ — 

(2 electrons shifted) 

. \ 1 ^ 1 1 

I . (Shifted) (3 electrons shifted) 

Limitations of valence bond theory: The valence bond theory was fairly successful in explaining qualitatively the 
geometry and magnetic properties of complexes. However, it has a number of limitations, 

(i) The theory does not offer any explanation about the spectra of complex (why most of the complexes are coloured). 

(ii) Sometimes the same metal ion assumes different geometry when formation of complex ion takes place. The theory is 

unable to explain why at one time the electrons are rearranged against the Hund’s rule while at other times the electronic 

configuration is not disturbed. ^ 

(iii) The theoi^^ does not offer an explanation for the existence of inner-orbital and outer-orbital complexes. 

(iv) The theory does not explain why certain complexes are labile while others are inert. 

(v) In the formation of [Cu(NH3)4] , one electron is shifted from 3 d to 4 /?-orbital. The theory is silent about the energy 
availability for shifting such an electron. Such an electron can be easily lost, then why [Cu(NH3)4]^^ complex does not show 
reducing properties. 

(vi) The changes in energies of the metal orbitals on formation of complex are difficult to calculate mathematically. 
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Note : (i) ions which have one, two or three electrons in M 
orbitals prefer to form inner orbital octahedral complexes. 

. (ii) ions which have and (f configurations prefer to 
form outer orbital octahedral complexes. 

(iii) ions which have d^ and d^ configurations may form 

either inner of outer orbital complexes. It depends on the 
nature of the ligand. 

(iv) M""" Ni^, Au^^, etc.) having configuration 

mainly form square planar cximplexes. 

(v) having d^ and d^^ configurations prefer to form 
tetrahedral complexes. 

(2) Crystal field theory 

'"'V- 

Crystal field theory was proposed by H. Bethe (1929) and 
Van Vleck (1932) and was originally applied to ionic crystals 
to explain their optical properties and is, therefore, called crystal 
field theory. However, this theory was applied to the study of 
coordination compounds in 1950. The valence bond theory 
represents the ligand metal bond as covalent, with an electron 
pair, shared between the metal and the ligand donor atom. The 
valence bond theory is frequently used but it is not adequate 
to explain properties of complexes such as colour and 
magnetism. Currently, the bonding in coordination complexes 
is usually described by crystal field theory or ligand field theory. 
This theory accounts for more satisfactory explanation for the 
properties of complexes especially colour and magnetism. The 
main points of the theory are: 

(i) According to crystal field theory, the bonding in complex 
ions is purely electrostatic. This theory regards the ligand atoms 
of ionic ligands such as F”, CF or CNT as negative point 
charges (also called point charges) ^d if the ligand molecules 
are neutral, these are regarded as point dipoles or simply dipoles, 
the negative end pointing towards central metal ion. 



(Ammonia molecule) (Water molecule) 


(ii) The complex is regarded as a combination of a c^tral 
metal ion surrounded by ligands which act as point charges or 
point dipoles. The arrangement of ligands around the central 
metal ion or atom is such that the repulsion between these 
negative points or dipoles is minimum. 

(iii) Interactions between positively charged nucleus of the 

central metal ion or atom and the negatively charged ligands 
are of two types: . 

(a) The attractive forces arise due to the positive metal ion 
and the negatively charged ligands or the negative end of a 
polar neutral molecules. For example, in the case of complex 
ion, [Fe(CN)6]^”, the interactions are between Fe^“^ ion and 
negatively charged CN“ ions whereas in the complex; 
[Cr(NH 3 ) 6 ]^'^, the interactions are between Cr^^ion and 
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negatively charged ends of arrgnonia molecules. These attractive 
forces bind the ligands to die metal ion. The bonds between 
metal and the surrounding ligands are purely ionic. This theory 
does not consider any orbital overlapping. 

(b) The repulsive forces arise between the lone pairs on the 
ligands and electrons in the d-orbitals of the metal or atom. The 
crystal field theory mainly focuses on these repulsive forces. 
These forces are responsible for causing a considerable effect 
on the relative energies of the ^/-orbitals of the central metal ion 
or atom. 

(iv) In a free transition metal or ion, there are five 
<i-orbitals which are designated as and d^. 

The five (i-orbitals are divided into two sets depending on the 
nature of their orientation in space. 

(a) The three d-orbitals {d^y, dy^, d^ which orient in the 
regions between the coordinate axes are designated as t 2 g 
orbitals (pronounced as “f-twp-g’'). ^^qrbitals are threeTold^ 
degenerate. These are non-axial orbitds. 

(b) The other two orbitals {d^__ ^2), d^ which orient along 
the axes are called Cg, orbitals (pronounced as “e-g”). Cg, orbi¬ 
tals are two fold degenerate. These are also called axial-oibitals. 

[The names t^g and are derived from spectroscopic terms.]. 

In a free transition metal ion or atom, all the five li-orbitals 
have same energy, Le., they are degenerate. However, when 
the ligands approach the central metal ion or atom, the electrons 
of the ^/-orbitals of the central metal ion or atom are repelled 
by lone pairs of the ligands. As a result of these interactions, 
the degeneracy, of ^/-orbitals of the metal ion is lost depending 
on the orientation of ligands in space. The rf-orbitals split into 
two sets of orbitals having different energies. This is called 
crystals field splitting. It is the b^is of crystal field theory. The 
extent of splitting depends on the number of ligands and their 
position around the metal atom or ion. The splitting is different 
in different structures with different coordination numbers. 

Splitting of i/-orbitals in octahedral complexes : Let us 
consider an octahedral complex, in which the central 

metal ion is placed at the centre of the octahedron and is 
surrounded by six ligands which reside at the six comers of 
the octahedron as shown below. 


, z 



The electrons in ^-orbitals of the metal cation are repelled 
by negative point charge or by the negative end of the dipole 
of the ligands. This repulsion increases the energy of all the 
five d“Orbitals. If all the ligands approaching the metal cation 
are at an equal distance from each of J-orbitals {Le., the ligand 
field is spherically syrnmetricai), the energy of each of the five 
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Geometry (shape) and magnetic nature of some of the complexes 
(Application of valence bond theory) 


Atom / ion / 
complex 

( 1 ) 


Configuration 

( 2 ) 


Oxidation 
state of 
metal 
(3) 


Type of 
hybridi¬ 
zation 

(4) 


Geometry 

shape 

(5) 


No. of 
unpaired 
electrons 

( 6 ) 


Magnetic 

nature 

(7) 


Ni2+(</8) 

[NiClJ^- 

[Ni(CN)4] 


3d 

45 4/7 

titifl t t 

□ [!□□ 






2 + 




-Rearrangemait—£&/J- 


Ni 

Ni(CO)4 

[Ni(NH3),]2+ 

Mn2+(J5) 

[Mn(CN),]^ 

[MnCl4f- 

[CuCl 4 ] 2 - 

[Cu(NH3)4]2+ 


nn 

ti t 

E 


IS □ 

□ 

□ 




Rearrangement sp^ 
3d 45 4/7 

tiitiitiititi .a a 


sp^d^ 


3d 45 4/7 

tintititi □ 


twmi:i:i [T] EH 


Rearrangement dhp^ 

tititititi a g 


sp^ 


ii 

M 

El 

E 

E 


nnn 

E 

E 


E 

• • • 

• • • 


sp^ 


a ant 


Ad 


dsp^ 

One electron is shifted fi-om M- to 4/?-orbital 


+2 


+2 


+2 


+2 


+2 


+2 


+2 


+2 


+2 


+2 




dsp^ 


Tetrahedral 


Square planar 


^P 


spW 

(Outer) 


Tetrahedral 


Octahedral 


dhp^ 

(Inner) 


sp 


Octahedral 


Tetrahedral 


sp^ 


Tetrahedral 


dsp^ Square planar 


Paramagnetic 

Paramagnetic 

Diamagnetic 


1 


Paramagnetic 

Diamagnetic 

Paramagnetic 

Paramagnetic 

Paramagnetic 

Paramagnetic 

Paramagnetic 

Paramagnetic 

Paramagnetic 


Contd. 
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tf-orbitals increases by the same amount, Le., all the d-orbitals 
remain degenerate, although they possess higher energy. 
However, this is not possible as it is only hypothetical situation. 



(a) 



(b) 


Fig. 15.1 The shapes of the five Gk>rbitals and their 
orientations with respect to an octahedral 
array of charged ligands 


higher than the energies of and dy^ orbitals. Therefore, 

it is clear that introduction of the ligands removes the 
degeneracy of the five ^^~orbitals, splitting them into two sets 
of degenerate orbitals; the lower energy set consists of the dxy, 
d^^ and dy^ orbitals and higher energy set comprises the 
d^i^yi and d^ orbitals [Fig. 15.2 (i)]. The three lower energy 
orbitals are collectively called the t'lg orbitals while the two 
higher energy orbitals are called orbitals. 

Thus, an energy difference exists between two sets of 
orbitals. This energy difference is called crystal field splitting 
energy (CFSE) or crystal field stabilization energy and is 



10 Dq 


Fig. 15.2 (ii) Crystal field splitting of d-orbitals in an octahedral 
complex (a) Five degenerate d-orbitals of free metal cation 

(b) Hypothetical degenerate cForbitals at higher energy 
level under spherically symmetrical ligand field 

(c) Splitting of d-orbitals under the influence of ligands. 


As the lobes of the ^d orbitals [Fig. 15.1(a)] 

point directly towards the ligands, an electron in either of these 
orbitals is nearer to the electron pairs of the ligands than if it 
was in a d^^^ d^z or dy^ orbitals, with lobes pointing between 
the Ugands [Fig. 15.1(b)]. Thus, the repulsions between the 
ligands and the d^i yi and d^^ orbitals are greater than the 
repulsions between the ligands and d^, d^z and dyz orbitals. 
Consequently, the energies of d^^^yi and d^i orbitals are 

t d-orbitals in a ckirbitals in an 

free metal ion octahedral complex ion 




A = ciystal field splitting 

-i dxZi dyz 

hg 


Decreasing distance between metal Ion and the ligands 

Fig, 15.2 (i) Jbe changes in the energies of the d-orbitals 
of a metal ion as an octahedral complex is formed. As the 
ligands approach the metal ion, the initially degenerate 
d-orbitals split into two new sets of degenerate orbitals. 


represented by (the subscript o stands for octahedral). It 
measures the crystal field strength of the ligands. The crystal 
field splitting occurs in such a way that average energy of the 
d-orhitals does not change. 

'2 

Thus, three orbitals lie at an energy that is - 5 Aq below the 

average d-orbital energy and two d-orbitals lie at an energy 

3 

above the average energy. The energy gap between t 2 g 
and eg sets is also denoted by 10 Dq. Energy of t 2 g orbitals is 
4 Dq less than that of hypothetical degenerate d-orbitals and 
that of eg orbitals is 6 Dq above that of the hypothetical 
degenerate d-orbitals. Thus, t 2 g set loses an energy equal to 
“0.4 Aq or “4 Dq while eg set gains an energy equal to 
+0.6 Aq or +6 Dq. 

Crystal field splitting in tetrahedral complexes : The 
tetrahedral arrangement of four ligands surrounding the metal 
ion may be depicted as shown in Fig. 15.3, 

The three d-orbitals, Le., t 2 g orbitals are close to the 
approaching ligands. As a result of this, the t 2 g electrons suffer 
more repulsion than eg electrons. The energy of ^ 2 ^ orbitals 
increases more than Cg orbitals. The splitting is shown in Fig. 
15.3. 
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Fig. 15.3 Crystal field splitting of d-orbitels In a 
tetrahedral complex 

The energy g^ between two sets of orbitals is designated 
as Af (The subscript t. indicates tetrahedral complex). It is 
observed that is considerably less than Aq. It has been found 
that, 

Crystal field splitting in square planar complexes: The 

square planar arrangement of four ligands surrounding the 
metal ion may be considered as derived from octahedml by 
removing two hgands from z-axis. On account of removing 
negative charges from z-axis, and dy^ orbitals having 

z-component become more stable; As the lobes of dj_y 2 point 
towards the ligands, the orbital has highest energy and the 
lobes of djcy orbital lie between the ligands, it is thus next 
highest in energy. The lobes of ^tid dy^ are least affect^ 
by electrostatic field of the ligands as they lie out of the plane 



Fig. 15.4 Splitting of o^orbitals in square planar complex 
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of the complex. ITie lobes of d^2 orbital lie out of the plane but 
the belt around the centre of the orbital lies in the plane of the 
complex is somewhat affected by electrostatic field of the 
ligands. The splitting of rf-orbitals in square planar complex 
can be depicted as shown in Fig. 15.4. 

Spectrochemical series : For any given metal cation, the 
magnitude of crystal field splitting energy depends on the nature 
of the ligands. The greater the ease with which the ligand can 
approach the metal ion, the greater will be the crystal field 
splitting caused by it. The ligands which affect only a small 
degree of crystal field splitting are termed weak field ligands 
while those which affect a large splitting are called stroi^ 
field ligands. 

When the ligands are arranged in order of the magiutude-of- 

. crystal fiel d splitting. the_arrangementJ:hus.-Qbtained4s- GaIted- 

spectrochemical series. 

r < < NO3 < < OH" < OX^ < H2O < py 

Weak: fi^ld ligands Increasing crystal field 

_ . en < dijQ^ c o-Phen < NO? < CN ~ < C O 

. Strong field ligands 

From the above arrangement it is clear that ligands before 
H 2 O such as F, NO 3 , OH“ etc., are weak field ligands while 
the ligands after H 2 O such as NO^, CN~ CO, etc., are strong 
field ligands. Stronger field ligands cause greater crystal splitting 
re,, Aq value for octahedral complex is high. 

Besides the nature of hgands, there are some other factors 
which affect the crystal field splitting energy. These factors 
are: 

(i) The position of transition metal in the periodic 
table : The magnitude of Ao increases in going down a group, 
ie., an ion of an element in the first transition series has a 
smaller value of Aq than the ion of a heavier member of the 
same group. Thus, comparing complexes of Ni and Pt 
with the same ligand, it is observed that platinum complexes 
have larger crystal field splitting. The crystal field splitting, Aq, 
is about 50% higher for second transition series compared to 
the first whereas the third series in about 25% higher than 
second. There is small increase in the crystal field splitting 
along each series. 

(ii) The oxidation state of the metal: Generally, the 
higher the oxidation state of the metal, the greater the crystal 
field splitting. For example, most of the cobalt (II) complexes 
have low values of A whereas all cobalt (HI) complexes have 
high values, of A. 

(iii) The number of ligands : The crystal field splitting 
for a tetrahedral environment is about 4/9 that for an octahedral 
environment. 

Distribution of d-electrons in and eg orbitals ia 
octahedral complexes: The distribution of ^-electrons in 
t 2 g and eg orbitals takes place on the basis of the nature of 
ligands. Two cases may arise. 
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u) When rhe ligands are weak : Under the influence of 
weak ligands, the energy difference, , between t 2 g and eg 
sets is relatively small and hence all the five d-orbitals may be 
supposed to be degenerate, Le., all the d-orbitals have nearly 
the same energy and the distribution of electrons in t 2 g and eg 
sets occurs according to Hund’s rule, ie,, electrons will pair 
up only when each of the five rf-orbitals is at least singly 
occupied. When the ligands are weak, the first three electrons 
numbered 1, 2, 3 go to ^ 2 ^ set, those numbered 4, 5 go to eg 
set, those numbered 6, 7, 8 go to t 2 g set and the remaining two 
electrons numbered 9, 10 will occupy eg set. This can be 
shown as: 


J. % 3 


A 7 , 8 


In complexes of weak ligands, is less than P (P is called 
average pairing energy which is the energy requirirf to pair two 

splitting energy, tends to force as many electrons to t 2 g set 
while P tends to prevent the electrons to pair in the t 2 g level 
(it) When the ligands are strong: Under the influence 
of strong ligands, the en^gy difference between t 2 g and eg 
sets is relatively high and thus the distribution of d electrons 
in t 2 g and eg sets does not obey Hund’s rule. The first electrons 
numbered 1, 2, 3, 4, 5, 6 will go to t 2 g set and remaining four 
electrons numbered 7, 8, 9 and 10 will go to eg set. 


J, 2, 3, 4, 5, 6 
tig 


J. 8, 9, 10 


For these complexes, is higher than P 

The above points are summarised in the following table: 



The following conclusions are derived from the table: 

(i) The distribution of electrons of d , d , d , d , d and 
d^^ in t 2 g and eg sets for both strong and weak octahedral 
ligands fields is the same. 


(ii) For each of d^, d^, d^ and J there is difference in the 
arrangement of electrons in weak and strong ligands field. 

(iii) Weak field complexes of d^, d^ and ions have 
greater number of unpaired electrons than those of strong field 
complexes and thus, the resultant spins of weak field complexes 
have higher value than strong field complexes. 

Hence, the complexes of weak field ligands are called high 
spin complexes and the complexes of strong field ligands are 
called low spin complexes. 

Calculation of CFSE 

Each electron occupying t 2 g orbital results in lowering of 
energy by -0,40 (or -4 Dq). Similarly, each electron 
cx:cupying eg orbital results in increase of energy by +0.60 A^ 
(or+6 Dq). Thus, 

where, x = number of electrons occupying t 2 g orbitals 

and y = number of electrons CK:cupying eg orbitals. 

Negative value of CFSE indicates net lowering in energy, 
le, gain in stability. 

Calculation of CFSE Values for to 
Configurations 



Low spill 


High 


Metal ion 

state 

CFSE 

spin state 

CFSE 

Conn- 

(strong 

(A„) 

(weak 

(A„) 

guration 

ligand 


ligand 



field) 


field) 


d' 


--0.4 X 1 

^g. 

-0.4 x 1 



= -0.4 or -4 Dq 


= -0,4 or -4 Dq 


.2 0 

- 0.4 X 2 

^2g ^g 

-0.4 X 2 



= -0.8 or -8 Dq 


= -0.8 or -8 Dq 

d^ 

,3 0 

hg ^g 

-0.4 X 3 


-0.4 X 3 



= -1.2 or -12Dq 


= -1.2 or -12 Dq 

d* 

e° 

-0.4 X 4 

^3 1 

^g 

-0.4 X 3 + 0.6 



= -1.6 or-l6Dq 


= -0.6 or 6 Dq 

d^ 


-0.4 X 5 

tig 4 

-0.4 X 3 + 2 X 06" 



= -2.0 or-20 Dq 


= 0.0 or 0 Dq 


,6 „0 
'2*e* 

-0.4 X 6 

44 

-0.4 X 4 + 2 X 0.6 



= -2.4 or-24 Dq 


= -0.4 or 4 Dq 

d’ 

tig 

-0.4 X 6 + 0.6 

.5 J 
tig ^g 

-0.4 X 5 + 2 X 0.6 



= -1.8or-18Dq 


= -0.8 or 8 Dq 

d^ 

4 4 ■ 

-0.4 X 6 + 2 X 0.6 

‘ig ^g 

i-0,4 X 6 + 2 X 0.6 



= -1.2 or -12 Dq 


= -1.2 or -12 Dq 

d^ 

44 

-0.4x6+ 3x0.6 

44 

-0.4 X 6 + 3 X 0.6 



- -0,6 or -6 Dq 


1 = -0.6 or -6 Dq 


tig 

- 0.4 X 6 + 4 x 0.6 

44 

-0,4 X 6 + 4 X 0,6 



= 0.0 or 0 Dq 


= 0.0 or 0 Dq 


The above calculations show that coordination entities with 
four to seven d^electrons are more stable for strong hgand field 
as compared to weak ligand field. 
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Distribution of d-electrons in t 2 g and Cg orbitals in 
tetrahedral complexes: The distribution of if-electrons in the 
t 2 g and Cg sets in a tetrahedral complex in presence of weak 
and strong ligands field has been shown in the following table: 


4*008 

Weak field (High spin) 
complexes 

Strong field (Lovi spin) 
complexes 

Config¬ 

uration 

No* of 
unpaired 
electrons 

Spin 

Config¬ 

uration 

No. of 
unpaired 
electrons 

Spin 

4' 

t2g Sg 

*0 J 

^2g ^g 

1 

2 

1/2 

1 

#0 J 

^g 
^2g ^g 

1 

2 

1/2 

1 


J 

t2g ^g 

3 2 

3 

4- 

>1 

2. 

fO J 

^2g ^g 

A . A . 

1 

.0.-■.- 

1/2 

- 0 

—— 

j5 



^2g 

4® 

4 4 

—-—• 5 • 

4 

22- 

2 

4 4 

• - -1 

2 

“ trzt 

1 

4’ 

4» 

4 .^ 

4 4 

J 

^g 

5 4 

Jig.4 
#6 J 

3 

2 

1 

0 

1 

.li^ - 

0 

,3 J 

‘2g 4 

.4-4. 

4 4 

3 

2 

.- 

0 

1 

.--1/2... 

0 


Magnetic nature : The transition metal complexes con¬ 
taining one or more unpaired electrons possess a definite value 
of magnetic moment. An unpaired electron because of its spin 
is equivalent to an electric current flowing in a circular 
conductor. Hence, it behaves as a magnet. 

[The magnetic moment is expressed as : 

^ ^ gauss"^ 

= one Bohr Magneton (B.M») 
where, e = charge on electron; m = mass of electron; 

h = Planck’s constant ; c = velocity of light] 

The substances having magnetic moments are attracted in 
external magnetic field. Such substances |re termed para¬ 
magnetic substances. Most of the coordination compounds 
are paramagnetic. The substances having no unpaired electron 
or having only paired electrons show zero magnetic moment 
and are called diamagpetic substances. 

The magnetic nature or magnetic moment of a coordination 
compound, thus, depends on the number of unpaired electrons. 
The magnetic moment is approximately given by the relation, 
Magnetic moment, p =.^n(n + 2) B.M., where n is the 
number of unpaired electrons. This relationship is used to 
calculate the number of unpaired electrons in a complex ion. 
The values of n calculated by applying the above formula for 
different magnetic moments are given in the following table: 


Magnetic moment (BM.) 

Number of unpaired electrons 

1.73 


2.83 

1 2 

3.87 

; ' 3 •' 

4,90 

4 

5.92 

^ 5 


The actual number of unpaired electrons in a complex can 
be found by magnetic measurements and in general, experi¬ 
mental findings support predictions based on crystal field 
splitting. However, a distinction between low and high spin 
complexes can be made only if the metal ion contains more 
than three and less than eight ^-electrons. The high spin complex, 
[Fe(H 20 ) 6 ]^'^ has four unpaired electrons and is paramagnetic 
whereas the low spin complex, [Fe(CN)6]'^ has no unpaired 
electrons and is diamagnetic. 


1 1 
ii 1 ± 

^xy ^yz ^zx 

EFe(H20)d2" 

_Hi^.spiii_ 


AoCHzO) 


ti tl 


Ao(CNl 


[Fe(CN)6]^ 
Low spin 


Colour : A substance appears coloured because it absorbs 
light at specific wavelengths in the visible part of the 
electromagnetic spectrum (400 to 700 nm) and transmits or 
reflects the rest of the wavelength. Each wavelength of visible 
light represents a different colour. White light, such as sunlipif 
is a combination of all colours; an object that absorbs all 
visible light appears black. The following table shows the 
relationship of wavelength absorb^' to observed colour. 

Wavelength 400 450 490 570 600 650 

absorbed (violet) (blue) (blue- (yellow- (orange) (red) 
(nm) green) green) 

Colour Greenish Yehow Red Violet Blue Blue- 

observed yellow green 

When the energy of the photon (hv) is equal to the difference 
between the lower and higher ti-orbital energy levels, an electron 
is promoted from a lower to higher level If the wavelength of 
the photon absorbed by an ion lies outside the visible region, 
then the transmitted light looks the same as the incident light 
white and the ion appears colourless. 

Spectroscopic analysis offers the best means of measuring 
crystal field splitting. The [Ti(H20)6]^^ ion provides a simple 
example, because Ti^"^ has only one 3 d-electron. [Ti(H20)6]^^ 
ion absorbs light in the visible region. The wavelength 
corresponding to maximum absorption is 498 nm. This enables 
us to calculate the crystal field splitting. 

A =hv = hx^ 

where h = Planck’s constant = 6.63 x 10“^^ Js 
and c = velocity of light = 3.00 x 10* ms~' 

_ (6.63xl0~^^x (3.00x10*) 
498x10“^ 

= 3.99 x 10“’^ J 
This is the energy for one ion to excite. 

Thus, the energy required for one mole of ions, 

A = 3.99 X 10“‘^ X 6.02 x 10^* 

= 240,000 J mor’ = 240 kJ moF’ 
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□ □ED 

Photon of energy hv dx^~y^ dx'^-y'^ d^t 

□□□ □□□ 


1 240 kJ mol 


dxy dyz d^ dxy dy^ d^x 


Experiments with coordination complexes have revealed 
that for a given metal ion, some ligands cause a small energy 
separation of the J-orbitals, whereas others cause a large 
separation, Le,, different ligands may bring different colours to 
the complex ions of the same metal ion. For example, the data 
for several cobalt, (III) complexes are presented in the following 
table: 


The colours of some complexes of Co^ ion 



Wavelength of 
light ahsorhM 

Colour of U^t 

Colour of 

Coniplex ion 

absorbed 

ebhdplex 

--r;.:- 

-(nm) 

_ . . . 

,—oiis®rveci - -. 

iCo(F)6f“ 

700 

Red 

Green 

[Co(C204)3]3' 

m 

YeUow ; 

Dark green 

[Co(H20)6]3^. 

600 

Ydlow 

Blue-green 


-- 475 ""“: 

‘Blue™ " 

TMow-orange 

[Co(en)3]3^ 

470. 

Blue _ 

Yellow-orange 

[Co(CN)6-]^- 

310 . 

Ultraviolet 

Pale-yellow 


m m 

ix2_y2 dz2 

El ffl E 

^xy ^yz ^zx 

[CoF,]'- 



□ □ 

dx2„y2 d^l 

0 El El 

dxy dy2 d^x 

[coicm^- 



The absorption maxima among the listed complexes ranges 
from 700 nm for [CoFgJ^r to 310 nm for [Co(CN) 5 ]^“. The 
ligands change from iriember to member in the seiies and is 
concluded that the energy of light absorbed by the complex is 
related to different crystal field splitting, A^, caused by different 
ligands. Fluoride ion causes the smallest splitting of the 
(i-orbitals among the complexes listed, whereas cyanide caused 
the largest sphtting. 

Spectra of complexes of other metals provide similar results. 
This supports the spectrochemical series. The ability of crystal 
field theory to explain differences in the colour of transition 
metal complexes is one of the strengths of this theory. 


15,7 STABILITY OF COORDINATION 
COMPOUNDS IN SOLUTIONS 

A coordination compound is formed in solution by the stepwise 
addition of ligands to a metal ion. Thus, the formation of the 
complex, ML„ (M = central metal cation, L = monodentate 
ligand and n = coonlination number of metal ion) may be 
supposed to take pla:ce By the following n consecutive 
steps. 




ML + L^ MLa 

f, _ 

*2 - [ML][L] 
MLa + L ^ 'ML^ 
V _ JMaL 

^3 - [MLzm 


ML„_i L ^ ML„ 
j, [MU . 

Ki, K 2 , K^,... ,Kn are called stepwise stability constants. 
With a few exceptions, the values of successive stability 
constants deaease regularly fix>m jSTi to K„. 

The overall stability constant, K, is given as: 

M + tiL =5=^ ML„ 


K = K^,K2,K2,. 


[MLJ 

[MJELf 


The higher the overall stability constant value of the 
complex, the more stable it is. Alternatively, l/K values called 
instability constant explain the dissociation of the complex 
into metal ion and ligands in the solution. 

The values of stability constants for some of the complexes 
are given below: 


Coniplex 

Stability constant 

[Cu(NH3)4f^ 

4.5 X 10" 

[Ag(NH3)2]* 

1.6 X 10’ 


1.12 X 10® 

[CoCNHslgf^ 

5.0 X 10^3 

[Agcy 

1.11 X 10® 

[AgBrj]- 

1.28 X 10’ 

[Ag{CN)2r 

1.0 X 10^2 

[Cu{CN)4]^- 

2.0 X 10^'^ 

[Fe(CN)6]^ 

7.69 X 10'‘® 


Prom the above values, some conclusions are drawn : 

(i) The values of stability constants differ widely depending 
on the nature of the metal ion and the ligand. In general, 

higher the charge density on the central ion, the greater 
is the stability of its complexes, Le., the higher value of 

— ^— the greater is the stability of its com- 

radius of the ion’ ® 

plexes. Electronegativity of the central ion influences the 
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stability. The higher the electronegativity of the central 
ion, the greater is the stability of its complexes. 

The more basic a ligand, the greater is the ease with which 
it can donate its lone pairs of electrons and therefore, the 
greater is the stability of the complexes formed by it. 

(ii) The higher the oxidation state of the metal, the more 
stable is the complex. The charge density of Co^"^ ion is more 
than Co^"^ ion and thus, [Co(NH 3 ) 6 ]^''^ is more stable than 
[CoCNHa)^]^"'. Similarly, [Fe(CN)6]^ is more stable than 
[Fe(CN)6]^. 

(iii) The cyano and amirdne complexes are far more stable 
than those formed by halide ions. This is doe to the fact that 
NH 3 and CN” are strong Lewis bases. 

(iv) The complexes of bivalent cations of 3d-series 
show the following order of stability: 

Ionic size 0.91 0.83 0.82 0.78 0.69 

decreases 

-^ 

Stability of the complex . _ increases _ . 

(Irving William order) 

(v) Chelating ligands form more stable complexes as . 
compared to monodentate ligands. Greater is the chelation, 
more is the stability of complex. 

[Ci(m3)6f* < '[Cr(en)(NH3)4]^^ < [Cr(en)2(NH3)2]^^ < [Cr(en)3]3^ 
-=-Increasing stability-^^ 

(vi) Thermodynamic stabilities of the complexes formed by 
various metals follow some regular trends, such as those 
involving size and charge effects, factors that determine the 
Lewis acid strength of a metal ion. 

Generally, the stabilities of complexes decrease with 
increasing atomic number for the electropositive metals e.g., 
group IIA or hard Lewis acids and increase with increasing 
atomic number for the noble metals (soft acids), following the 
general trend of ionization energy. 

(a) For the electropositive metals (hard acids) the order of 
stabilities of halide complexes is F > Cl > Br > I but for highly 
polarizing soft acid metal ions such as Hg^“^,'We see reverse 
order. 

(b) The most electropositive metals (hardest acids) show a 
greater tendency for forming complexes with hard ligands 
such as F^ or oxygen containing ligands. 
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Metals are classified according to their acceptor properties. 

Class (a)-> Hard acids : Show affinities for the ligands 

whose basicity is proportional to protons. 

Class (b)- > Soft acids i form stable olefin complexes 

Class (c)-> Border line metals. 

15.8 PREPARATION OF COORDINATION 
COMPOUNDS 

Coordination compounds are generally prepared by the 
application of the following methods: 

1. Ligand substitution reactions : A reaction involving 

the replacement of the ligands attached to the central metal ion 
in the complex by other ligands is called a ligand substitution 
reaction. Transition metal ions in aqueous solution fom complex 
ions by brading with wa ter m olecu les. The se water molecu les 
ate tifiieh replaced by tigands toTorm^® compfex. 

[Cu(H20)4]^-^(a9.) + 4NH3(a^.) ^ + ffijOCO 

(Light blue) (Deep blue) 

mm20)6f\aq.)^ em-iiaq.) ^,[Ni(NH3)6f + 6H20(0 

(Green). (Blue-violet) 

[Ni(NH3)6]^'"(a9.)+4CN"(a^.)-^[Ni(CN)4]^‘(a^.)+6NH3(a^.) 

(Yellow) 

i.e., tetraamminecopper sulphate, [Cu(NH 3 ) 4 ]S 04 , is formed 
by addition of ammonia solution to copper sulphate solution 
and potassium tetracyanonickelate(II) is obtained by the addition 
of potassium cyanide solution to hexaamminenickel(II) sulphate 
solution. ‘ 

2. Direct mixing of reagent: Dichloro bis (ethylenedi- 
amine) platinum(II) is prepared by adding platinum chloride 
(PtCl 2 ) to ethylenediamine. 

PtCl 2 + 2H2N-CH2-CH2-NH2-> [Pt(en) 2 Cl 2 ] 

(en) . 

Similarly, hexaamminenickel(ir) chloride is obtained by direct 
reaction between sobd nickel chloride (NiCl 2 ) and liquid 
ammonia. 

NiCl 2 + 6 NH 3 (/) —^ [Ni(NH 2 ) 6 ]Cl 2 . 

3. Redox reactions: In these reactions, either oxidation 
or reduction is involved. Cobalt(n) nitrate reacts with aqueous 
ammonium nitrate and aqueous ammonia in presence of H 2 O 2 
(oxidising agent) to form pentaamminenitrocobaltflll) nitrate. 

2 Co(N 03)2 + 8 NH 3 + 2 NH 4 NO 3 + H 2 O 2 -> 

2 [Co(NH 3 ) 5 N 02 ](N 03)2 + 2 H 2 O 

15.9 IMPORTANCE OF COORDINATION 
COMPOUNDS 

The complexes are of Immense importance on account of their 
applications in various fields. During complex formation there 
are drastic changes in the properties of metal atom or ion and 
these changes in properties are made use of in the applications 
of metal complexes. 
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1. Analytical chemistry 


Coordination compounds find their applications in both 
qualitative and quantitative methods of analysis.. 

(a) The separation of Ag from Hg2 in the first group of 
analysis is based on the fact that while silver chloride is soluble 
in aqueous ammonia and Hg2Cl2 forms a black insoluble 
material. 

AgCl + 2NH4OH-> [Ag(NH3)2]Cl + 2H2O 

Soluble 


Hg2Cl2 + NH4OH-> Hg(NH2)Cl + Hg + HGl + H2O 

\_ ^ ^ 

Black insoluble 

(b) The separation of II B group sulphides from 11 A group 
sulphides is based on the fact that sulphides of IIB group form 
complex sulphides with yellow ammonium sulphide which are 
soluble wMle^aul pMdes oTJ LA^gro up d omol xeac t. 

Sb2S5 + 3(NH4)2S —> 2{NH4)3[SbS4] 


AS 2 S 5 + 3(NH4)2S -> 2 (NH 4 ) 3 [AsS 4 ] 


SnS2 + (NH4)2S-> (NH4)2[SnS3] 

(c) The detection of Cu is based on the formation of a 
blue tetraammine copper sulphate complex which gives a deep 
blue coloured solution. 

CUSO4 + 4NH3-> [Cu(NH3)4]S04 

It also forms a chocolate coloured precipitate with potassium 
ferrocyanide. 

2CUSO4 + K4Fe(CN)6-> Cu2[Fe(CN)6] + 2K2SO4 

Chocolate ppt. 

34 . ‘ 

(d) Fe is detected by formation of a blood red coloured 
complex with KSCN. 

Fe^^ + KSCN-> [Fe{SCN)]^^ + 

Blood red colour 
2 + 

(e) The detection and estimation of Ni is based on the 
formation of a scarlet red complex with dimethyl glyoxime. 


CH3— C=NOH 

NiCl2 + 2 I + 2NH4OH > 

CH3— C=NOH 


OH O 

I X 

CH3— C=N^ N=C— CH3 

I ^Ni^ I 

CH3—C=N'^ ^N=C—CH3 

i 1 

0 OH 


+ 2NH4CI + 2H2O 


Scarlet red precipitate 

(f) Many ligands (organic reagents) are used for the 
gravimetric estimation of a number of metal ions. 


Metal ion to be estimated 
Cu2^' 

Fe^'^ 

Al^'" 


Organic i^agent us^ 

Benzoin oxime 
Dimethyl glyoxime 
1, lO-phenanthroline 
S-hydroxyquinoline 
a-nitroso p-naphthol 
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(g) EDTA is used as a complexing agent in volumetric 
analysis of metal ions like Ca^”^, and Zn^”^. 

(h) The coordination compounds of the transition metals 
exhibit a variety of colours. This property is utilised in 
colorimetric analysis for the estimation of many metals. 

(i) Other analytical applications of coordination compounds 
are oxidation-reduction indicators, estimation of hardness iri 
water, sequestering reagents and solvent extraction. 

2. Metallurgical operations 

Silver and gold are extracted by the use of complex formation. 
Silver ore is treated with sodium cyanide solution with 
continuous passing of air through solution. Silver dissolves as 
a cyanide complex and pure silver is precipitated by the addition 
of scrap zinc. - 

4 Na 2 S + 5O2 .+ 2H2O-> 2Na2S04 + 4 NaOH + 2 S 

2 Na[Ag(CN) 2 ] + Zn-> Na2[Zn(CN)4] + 2 Ag 

Native Ag and Au also dissolve in NaCN solution in presence 
of oxygen of the air. 

4 Ag + 8 NaCN + O2 + 2H2O-^ 4 Na[Ag(CN) 2 ] + 4 NaOH 

Ag and Au are precipitated by addition of scrap zinc. 

Nickel is extracted by converting it into a volatile complex, 
nickel carbonyl by use of carbon monoxide (Mond’s process). 
The complex decomposes on heating again into nickel and 
carbon monoxide. 

Ni + 4 CO --> Ni(CO)4 Seating ^ Ni + 4 CO 

(Associated with 

other metals) 

3. Photography 

In photography, the image on the negative is fixed by 
dissolving all the remaining silver halides with hypo solution in 
the form of a soluble complex. 

AgBr + 2Na2S203-> Na3[Ag(S203)2] + NaBr 

(Soluble) (Soluble) ^ ^ 


4. Electroplating 

Metal complexes release metal slowly and thus give a uniform 
coating in electroplating of the metal on the desired object. 
Cyano complexes of silver, gold, copper, etc., are used for the 
electrodeposition of these metals. 

5. Biological processes 

Coordination compounds play many important roles in 
animals and plants. They are essential in storage and transport 
of oxygen, as electron transfer agents, as catalysts and in 
photosynthesis. Three important examples are given below: 

(i) Haemoglobin : Haemoglobin is a protein which is 
present in blood. The main function of haemoglobin is to carry 
oxygen in the blood from the lungs to the tissues where it 
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delivers the oxygen molecules to myoglobin. ITie quadridentate 
macrocyclic ligand, the porphine molecule is an important 




part of hemoglobin structure. The two ions bonded to 
nitrogen atoms are displaced and the metal ion coordinate 
simultaneously with all the four nitrogen atoms. The complex 
formed from porphine is called por phyrin. TTie Fe-complex is 
called heme. Haemoglobin molecu^^^ 

embedded in a protein molecule. The iron in the heme poup 
has the oxidation number +2. It is coordinated to the four 
nitrogen donor atoms in the porphine poup and ako, to a 
nitrogen donor atom in a ligand poup which is attached to the 
proteinrThe sixth hgand is a wateJr niblecule, winch binds to 
the Fe^^ ion on the other side of the ring to complete the 
octahedral complex. Under these conditions, the haemoglobin 
molecule is called deoxyhaemoglobin and has a blue colour. 
The water ligand can be replaced readily by molecular oxygen 
to form red coloured oxyhaemoglobin. This haemoglobin flows 
from lungs to tissues where it is again deoxygenated. 

The iron-heme complex is present in another class of 
proteins, called cytochromes. Cytochrome act as electron 
carriers which also play an es^ntial part in metabolic processes. 



Oxy-haemoglobin 


In cytochromes iron undergoes rapid reversible iMox 
reactions. 

(ii) Chlorophyll: The chlorophyll molecule, which plays 
an essential role in photosynthesis also contains the porphyrin 
ring but the metal ion there is Mg^*^ rather than Fe^"*". It is a 
peen plant pigment and acts as a photosensitizer in the synthesis 
of carbohydrates in plants. It is structurally similar to heme. 

6CO2 + 6H,0 , -H 6O2 


CH2 



A molecule of chlorophyll can add one or two molecules of 
water axially. These coordinated water molecules through 
hydrogen bonding help the other chlorophyll molecules to 
associate with each other. 

(iii) Vitamin B12 : It is a complex of cobalt with a quadri¬ 
dentate ligand which is similar to porphyrin ligand of haemo¬ 
globin. It has been observed that vitamin B 12 is active only 
when cobalt is present in +1 oxidation state. It is a red crystalline 
substance which is slightly soluble in water. It is not found in 
plants but is found in all animal tissues. It is present mainly in 
miUc, eggs, cheese and meat. 

It is essential growth factor for many microorganisms. 

is 6. Plant growth 

Plants require a number of nutrients for healthy growth. 
Essential nutrients include a number of metals such as Fe, Zn, 
Cu, Mn, Mo, etc. For example, the deficiency of iron brings 
a disorder in plants known as iron chlorosis. This disorder 
affects the yield of fruit from citrus trees. Iron in +3 state 
present in the soil is mostly hydrolysed to form insoluble iron 
hydroxide Fe(OH) 3 , which cannot be taken up by plants. To 
overcome iron deficiency, the complex Fe(ni)-EDTA is added 
to the soil. This complexes soluble in water and readily enters 
the roots of trees and reach to various parts of the plants 
where it is converted into useful compounds. 

M 7. In medicinal field 

(i) The complex of calcium with EDTA is used for the 
treatment of lead poisoning. Lead readily replaces calcium in 
the complex and lead-EDTA complex is finally eliminated from 
the body in urine. 

(ii) The platinum complex cis [Pt(NH 3 ) 2 Cl 2 ] known as 
m-platin is used as an antitumor agent in the treatment of 
cancer. 









780 


15.10^ ORGANOMETALLIC COMPOUNDS 


Compounds that contain at least one carbon-metal bond are 
called organometallic compounds. Zeise, in 1830, prepared the 
first organometallic compound by the action of ethylene on a 
solution of potassium chloroplatinate(n). In the last four 
decades, enormous work has been done in this field and many 
fascinating compounds have been synthesised and investigated. 
Grignard reagent, /?MgX is a familiar example of organometallic 
compounds where R is m alkyl group. Diethyl zinc 
[Zn(C 2 H 5 ) 2 ], lead tetraethyl [Pb(C 2 H 5 ) 4 ], ferrocene 
[Fe(C 5 H 5 ) 2 ], dibenzene chromium [Cr(C 6 H 6 ) 2 ], metal car¬ 
bonyls are other examples of organometallic compounds. The 
compounds of metalloids such as germanium and antimony 
and non-metalhc elements such as boron and sihcon are also 
iiicluded uiider this classification. 


0rganoinetaffic“cbraDounds—niay^T^ classifietf ~in three 
classes: 

1. Sigma (0) bonded complexes, 

2. Pi (7t) bonded complexes, 

3. Complexes containing \both o- and TC-bonding charac¬ 
teristics. , \ 

\ \ 

M 1. Sigma bonded complexes 

In these complexes, the metal Worn and carbon atom of the 
ligand are joined together with a sigma bond, Le,, the ligand . 
contributes one electron and is^ therefore, called one electron 
donor. Examples are: 

(i) Grignard reagent, R—bAg—X where ^ is an alkyl or aryl 
group and X is a halogen. 

(ii) Zinc compounds of the formula R 2 Zn such as 
(C 2 H 5 ) 2 Zn. This was first isolated by Frankland in 1849. Other 
similar compounds are (CH 3 ) 4 Sn, (C 2 H 5 ) 4 Pb, Al 2 (CH 3 ) 6 , 
Al 2 (C 2 H 5)6 and Pb(CH 3 ) 4 , etc. 

Al 2 (CH 3)5 is a dimeric compound and has a structure similar 
to diborane, B 2 H 6 . It is an electron deficient, compound and 
two methyl groups act as bridges between two aluminium 
atoms. 



» 2 . fi-bonded organometallic compounds 


These are the compounds of metals with alkenes, aUcynes, 
benzene aind other ring compounds. In these complexes, the 
metal and It and form a bond that involves the n electrons of 
the ligand. Three common examples are Zeise’s salt, ferrocene 
and dibenzene chromium. These are shown here : 
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Zeise’s salts Ferrocene DIbenzene chromium 

K[RCl3(T,2-C2H4)] Fe(T,s-C5H5)2 Crfr,® - CeHefa 

The number of carbon atoms bound to the metal in these 
compounds is indicated by the Greek letter ‘t]’ (eta) with a 
number. The prefixes and indicate that 2, 5 ah3.~6~ 

carbon atoms are boundTo Qie metaFilTlffi' cbmpound: 


M 3. (j- and ic-bonded organometallic 
compounds 


MetaT carbonyls, compounds formed between inetal..and_. 
carbon monoxide belong to this class. These compounds 
possess both 0- and 7t- bonding. The oxidation state of metal 
atoms in these compounds is zero. Carbonyls may be 
monomeric, bridged or polynuclear. Carbonyls are mainly 
formed by the transition metals of Vlth, Vllth and Vlllth 
groups. 

Some weU known examples are : 


CO 



CO 

Tetracarbonyl nickel ( 0 ) 
Ni(CO)4 


'CO 



Hexacarbonyl chromium ( 0 ) 
Cr(CO)6 



CO 

Pentacarbonyl iron ( 0 ) 
Fe(CO)5 


O 
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In a metal carbonyl, the metal-carbon bond possesses both 
the a- and Tc-character. A a-bond between metal and carbon 
atom is formed when a vacant hybrid bond of the metal atom 
overlaps with an orbital on C atom of carbon monoxide 
containing a lone pair of electrons. 

G>M<^ + ►(> M = O: 

Formation of 7C-bond is caused when a filled orbital of the 
metal atom overlaps with a vacant antibonding 7C* orbital of C 
atom of carbon monoxide. This overlap is also called back 
donation of electrons by metal atom to carbon. It has been 
shown below: 

^ ^ 5 ) £> 

M :C = 0: -► M :C = 0: 

<3 <9 <3 _ \?) 

The 7C-overlap is perpendicular to the nodal plane of 
a-bond. 

In olefinic complexes, the bonding 7C-orbital electrons are 
donated to the empty orbital of the metal atom and at the same 
time back bonding occurs from filled orbital of the metal atom 
to the antibonding 7C-orbital of the olefin. 

Preparation of organometallic compounds 

The following methods are generally employed for the 
preparation of organometallic compounds: 

(i) Reaction between a metal and an organic halide: 
Alkali metal directly reacts with organic halide in ether to form 
organoalkali compounds. 

2M + RM + MX 

(M = Li, Na, K) 

. C 4 H 9 Br + 2Li ——> C 4 H 9 Li + LiBr 

rt-Butyl bromide w-Butyl lithium 

Grignard reagent is prepared when haloalkane in ether is 
allowed to stand over magnesium turnings for a few hours. 

Mg + R—X R—yig—x 

Grignard reagent 

(ii) By use of Grignard reagent: Tetraalkyl derivatives 
of silicon, germanium, tin and lead are prepared by the reaction 
of Grignard reagent and the metal halide. The reaction is carried 
in ether. 
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4 CH 3 MgBr + PbCU (CH 3 ) 4 Pb + -4Mg(Br)Gl 

2 CH 3 MgBr + CdCl 2 (CH 3 ) 2 Cd + 2Mg(Br)Cl 

Similarly, organolithium compounds may be used. 

SnCl 4 + 4C4H9Li-> (C 4 H 9 ) 4 Sn + 4LiCl 

n-Butyl tin 

(iii) 7i-complexes such as ferrocene, Zeise’s salt and 
dibenzene chromium are prepared by the apphcation 'of 
following reactions : 

2 C 5 H 5 MgBr -h FeCl 2 -> (C 5 H 5 ) 2 Fe -h 2MgBrCl 

Cyclopentadienyl Ferrous Ferrocene 

magnesium bromide chloride 

K 2 [PtCl 4 ] + C 2 H 4 -> K[C 2 H 4 RCl 3 ] + KCl 

Tetrachloroplatinate(II) Ethylene Zeise’s salt 

CrCl 3 + 2C6H6 + 3 AICI 3 (C 6 H 6 ) 2 Cr + 3 AICI 4 

or 2 GgH 5 + Gr (vapour) --^ (CsHs^Cr ^ 

Dibenzene chromium 

(iv) Metal carbonyls are formed by direct carbonylation of 
the metal or reductive carbonylation. 

Ni + 4C0 Ni(C0)4 

150°C 

OSO 4 + 9C0 High press. ^ Os(CO )5 + 4 CO 2 

Bridged carbonyls can be obtained by photolysis of 

monomeric carbonyls. 

2 Fe(CO )5 -> Fe 2 (CO )9 + CO 

Applications of organometallic compounds 

the applications of organometalhc compounds are numerous. 
Some important ones are mentioned here: 

1. Tetraethyl Lead (TEL) is used as antiknock compound in 
gasoline, 

2. Silicones are used as polymers of unique properties. 

3. Organoalkali and Grignard reagents are used in many 
organic synthetic reactions. 

4. The extraction and purification of nickel is based on the 
formation of organometallic compound, Ni(CO) 4 . 

5. Organometallic compounds are used as homogeneous and 
heterogeneous catalysts. Wilkinson’s catalyst, [Rh(P Ph 3 ) 3 Cl] 
is used as homogeneous catalyst in the hydrogenation of 
alkenes. Zeigler-Natta catalyst [TiCl 4 and triethyl aluminium] 
acts as a heterogeneous catalyst in the polymerisation of ethylene 
into polyethylene. 
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Example 1. What is the coordination number of the central 
metal ions in the following complexes? 

, (i) [CuiNH^hf* iii) [Fe(C20f)if- 

(iii) [Pt(en) 2 Cl 2 ] (iv) [MolCNkf- 

(V) [FeiEDTAW (vi) [PdiH20)2i0N0)2l2l 

Solution ; 

(i) NH 3 is monodentate ligand. 

Points of attachment with Cu^"^ =4x1=4 
C.N. of Cu^"" = 4 

2 — 

(ii) C 2 O 4 is a bidentate ligand. 

Points of attachment with = 3x2 = 6 
.CvN. ofEe^"" = 6 

ligand. 

Points of attachment with = 2x2*f2xl=6 
C.N. of Pt^'" = 6 

(iv) CN^ is a monodentate ligand. 

Points of attachment with = 8 x 1 = 8 
C.N. of Mo"** = 8 

(v) EDTA is a hexadentate ligand. 

Points of attachment with Fe^'*' = 6x1=6 
' C.N. of Fe^”" = 6 

(vi) Points of attachment with 

Pd”^ = 2 xl + 2 xl + 2 xl = 6 
C.N. of Pd'^ = 6 

Example 2. Calculate the oxidation state of the central 
metal atom in the following: 

ii) lCoiNH3)sClf* (ii) KdFeiCmd 

m lCoiN 02 h(pyhiNH 3 ) 2 ]N 03 {iv}Ni(COU 
(v) [FeiEDTA}Y 
Solution: 

(i) X + 5 X (0) - 1 = + 2 

X = +2 +1 = 3 Oxi. state of Co = +3 

(ii) 4 X (+1) + X + 6 X (-^1) = 0 

or x=h-6-4 = +2 Oxi. state of Fe = +2 

(iii) X + 2 X (-1) + 2 X (0) + 2 X (0) -1= 0 

or X = +2 +1 = +3 Oxi. state of Co = +3 

(iv) X + 4 X (0) = 0 

or X = 0 Oxi. state of Ni = 0 

(v) X +1 X (~ 4) = -1 

or x = +4-l = + 3 Oxi. state of Fe =+3 

Example 3. Give the lUPAC names of the following 
compounds: 

it) ^3[A/(C204)3] (^0 [PtiNH^UN02)Cl]SO^ 

{iii). Ks[Cr{CN)e\ (iv) [CoiNH3)sONO]Cl2 


(V) [Cr(iV/f3)5C03]a 

(vO [CKM/3)5(ACS)][ZnC/4] 


(vii) KAuiCN)! 


(viii) 




.4+ 


Co{en )2 


[LI.T. 1996] 
[IXT. 1997] 


(ix) 





PiC6H5)3 


Solution : 

(i) Potassium trioxalatoaluminate (IH) 

(ii) Tetraammnechldfdnitxifd->i“plad 

(iii) Potassium hexacyanochromate (HI) 

(iv) PentaamminenitrititO“0-cobalt (HI) chloride 

(v) Pentaarnminecarbonatochroinium (ID) chloride 

(vi) Pentaanimineisothiocyanatochromium (ffl) 

.tetracMorbzincate ^'(11)' ... 

(vii) Potassium dicyanoaurate (I) 

(viii) Bis (ethylenediamine) cobalt (ni)-|i-imido-p“hydro- 
bis (ethylenediammine) cobalt (HI) ion 
(ix) Chlorotriphenylphosphinepalladium (n)~p-dichloro- 
chlorotriphenylphosphinepalladium (II). 

Example 4. Name the type of isomerism exhibited by the 
following isomers: 

(0 [Cr(iVH 3 ) 6 ][CKCiV)d and 

[CriNH3)4iCN)2\[Cr{NH3)2iCN)4\ 

(ii) [Co(py)2{H20)2Cl2]Cland [Co(py)2iH20)Ch]H20 
(Ui) [PtiNH3)4Br2]Cl2 and {Pt{NHf)4Cl2Wr2 

(iv) {Co{NHf)^ 02 Kl 2 and [Co{NHf)^ONO]Cl 2 

Solution : (i) Coordination isomerism 

(ii) Hydrate isomerism 

(iii) Ionisation isomerism 

(iv) Linkage isomerism 

Example 5. How would you account for the following? 

(a) [Fe{CN)^~~ is weakly paramagnetic while [Fe{CN)^ 
is diamagnetic. 

(b) M(C 0)4 possesses tetrahedral geometry while 
[Ni{CN)j^~ is square planar, 

(c) [M(CiV) 4 ] is diamagnetic while [NiC^] is 
paramagnetic. 

Solution : (a) [Fe(CN) 5 ]^” involves d^sp^ hybridization. 


(d^) 

[Fe(CN)6]3- 

Rearrangement .2 3 t. 'j' x: 

d sp hybndization 


t 

t 

t 


t 

n 

n 

T 

E 

« 

• 


□ 

m 
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One d-orbital is singly occupied, hence it is weakly 
paramagnetic in nature. 

A O 'I 

[FeCCN)^] iavolves also d sp hybridization but it has 
ion as central ion. 


Fe^'^ {d^) 

[Fe{CN) 6 ]^ 

Rearrangement ,2 3 . u *♦ 

* d sp hybndization 

All orbitals are doubly occupied, hence it is diamagnetic in 
nature. 

(b) In the formation of Ni(CO) 4 , nickel undergoes sp 
hybridization, hence it is tetrahedral in shape. 


d s p 



T 

T 

i 

3 □ □ 


ti 

n' 

ti 

[T 

LrJ LiJ L?J 

[I 


3d 4s 4p 


Ni(0)3rf® 1 

ti- 

-ti ti^ 

i_ 



-ti 

|-| 



-[NifCO^."! 


w 

ti! 


jD 

ri 

• 

»• j. - • 



Rearrangement 3 . . 

® sp hybndization 


In the formation of [Ni(CN) 4 ]^ . undergoes dsp^ 

hybridization, hence it is square planar in shape. . 


[Ni(CN)4f- 


3d 


ti ti 

ti 

t 

3 

ti 

ti 

ti 

ti 

3 


4s 

□ 

m 


4p 


Rearrangement 


dsp^ hybridization 


2 — 

(c) In [Ni(CN) 4 ] all orbitals are doubly occupied, hence 
it is diamagnetic while in [NiCl 4 ]^~, two orbitals are singly 
occupied, hence it is paramagnetic in nature, 

[Nicy^- 

sp^ hybridization 


ti 

ti 

ti 

t 

t 


m 


[CrCNHjlaClBr] Cl + AgNOs-> [Cr(NH3)4ClBr] NO3 + 

(/i) AgOi 

White ppt. 

AgCl + 2NH4OH-^ Ag(NH3)2Cl + 2H2O 

Soluble 

[Cr(NH3)4Cl2] Br + AgN03-^ [Cr(NH3)4Cl2] NO3+ AgBri 

(S) Pale yellow 

AgBr + 2NH4OH-> Ag(NH3)2Br + 2H2O 

Soluble 

The state of hybridization of chromium in both the complexes 
is d^sp^. Chromium is in trivalent state (Cf^"^). 

3d 4^ 4p 


t t t 

m « 


• 

• 


• 

3 

3 


d^sp^ hybridization 

As three unpaired electrons are present,_ 

the mapedc” mdinehr = ^n(n + 2) B.M. 

= ^f3^ B.M. = 3.87 B.M. 

Example 7. Platinum { 11 ) forms square planar complexes 
and platinum (IV) gives octahedral complexes. How many 
geometrical isomers are possible for each of the following 
complexes? Describe their structures: 

(a) [PtiNH 3 ) 3 Clf (b) [PtiNH 3 )ClsV 

(c) [PtiNH 3 ) 2 ClN 02 ] (d) lPtiNH^) 4 ClBrr^ 

Solution : 

(a) No isomers are possible for a square planar complex of 
the type MA 3 B, 



Strong field ligands like CN”, CO, en, NO 2 have very strong 
electron donating tendency, hence, electrons of central metal 
ion pair up against Hund’s rule (low spin complex). 

Example 6 . A metal complex having composition 
Cr{NH 3 )^Cl 2 Br has been isolated in two forms (A) and (B), 
The form (A) reacts with AgNO^ to give a white precipitate 
readily soluble in dilute aqueous ammonia, ‘whereas (B) gives 
a pale yellow precipitate soluble in concentrated ammonia. 
Write the formula of (A) and (B) and state the hybridization 
of chromium in each. Calculate the magnetic moments (spin- 
only value). 2001 ] 

Solution : 

Complex, Cr(NH 3 ) 4 Cl 2 Br, has two isomers. Since, coor~ 
dination number of Cr is six, the two forms may be represented 
in the following way : 

[Cr(NH 3 ) 4 ClBr] Cl [Cr(NH 3 ) 4 Cl 2 ] Br 

(A) (S) 


(b) No isomers are possible for an octahedral complex of 
the type MAB 5 . 



(c) Cis and fran^-isomers are possible for a square planar 
complex of the type MAiBC. 



Cis 


Trans 
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(d) Cis and transAsomers are possible for an octahedral 
complex of the type MA 4 BC. 



NH3 Br 

Cis Trans 


Example 8. Answer the following: 

(q) Why ligand field theory is also called crystal field 
theory? 

(b) What is crystal field splitting? 

(c) What are tig md eg orbitals? 

Soliittan : _._ 

(a) According to this theory, the bond between metal ion 
and ligands is ionic, i.e., the electrostatic interactions are similar 
to those present in the crystals amongst the ions. That is why, 
the ligand field theory is also called crystal field theory, 

(b) In the free transition metal atom or ion, all the five 
^/-orbitals are degenerate but under the influence of ligands 
when complex formation occurs, the d-orbitals are split into 
two sets of orbitals tig and eg orbitals. This is called crystal 
field splitting, 

(c) Under the influence of ligands, when complex formation 

occurs, the five degenerate rf-orbitals are split into two types 
of d-orbitals tig (three degenerate orbitals, d^y, dy^ and d^) and 
eg (two degenerate orbitals, d ^2 and Both sets have 

different energies. 

In octahedral complexes, tig orbitals possess low energy in 
comparison to Cg orbitals while in tetrahedral complexes, tig 
orbitals possess high energy in comparison to Cg orbitals. 

Example 9, Arrange the following complexes in order of 
Increasing crystal field splitting: 

[Fe(H20)6f\ iFeiH20)6f*, [FeClet and [RumOhf* 

Solution : 

The strength of the splitting depends on the ligand, the 
charge on the metal and the position of the metal in the periodic 
table. 

Ligand CF is lower in the spectrochemical series than H 2 O. 
Thus, [FeCl6]'^ has low splitting relative to others. 

In [FeCl^]"^ and [Fe{H20)5]^'^ complexes, iron is in its +2 
oxidation state but the metal is in +3 oxidation state in 
[Fe(H20)5]^'^ and [Ru(H20)5]^’^ complexes. The complexes 
with 4-3 oxidation states have larger splitting. 

[FeClet < [Fe(H20)6f^ < [Fe(H20)6]'^ [Ru(H20)6]^^ 

Three complexes contain iron, a metal with 3d valence 
electrons but the fourth contains ruthenium with 4d valence 


electrons. The metal with 4d electrons has larger splitting in 
comparison to the metal with 3d electrons. Thus, the order of 
crystal field splitting in the given complexes is: 

[FeClfi]'^ < [Fe(H20)6]^^ < [Fe(H20)6]^^ < [RuCHaO)^^^ 
Example 10, For each octahedral complex ion, 
[Fe(H 20 )cf^ and [FeiCN)^^]^, draw an orbital splitting 
diagram and predict the number of unpaired electrons and the 
magnetic nature. 

Solution : Fe^"^ has 3d ^ configuration. H 2 O is a weakfield 
ligand so it forms high spin complex while CN“ is a strong- 
field ligand and forms low spin complex. The orbital splitting 
diagrams are shown below: 

[Fe(H20)6]^^ [Fe(CN)6]"- 



Low spin complex 

The [Fe(H20)6]^^ has four unpaired electrons and hence, . 
it is paramagnetic in nature. The [FeCCN)^]'^ has no unpaired 
electron and hence, it is diamagnetic in nature. 

Exarupie 11, Explain when hexacyano complexes of 
metals in their 4-2 oxidation state are usually yellow, but the 
corresponding hexaaqua compounds are often blue or green. 

Solution : 

The ligand, CN” is near the top of the spectrochemical 
series, it generates a relatively large energy gap between the 
two sets of d-orbitals. The hexacyano complexes are yellow 
because they absorb high-energy indigo light. The corresponding 
aqua complexes have a much smaller crystal field splitting 
energy. They absorb orange or red light, thus appearing blue 
or peen. 

Example 12. Indicate the types of isomerism exhibited by 
thefollowing complexes and draw the structures of these isomers. 

ia)K[CriHi0)2(C204)2] 

(b)[Coienh]Ch 

ic) [Co(NH3)5N02W03)i 

id) [PKNHsfiHiOCli] 

Solution : 

(a) K[Cr(H 20 ) 2 (C 204 ) 2 ] shows geometrical isomerism. 



C/s-isomer Tra/ia-isomer 
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Ci>isomer exhibits optical isomerism. 



c#-form 


Mirror 



This also shows linkage isomerism, 
[Co(NH 3 ) 5 N 02 ](N 03 ) 2 , [Co(NH 3 ) 5 (ONO)]N 03 

(d) [Pt(NH3)(H20)Q2] shows geometrical isomerism. 

NH 3 
H 2 O 

CIs Trans 






ni 




(b) [Co(en)3]Cl3 exhibits optical isomerism. 


en 


K 




Co 


en^ 


en 


3+ 


en 


..en 


Co 






""en 


3+ 


Mirr^ 


c^form 


/•form 


(c) [Co(NH 3)5N02](N03)2 shows ionisation isomerism, 
[Co(NH 3 ) 5 N 02 ](N 03 ) 2 , [Co(NH 3 ) 5 N 03 ](N 02 )(N 03 ) 


Example 13. Write down the lUPAC name for each of the 
following complexes and indicate the oxidation state, electronic 
configuration and coordination number of the central atom in 
the complex. Also give stereochemistry and magnetic moment 
of the complex, 

m K[er(H20h{C204)2l^^^^ - 

(Hi) CrCl^(py)2 
(iv) Cs[FeCl 4 l 

(V) KdMniCN)^] 


Solution : 


Complex 

lUPAC name 

Oxidation 

state 

Electronic 

contigurarion 

Coordination 

number 

Stereo¬ 

chemistry 

-- — ^- 

Magnetic 

moment 

(i) KtCr(H20)2(C204)2]-3H20 

Potassium Idiaquodioxalatochromate 
(HI) hydrate 

-h3 

3d^ 

' 

6 

Octahedral 

d^sp^- 

hybridization 

= 3.87 B.M. 

(ii) [C0(NH3)5Cl]Cl2 

Pentaamminechloridocobalt (El) 
chloride 

+3 


6 

Octahedral 

0 

(iii) CrCl3(py)3 

Trichloridotripyridinechromium (HI) 

+3 


6 

Octahedral 

= 3.87 B.M. 

(iv) CslTeCy 

Caesium tetrachloridoferrate (IH) 

+3 

3 / 

4 ■ 

Tetrahedral 

= 5.92 B.M. 

(V) K 4 [Mn(CN) 6 ] 

Potassium hexacyanomaugan^e (E) 

+2 

3d^ 

6 

Octahedral 

= 1.73 B.M. 


Example 14. What is meant by chelate effect? Give an 
example. 

Solution : 

When a bidentate or polydentate ligand contains donor atoms 
in such a way that after coordinating with central metal atom 
forms a five or six membered ring, the effect is called 'chelate 
effect'. 


H,C^H2Nx^ /NH 2--CH2 

> >Cur ‘ 


-l2+ 


H 2 C-—H 2 N^ ^NH 2 —CH 2 

Diethylenediamniinecupric (H) ion 


Example 15. What will be the correct order for the 
wavelengths of absorption in the visible region of the 
following? 

[NiiH20)6f\ [Nimi)6f\, [NKN02)6f~ 

Solution : V 

In all the three complexes, the central metal ion is the same, 
hence, the. increasing field strengths of the ligands from the 
spectrochemical series are in the order: 

H2O < NH3 < NO2 

Thus, the energies absorbed for excitation will be in the 
order: 

[Ni(H20)6]^ < [Ni(NH3)6]^^ < [Ni(N02)d'^ 
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As E ■■ 


the wavelength absorbed will be in opposite 


Example 16. Using valence bond theory explain the 
geometry and magnetic behaviour of pentacarbonyliron (III). 
Solution : 3d . . 4s 4p 

Fe(Z=26) I n i t I 1 1 t I t I I •! I 


[Fe(CO) 5 ] 


ti ti 


-hybridization 

Hence, Fe(CO )5 has trigonal bipyramidal geometry and as 
no unpaired electron is present, it is diamagnetic. 

^ 2 — 

Example 17. tMC/ 4 ] is paramagnetic while M(CO )4 is 
diamagnetic though both are tetrahedral Why? 

Solution : 

In Ni(CO) 4 , the oxidation state of nickel is zero and CO is 
a strong hgind7 Due to^s®hg hgMd^Md 7 tem^lretf^^^^ 
of 3rf“Orbitals get paired by 45 -electrons. 


3d 4s 4p 

Ground state 

Ni(CO)4 
-Diamagnetic 

5 /?^-hybridization 

In [Nicy , the oxidation state of nickel is +2 and Cl is 
a weak ligand. Due to weak ligand field, there is no regrouping 
of electrons. 

[Ni(Cl 4 )]^”—Paramagnetic 

“hybridization 




Example 18. Draw crystal field energy level diagrams 
and predict the number of unpaired electrons for the following 
complexes: 

{a) [FeC/ 4 ]™ (tetrahedral) (b) [NiC^f’^ (tetrahedral) 
(c) [Cr(en) 3 ]^*^ (octahedral) 


Solution : 


(a) 

Cl is weak field 
ligand. Thus, the 
complex is high spin. 
All the five orbitals 
are singly occupied, 

111 

1 - 

No. of unpaired 
electrons = 5 


(b) (c) 

Cr is a weak field (en) is a strong field 
ligand. Thus, the ligand. The electrons 
complex is high spin, occupy the orbitals 
Ni^^ (3dh of lower energy. 

Cr^'"(3d^) 

14 11 - 

H14 111 

No, of unpaired No. of unpaired 
electrons = 2 electrons = 3 


Example 19, Explain why nearly all tetrahedral complexes 
are high spin? 

Solution : 

Because none of the orbitals point directly at the Jgands in 
. JetrahedfaLgeametff^a^^ are_oMyjF our li^ ^^ of 

six (as in octahedral geometry), the crystal field splitting in 
tetrahedral complexes is only about half of that in octahedral 
complexes. Consequently, A is almost always smaller than 
spin-pairing energy F, and nem*ly all tetrahedral complexes are 
high spin. 

Example M* Why are metals complexed in biological 
systems? 

Solution : 

There are two main reasons. These are: 

(i) Uncomplexed metal ions, e.g,, Fe(IID may not dissolve 
in water at physiological pH. 

(ii) Uncomplexed metal ions may not have the required 
oxidation state. For example, in vitamin B 12 * cobalt has +1 
oxidation state which is not stable when uncomplexed. 

Example 21. Name two coordination compounds which 
are biologically important 

Solution : 

(i) Haemoglobin—an iron complex—^the red pigment in the 
blood that transports oxygen. 

(ii) Chlorophyll—a magnesium complex^— b. green pigm ent 
in plants acts as a catalyst (photosensitizer) in the synthesis of 
carbohydrates. 



1. When solutions of two or more simple stable compounds in 
molecular proportions are allowed to evaix}rate, crystals of 
new compounds may be formed. The^ compounds are 
termed molecular or addition compounds. Addition com^ 
pounds are of two types : (i) Double salts or lattice 
compounds, and (ii) Coordination or complex compounds. 

2. The addition compounds which are stable in solid state but 
are broken down into individual constituents when dissolved 
in water are called double salts. Mohr’s salt, potash alum, 
camallite, etc., are some examples of double salts. 


3. The addition compounds which retain their identity in solid 
state as well as in solution are termed coordination or 
complex compounds. In these compounds at least one 
cx>mplex ion is present. In complex ion, a metal atom or 
ibh is surrounded by a number of groups through coor¬ 
dination. 

4. Complex compounds are mainly formed by transition metals 
but to a small extent by other metals such as magnesium in 
chlorophyll. Transition metals form complexes due to the 
given reasons: 
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' (i) Small size, (ii) high nuclear charge, (iii) a number of vacant 
orbitals of equivalent energy where the electrons donated by 
ligands are accommodated. 

5. The neutral molecules, anions or cations which are directly 
linked with the central metal atom or ion in a complex ion are 
called ligands. The ligand at least consists one donor atom 
having a lone pair of electrons which it can donate to metal 
atom or ion. Ligands can be classified on the basis of number 
of donor atoms. They are termed monodentate, bidentate, 
tridentate, etc. The ligands having two or more donor groups 
are called polydentate. Polydentate ligand is known as 
chelating ligand if on coordination it results in the formation 
of a closed or cyclic ring structure. The complexes, thus, 
formed are called chelates. 

6 . The number of atoms of the ligands that are directly bound 
to the (antral metal atom or ion by coordinate bond^^ 

as coordtoati on num ber of the met a l a tom o r ion . It is actuallyi 
the number of chemcM form wiSi 

central metal atom or ion. The most common coordination 
number are 4 or 6 . The central metal atom or ion and jtjie 
ligands diat are directly attached to it are enclosed in a square 
bracket. This is called coordination sphere. It behaves as a 
single unit. The ions present outside the coordination sphere 
form Ionisation sphere. 

K4Fe(CN)6 4K'" + [Fe(CN)6]'^ 

[Cu(NH 3 ) 4 ]S 04 [Cu(NH 3)4]^ + SOf 


Charge on the complex ion = oxidation number of metal ion 

+ charge on the ligands 



Coordination, 
sphere 

Central metal 

ion/atom Ligands 


Ionisation 

sphere 


Coordination 

number 


7. Effective atomic number (BAN) is defined as the resultant 
number of electrons with the metal atom or ion after gaming 
electrons from donor atoms after ligands. 

BAN = atomic number of the metal - number of electrons lost 
in ion formation + number of electrons gained from the donor 
atoms of the ligands. 

8. The following points are followed in naming complex 

compounck : , 

(i) Cation is named first followed by anion. 

(ii) In the coordination sphere, the ligands are named 
alphabetically. Anionic ligands ending with -ide are 
named by replacing -ide by suffix -o or by replacing -e 
by -o. Ligands whose names end in -ite or -ate become 
-ito or -ato, Le., by replacing the ending -e with -o. 
Neutral ligands are given the same names as the neutral 
molecules. However, H 2 O is named aqua and NH 3 
ammine. Positively charged ligands have suffix -ium. If 
the number of a particular ligand is more than one, the 
number is indicated by using di, tri, tetra, penta, etc. 
However, when the name of the ligand includes .a 
number, then bis, tris, etc., are used. 


(iii) The oxidation state of the central metal is shown by 
RomannumeralinbracketimmediatelyfoUowmgitsname. 

(iv) Complex positive ions and neutral coordination 
compounds have no special ending but complex 
negative ions always end in the suffix -ate. 

9. Coordination compounds exhibit structural isomerism as well 
as stereoisomerism. Structural isomerism is displayed when 
different ligands are present within coordination spheres. 
The coordination compounds exhibit various types of 
structural isomerism. 

(i) Ionisation isomerism : Isomers give different ions in 
solution. 

Examples: [Co(NH 3 ) 5 Br]Cl; [Co(NH 3 ) 5 a]Br. 

(ii) Hydrate isomerism: Isomers having H 2 O as a ligand 
or as water of hydration. 

Examples: [Cr(H 20 ) 6 ]aj; [CrCl(H 2 O) 5 ]Cl 2 ‘H 20 ; - 

(iii) Coordination isomerism: The Ugands arc inter¬ 

changed in both the cationic and anionic ions. 
Examples : [Cr(NH 3 ) 6 ] 

[Co(CN) 6 ]. 

(iv) Linkage Isomerism : This type of isomerism exists 
when ambidentate ligand is present. 

Examples: [Co(NH 3 ) 50 NO]Cl 2 ; [Co(NH 3 ) 5 N 02 ] 02 . 

10. Stereoisomerism: It arises on account of the different 
positions and arrangement of ligands in space around the 
metal ion. It is of two types : (a) geometrical and (b) optical 
Geometrical isomerism is common in coordination number 4 
(square planar) and coordination number 6 compounds. This 
type of isomerism is termed cis-trans isomerism. When the 
ligands occupy adjacent positions, the isomer is called cis- 
form and when opposite positions, the isomer is termed trans- 
isomer. Hie square planar complexes having general formulae 
Ma 2 b 2 , Ma 2 bc or Mabcd show cis-trans isomerism. Square 
planar complexes having unsy mmetrical bidentate ligands can 
also show geometrical isomerism, - 

Geometrical isomerism is not observed in complexes of 
coordination numbers 2 and 3. Square planar complexes of 
the type Ma^b and Mab^ do not show geometrical 
isomerism. Geometrical isomerism is also not observed in 
tetrahedral complexes. 

Octahedral complexes of the type Ma4>2^ Ma^bc and 

Ma^b^, exhibit geometrical isomerism. 

11. A coordination compound which can rotate the plane of 

polarised light is said to be optically active. The optical 
isomers are pair of molecules which are noo-superimposable 
mirror image of each other. The isomer which rotates the plane 
of polarised Ught to right direction is termed dextro while the 
isoma* which rotates die plane of polarised light to left 
direction is tenned« laevo form. Optical isomerism is very 
common in octahedral complexes. Octahedral compounds of 
general formulae [Mabcdef\, [M(AA)‘^T~, 

[M(AA) 2 a 2 ]”^ lM(AA) 2 abf- and [M(AB) 3 f" where AA = 
symmetrical bidentate ligands and AB = unsymmetrical 
bidentate ligands. 
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12. Werner, in 1893, proposed the coordination theory to explain 
the properties and structures of various metal aininines.’The 
important postulates of the theory are: 

(a) Every element exhibits two types of valency : (i) Piimaryv 
valency and (ii) Secondary valency. Primary valency 
corresponds to oxidation state of metal and secondary 
valency represents the coordination number of the metal. 
Primary valency is satisfied by negative ions and is 
ionisable. The secondary valency is satisfied by neutral 
molecules or negative ions or both. This valency is non¬ 
ionic. Metal and neutral molecules or negative ions which 
satisfy secondary valency are enclosed in square bracket 
and termed as coordination sphere. 

(b) Every element tends to satisfy both its valencies. A 
negative ion when present in coordination sphere shows 
a dual behaviour. It satisfies both primary and secondary 
valencies^ The presence of negative ion in - the 

-CQordinatiQn-sp here ^reduces- 4;he-ch arge-on^the^c omp lex- 

ion by the amount of charge possessed by it and the 
negative ions present in the coordination sphere are not 
ionised. 

(c) The ligands in coordination sphere are directed towards 
fixed positions in space. The geome^ of the complex 
ion depends on coordination number. If the coordination 
numba is 6, the complex is octahedral. On the other hand, 
if the coordination number is 4, the geometry of the 
complex may be tetrahedral or square planar. 

13. Valence bond theory describes the bonding in complexes in 
terms of two~electron, coordinate-covalent bonds resulting 
from overlap of filled ligand orbitals with vacant metal hybrid 

- orbitals that point in the direction of the ligands: 

^3 2 ^ 2 3 

sp (linear); sp (tetrahedral); dsp (square planar) and d sp 
and sp d (octahedral). 

This theory explains with reasonable success the formation, 
magnetic behaviour and geometrical shapes of coordination 
compounds. It, however, fails to provide a quantitative inter¬ 
pretation of magnetic behaviour and explanation about 
optical properties of coordination compounds. 

Examples: 

(a) Octahedral complexes: 

(i) Inner orbital (low spin) complexes involving d^sp^ 
hybridization: 

[Fe(CN)6]^ [Co(CN)6]^ [CrCNHs)^'^ 

[Co(NH3)6]3^etc. 

(ii) Outer orbital (high spin) complexes involving 
hybridization: 

[CoF6]^ [MnFd^, [Ni(NH3)6]^^ etc. 

(b) Tetrahedral complexes involving sp hybridization: 

[Cu(Cl4)]^ Ni(CO) 4 . [Zn(NH3)4]2^ etc. 

(c) Square planar complexes involving dsp hybridization;^' 

[Ni(CN) 4 ]^ [Cu(NH 3 ) 4 ] 2 ^ etc. 

14. Crystal field theory assumes that the metal-ligand bonding 
is entirely ionic. Because of electrostatic repulsions between 
the d electrons and the ligands, the J-orbitals are raised in 
energy and are differentiated by an energy separation called 


the crystal field splitting, A. In octahedral complexes the 4 . 2 , 
yi orbitals (e.g., set of orbitals) have higher energy than 
dxy, dy^ and d^ orbitals (e.g., set of orbitals). Tetrahedral 
complexes exhibit just opposite splitting pattern. 

The colours of complexes are due to electronic transitions 
from one set of d-orbitals to another and the transition 
energies depend on the position of ligand in the spectro- 
chemical series. Weak field ligands give small A values and 
strong field ligands give large A values. Crystal field theory 
accounts for magnetic properties of complexes in terms of 
the relative values of A and the spin pairing energy. Small A 
values favour high spin complexes (maximum number of 
unpaired d electrons) and large A values favour low spin 
complexes. 

15. In general, higher the charge density on the central ion, the 
greater is the stability of its complexes. Electronegativity of 
the central ion also iiifluences the stability. The higher the 

_^ oxidati o n^t ate^ oLtfa emiet al, the-jnore-Stable -i& thexom plex^ 

The more basic ligand forms the complex with greater stability. 
The cyano and amm ine complexes are far more stable than 
those formed by halide ions. 

Chelating ligands form more stable complexes as compared 
to monodentate ligands. 

16. Coordination compounds are generadly prepared by the 
application of: 

(a) Ligand substitution reactions: 

[Cu(H 20 ) 4 ]^'" + 4 NH 3 -^ [Cu(NH 3 ) 4 ]^++ 4 H 2 O 

(b) Direct mixing of reagent: 

RCl 2 + 2 H 2 N-€H 2 "^H 2 —NH 2 -> [Pt(en) 2 Cl 2 ] 

(c) Redox reaction: 

K2Cr207 + 7 H 2 C 2 O 4 + 2 K 2 C 2 O 4 -> 2K3lCr(C204)3] 

-H 6 CO 2 + 7 H 2 O 

17. The complexes find applications in various fields: 

(a) Analytical chemistry—Ni^''', etc:, are tested 
in the form of complexes. Ca^^, Mg^"*" and Zn^"^ ions are 
estimated volumetrically by EDTA. Many ions are 
quantitatively estimate by using a numto of organic 
ligands. 

(b) Coordination complexes of transition metals exhibit a 
variety of colours. This forms the basis of colorimetric 
estimations. 

(c) Complexes act as oxidation-reduction indicators and 
sequestering reagents. Hardness of water is estimated by 

of EDTA. 

(d) Silver and gold are extracted by the use of complex 
formation. 

(e) Fixing of negative is done in photography by use of hypo 
solution. It forms soluble complex with silver bromide. 

(f) During electroplating, complexes are used in electrolytic 
bath. 

(g) Cw-platin, [Pt(NH 3 ) 2 Cl 2 ], is u^ in the treatment of 
cancer. 

British anti-lewisite (B AL) is used as antidote for treating 
poisoning by As, Hg, Au, Bi, Pb and Cd. 

(h) Haemoglobin is a complex of Fe, chlorophyll is a complex 
of Mg, vitamin B 12 is a complex of cobalt. 
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18. Compounds that contain at least one carbon^metal bond are 
called organometallic compounds. ftganometaUic compounds 
may be classified in three classes : 

(a) Sigma (a) bonded complexes (b) pi (tc) bonded complexes 

(c) complexes containing both a and ir-bonding. 

Grignard reagent {R —Mg— X), zinc compound: (i? 2 Zn), 
Al 2 (CH 3 ) 6 , etc., are a-bonded organometallic compounds. 
Zeise’s salts, ferrocene, dibenzene chromium are 71 -bonded 
complexes. Metal carbonyls are examples of both 0 and 
7C-bonded organometallic compounds. 

19. (a) Ligands with more than six donor groups form unstable 

rings due to steric hindrance. 

(b) Chelating ligands form more stable complexes than the 
monodentate ligands. Chelates with five memteed rings 
including metal atom are more stable if these do not 
contain double bonds; Chelates with six membered rings 

bonds. 

(c) Complex formed with a cyclic polydentate ligand is more 
stable than complex formed with a non-cyclic ligand. 

20. (a) The complexes of the type MA3B3 can form the following 

two types of geometrical isomers : 


NH 3 




H 3 NI 


Cl 


a 


Cl 

Facial or fac-isomer 


All the similar ligands 
occupy the same face 
of the octahedron. 


a 


-^NH3 

H3N^1X 


Cl 


Meridional or merrisomer 


(b) In square planar complexes, positions, 1,2; 2,3; 3,4 and 

1.4 are cis while 1,3 and 2,4 are trans with respect to each 
other. In octahedral complexes, positions 1,2; 1,3; 1,4 and 

1.5 are cis while 1,6; 2,4 and 3,5 are tram with respect to 
each other. 



Square planar 


1 



6 

Octahedral 


21. (a) Ferrocene [Fe(r|^ - C 5 H 5 ) 2 ] and dibenzene chromium 
[CrCT]^- C 6 H 6 ) 2 ] are called sandwiched compounds. 

(b) Potassium hexanitrcK:obaltate(IH), K3[Co(N02)6] is calM 
Fischer’s salt. 


of Mg and vitamin B 12 is a complex of Co. 

22. (a) Organo-arsenic compounds are used as remedy for 
syphillis. 

(b) Zeigler-Natta catalyst, i^sAl, mixed with TiCls or TiCl 4 is 
used in low temperature polymerisation of alkenes. 

(c) Wilkinson’s catalyst, {Ph 3 P) 3 RhCl is used in the 
hydrogenation of alkenes. 

(d) Ethyl mercury chloride is used to prevent the infection 
of young plants. 

(e) Tetraethyl Lead (TEL) is an important anti-knock 
compound added to petrol used in interval combustion 
engines, 

(f) Grignard reagent and several other organo metaUics are 
good reagents for the synthesis of compounds. 


•••H PRACTICE PROBLEMS 




■ Subjective Type Questions 

1. Indicate 'principal’ and 'secondary’ valencies of central metal 
ion in the following complexes: 

(a) [Cr(NH3)6]a3 (b) K4[Fe(CN)d 

(c) [Pt(NH 3 ) 2 a 2 ] (d) K2[PtCl4] 

(e) [Cq(NH 3 ) 5 H 20 ]C 13 (f) [Cu(NH 3 ) 4 ]S 04 

2. Determine the effective atomic number of the metal atom in 
the following: 

(a) lCt(CO)d (b) [Fe(CN)6]^ 

(c) [Co(CN) 6 ]^ (d) [Ni(NH3)6]^^ 

[Or - 24; Fe = 26; Co = 27 and Ni = 28 as atomic numbers] 

3. Write down the lUPAC names of the following complexes: 

(i) K 4 [Mo(CN) 8 ] (ii) Co[(en) 2 a(ONO)f 

(iii) [a(p.ph3)(co)5] (iv) [Pt(NH3)4a2][Ptcw 

(V) (NH4)3[Cr(NCS)6] 


(vi) 



| 2 + 


Cq(NH3)4 


(vM) K[BF 4 ] (viii) Cu 2 [Fe(CN) 6 ] 

4. Write the formulae of the following complexes: 

(a) Diamminechlorido (ethylenediamine) nitrito-N-platinum 
(IV) chloride. 

(b) Calcium hexacyanoferrate(n). 

(c) Tetraamminecobalt (in)-p-anMno-p~nitrotetraammine- 
cobalt (HI) nitrate. 

(d) Dichlorido bis (ethylenediamine) cobalt (HI) sulphate. 

(e) Sodium tetrahydroxoaluminate (HI). 

(f) Potassium ethylenediamine tetraacetate ferrate (II). 

(g) Hexaamniinechroinium(III)hexacyanocobaltate(in). 

5. Combination of Pt(rV), NH 3 , OF and results in the 
formation of seven complexes and one such complex is 
Pt(NH3)6]Cl4* 
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(i) Write the formulae of the other six members of the 
series. 

(ii) Name these complexes according to the lUPAC system 
of nomenclature. 

(Mi) Which will have highest molar conductivity? 

(iv) Which of these is non-ionic? 

(v) What is the coordination number and oxidation state 
of Pt in these complexes? 

6 . How many ions per mole of the following complexes are 
present in thek solutions? 

(i) [Co(NH 3 )(en)^i]a 2 © [Ag(NH 3 ) 2 ]Br 

(Mi) [Pt(NH3)4][Pt04] (iv) [Pt(NH3)4a2]a2 

(V) Cu 2 [Fe(CN)d 

7 . Which of the following names are correct? 

(i) K3|Fe(CN)5NO] :Pot^sium i^ntacyanonitrosyl 

..._.^.fOTate-(n).. - -.. -. 

©-J!!Ja 2 - P^(ED TA)]-:^ odiu jiLettLylenediamm inete tra^_ 

acetatonickel (I). 

(Mi) [Co(NH3)5C03]Q : Pentaamminecarbonatocobalt (ID) 
chloride. 

(iv) K3[A1(C204)3] : Potassium tris (oxalato) aluminate 

cm). ; . 

(v) K 2 [ 2 ii(C)B 54 ] : Potassium tetrahydroxozincate (D). 

(vi) K2[PtF5] : Potassiunihexafluoridoplatinate(IV). 

(vM) [Co(en)3]03 : Triethylenediamminecobalt (ID) 

chloride. 

(vMi) Hg[Co(CNS)4] : Mercury tetrathiocyanatocobalt (D). 

8 . What type of isomers are the following? 

(i) [(CO)5MnSCN] and [(CO)5MnNCS] 

(M) [Co(en)3][Cr(CN)6] and [Cr(en)3;i [Co(CN)6] 

(Mi) [Co(NH 3)5N03]S04 and [Co(NH3)5S04]N03 

(iv) [Co(py)2(H20)2a2]a and [Co(py)2(H20X:i3]H20 

9 . Describe a simple chemical test that would allow you to 
distinguish between the compounds, [Co(NH3)5Br]S04 and 
[Co(NH3)5S04]Br. 

10 . How many geometrical isomers are there for: 

(a) [Co(NH3)2Cl4]” octahedral? 

(b) [AuCl2Br2]” square planar ? 

(c) [CoCl2Br2]^”, tetrahedral ? 

11 . What are the types of hybridization involved in the following 
geometrical shapes of the complex? 

(a) Square planar (b) Tetrahedral (c) Octahedral 

12 . Explain the geometry and magnetic nature of the following 

complex ions on the basis of valence bond theory. 

(i) [Cr(NH 3 )d^* ® (iii) 

(iv) m^Cl 4 t (V) [Ni(CN) 4 f- (vi) [Cu(NH 3 ) 4 ] 2 + 

13 . Explain the following: 

2 + 

(i) All the octahedral complexes of Ni must be outer- 
orbital complexes. 

[Ans. 3d 4s 4p 4d 



During rearrangement only one 3d-orbital may be made 
avaOable by pairing the electrons. Thus, inner d^sp^ 


hybridization is not possible. So, only sp^d^ (outer) 
hybridization can occur.] 

(M) [CoFg]^ is paramagnetic but [Co(CN) 6 ]^ is diamagnetic. 
[Ans. In [CoF^]^, undergoes sp^d^ hybridization. Four 
il~orbitals am singly occupied. Hence, it is i^ra- 
magnetic. 

3d 4s 4p 4d 


[CoFd^ 


Rearrangement 


sp^d^ hybridization 


In [Cc^CN)^]^, undergc^s d%p^ hybridization. 
NO“Orbital is singly occupied. Hence, it is diamagnetic.] 

3d 4s 4p 

[co(cn) 6]^" |ti|ti|Ti| :TT1 m I : I : I : 

Rearrangement .2 3 u u *. 4 ' 

. -.- . .. d sp -hybridization. 

^__ 2 - _ 

'^e--magnehe-momelFbf1S--53? 

[Ans, In [MnCU]^” ion, Mn^"^ ion undergoes sp^ hybridi¬ 
zation. It contains 5 ^-orbitals singly occupied. Hence, 
it has high value of magnetic moment,] 

3d 45 4p 

[Mncy^^ Tj 11 t| tfTl m I: I: I 


sp^ hybridization 


(iv) NH 4 ion does not form complexes, 

[Ans. NH 4 ion does not act as Mgand because nitrogen atom 
has no lone pair of electrons which it can donate to 
metal atom.] 

(v) (SCN)” shows linkage isomerism in coordination 
compounds. 

[Ans. (SCN)~ group can coordinate with metal atom either 
through S-atom or N-atom giving two isomers. Thus, 
it shows linkage isomerism.] 

(vi) Three geometrical isomers of the sqijare planar complex, 
[Pt(NH 3 )(H 20 )(py)(N 02 )]'', are possible. 

[Ans. 



Three different arrangements corresponding to three geomenical 
isomers are possible.] 

14. Find out the hybridizatfon, geometry and magnetic moment 
of the complexes: 

(i) [Com3)6t Cli) [Cimkt 

[Ans. The oxidation state of cobalt in the complex is +3. 
The electronic configuration of Co^*^ ion is: 

[Co(NH3)6]2^ 

Rearrangement ,2 3 i. i. • 

^ d sp hybridization 

Octahedral, zero magnetic moment. 
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The oxidation state of chromium in the complex is +3. The 
electronic configuration of Cr^*^ ’ 

3d 


[Cr(CN)6] 


3 + 


Tj 

[T 

E 

□ 

□ 

E 

E 

E 

E 

m 


ion is: 

4s 

□' 

s 


4p 


Rearrangement 


2 3 

d sp hybridization 


15. 


16. 


Octahedral, mag. moment = .^3 x (3 + 2) = ^15 = 3.87 B.M.] 
E>raw the structures of [Co(NH 3 ) 6 ]^'^, [Ni(CN) 4 ]^” and Ni(CO) 4 . 
Write the hybridization of atomic orbitals of the transition 
metal in each case. [LLT. 2000] 

Deduce the structures of [NiCy^” and [Ni(CN) 4 ]^" consider- 
ing the hybridization. Calculate the magnetic moment (spin 
only) of the species. CI.I.T. 2002] 

[Am. lis [NiCl 4 f 

:z=z-...=iz=:^^ 


2 - Y-i,™ 


Cl is weak field lig^d. 




Ni^'" in- 
[Nicy 


Ti n Ti 

E 

t 

m 

• 


• 

# 

« # 

« • 


2~ 


sp^ hybridization 


[Nicy is a tetrahedral complex. 


•2+ 


Number of unpaired electrons in Nf 
Magnetic moment ‘p’ = ^ = ^2{2 + 2) = 2.82 B.M. 

In [Ni(CN) 4 ]^“, CN“ is strong field ligand. 

in-> 


ti 

n 

n 

i— 

E 


[Ni(CN)4]^ 


dsp^ hybridization 


[Ni(CN) 4 ]^ is a square planar-complex. 
Number of unpaired electrons in Ni^'*' = 0 

Magnetic moment ‘p’ = ^n(n + 2) = 0 1 



Answere i Subjective Type Questions 


1 . 


2 . 

3. 


4. 


5 . 


(a) 3 and 6 (b) 2 and 6 (c) 2 and 4 (d) 2 and 4 (e) 3 and 6 
(f) 2 and 4. 

(a) 36 (b) 35 (c) 37 (d) 38. 

(i) Potassium octacyanomolybdate (IV) (ii) Chlorido bis (ethylene- 
diammine) nitrito-o-cobalt (HI) ion (iii) Pentacarbonyl tripheny- 
Iphosphinechromium (0) (iv) Tetraamminedichloridoplatinum (IV) 
Tetrachloridoplatinate (II) (v) Ammonium hexaisothiocyanato 
chromate (HI) (vi) Tetraamminecobalt (in)-p-amido~p-peroxo- 
tetraammine cobalt (HI) ion (vii) Potassium tetrafluoridoborate (HI) 
(viii) Copper hexacyanofermte (II). 

(a) [Pt(NH 3 ) 2 Cl(en)N 02 ]Cl (b) Ca 2 [Fe(CN) 6 ] 


(c) 


(H3N)4Co' 


'NH2 

'NO 2 


^Co(NH3)2 


(NOjk 


(d) [Co(CN) 2 Cl 2 ]Cl 3 (e) Na[Al(OH)4] 

(f) K 2 [Fe(EDTA)] (g) [Cr(NH 3 ) 6 ][Co(CN) 6 ] 

(i) [Pt(NH3)5a]Cl3; [Pt(NH3)4Cl2]Cl2; [Pt(NH3)3a3]; 
[Pt(NH3)2Cy; [Pt(NH3)Cl5]-; [PtCy^ 

(ii) Pehtaamminechloridoplatinum (TV) chloride; Tetraamminedichlo¬ 
ridoplatinum (IV) chloride, Triammine trichlorido platinumflV) chlo- 


17. What are the main features of the ligand field theory? 

18. How does crystal field theory explain? 

(i) High spin and low spin states of complexes 
(H) Magnetism of complexes 
(iii) Colour of the complexes. 

19. (a) What are organometallic compounds? How are these 

compounds classified? 

(b) How is ferrocene, Fe(C 5 H 5)2 prepared? Draw its struc¬ 
ture. 

20. (a) Describe at least three applications of coordination 

compounds. 

(b) Describe the applications of organometallic compounds 
in homogeneous catalysis. 

21. What is meant by stability of a coordination compound 

in solution? State the factors which govern stability of 
complexes. _ , _ 

■ Matching Type Questions 


Match the foUowing: 

1. Double salt 

2 . Zeise’sjalt. 

3. Neutral molecule 

4. EDTA 

5. Ni(CO )4 

6. [Cr(NH3)6]^+ 

7. Low spin complex 

8 . " Glycine 


(a) [Cb(NH 3 ) 3 a 3 l 

(b) Hexadentate. 

(c) Bidentate 

(d) Paramagnetic 

(e) FeS 04 (NH 4 ) 2 S 04 ‘ 6 H 20 

(f) , K4Fe(CN)6 

(g) Diamagnetic 

(h) An organometallic 
compound 


~ .. .-. .. . 

ride; Diaraminetetrachloridoplatmum (IV); Amminepentachlorido 
platinate (TV) ion; Hexa chloridoplatinate (FV) ion: 

(iii) [Pt(NH3)6]Cl4 (iv) [Pt(NH 3 ) 2 CU] (V) 6 and 4. 

6. (i) 3 mole of ions, [Co(NH 3 )(en) 2 Cl]'*‘ + 20” (ii) 2 mole of ions, 
[Ag(NH 3 ) 2 f + Br~ (iu) h mole of ions, [Pt{NH 3 ) 4 ]^'" + [PtCUf “ 

(iv) 3 mole of ions, [Pt(NH 3 ) 4 Cl 2 ]^'^ + 20“ (v) 3 mole of ions, 
2Cu^^ + [Fe(CN)6]'^. 

7. (i), (iii), (v) and (vi) are correct. 

8 . (i) Linkage (ii) Coordination (iii) Ionisation (iv) Hydrate. 

9. [C^(NH 3 )gBr]S 04 gives which precipitate with barium chloride 
solution while [Co(NH 3 ) 5 S 04 ]Br gives light yellow precipitate 
with AgN 03 solution. 

10. (a) Two, cis- and trans- (b) Two, cis- and trans- 

(c) No isomerism is exhibited. 

11 . (a) dsp^ (b) sp^ (c) d^sp^ or sp^d^. 

12. (i) Octahedral, Paramagnetic (ii) Octahedral, Diamagnetic 
(iii) Octahedral, Paramagnetic (iv) Tetrahedral, Paramagnetic 

(v) Square planar. Diamagnetic (vi) Square planar. Paramagnetic. 
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15. [Co(NH 3 ) 6 ]^^ hybridization 


il;^l(CN) 4 ]^ dsp^ hybridization 



NH 3 

Octahedral 



[Ni(CO) 4 ] sp^ hybridization 


CN I Tetrahedral 

I Answers : Matching Type Questions 
I (1-^); (2-h); (3-a); (4^); (5™g); (^); (7-f); (8-^). 


Square planar 



1 . Highest molar conductivity is exhibited by : 

* (a) [Co(NH3)da3 (b) [Co(m^4mCl 

(C) [Co(NH3)5a]a2 (d) [Co(NH3)3a3] 

Ans. (a) 

[Hint : [Co(NH 3 ) 6 ]Cl 3 gives maximum number of ions in solution. 
Thus, it shows highest molar conductivity, 

[Co(NH 3 )dCl 3 ^ [Co(NH 3 ) 6 ]^+ + 3cr 
Total ions = 4] 

2 . The complex, [Co(NH 3 ) 4 Cl 2 ]^ is known to exist in two 
different coloured forms. This is due to : 

(a) ionisation isomerism (b) optical isomerism 

(c) geometrical isomerism (d) linkage isomerism 

Ans. (c) 

3. The lUPAC name of [Pt(NH 3 ) 4 Cl 2 ][PtCl 4 ] is : 

(a) tetraamminedichloridoplatinum (IV) tetrachloridoplatinate (HI) 

(b) tetraamminedichloridoplatinum (II) tetrachloridoplatinate (IQ) 

(c) tetraamminedichloridoplatinum (HI) tetrachloridoplatinate (II) 

(d) tetraamminedichloridoplatinum (IV) tetrachloridoplatinate (II) 
Ans. (d) 

4 . Which one of the following cyano complexes would exhibit 
the lowest value of paramagnetic tehaviour ? 


(a) [Cr(CN)d^ 
(c) mmet 

Ans. (b) 


(b) [Co(CN)d 
(d) micmef 


E.C. = [Ar] 


No unpaired electron 
paramagnetkm = 0] 


5. In which of the following pairs both the complex^ show 
optical isomerism ? {A.LLM.S. IMS} 

(a) c«-[C^(C 204 ) 2 Cl 2 ]^ OT-[Co(NH 3 ) 4 a 2 ] 

(b) [Co(en) 3 ]Cl 3 ,ds-[Co(en) 2 a 2 ]Cl 


(c) [PtCl(dieii)]Cl,[Nia2Br2]‘'^ 

(d) [Co(N03)3(NH3)3],cM-[Pt(en)2a2] 
Am (b) 

6 . Two complexes given below are : 


enf / M 



(a) geometrical isomers (b) position isomers 

(c) optical isomers (d) identical 

Ans. (d) 

[Hint: Both represent the same molecule.] 

The number of geometrical isomers of [Co(NH 3 ) 3 (N 02 ) 3 ] are: 
(a) 2 (b) 3 

(c) 4 *(d) nil 

Ans. (a) 

[Hint : The complex exhibits twq geometrical isomers (i) facial and 
(ii) meridioiMl. 

NH3 NO2 

H3N K . 1 . HsN k I y . NH3 


NO 2 

'Faciar 


NO 2 

‘Meridlonar 


8 . Which of the following is a 7C-acid ligand? 

(a) NH 3 moo 

(c) F“ (d) NH2 

Am (b) 

[Hint : Ligands which are capable of accepting an appreciable 
amount of n electron density from to metal atom into n 
or 71 :* orbitals of their own are called Tc-acceptor or 7i~acid 
Hgands such as CO.] 
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(b) [{Ph3P)3Rha] 
(d) none of these 


(a) (octahedral) 
{q) (f (octahedral) 


9. Wilkinson’s catalyst is : 

(a) Tia 4 andAl(C 2 H 5)3 
(c) TiCl 4 and(C 6 H 5 ) 3 P 
Ans, (a) 

10. Which of the following systems has maximum number of 
unpaired electrons or maximum paramagnetism ? 

(b) (octahedral) 

(d) (octahedral) 

Ans, (d) 

[Hint : system has five impaired electrons.] ' 

11. The tetrahedral crystal field splitting is only ..... of the 
octahedral splitting, 

(a) 1/9 (b) 2/9 (c) 4/9 (d) 5/9 

Ans. (c) 

12. Which crder is correct in spectrcx^hemical series of ligands? 

(a) er < r < [€204]^^ < no2 < cn“ 


(c) [C 204 f-<F^<Cr<N 02 <CN- 

(d) r < a" < NOi < CN“ < [€204]^“ 

Ans. (a) 

13. The phenomenon of optical activity will be shown by : 

<“> M 


16. The pair in which both species have iron is: [A2006] 

(a) nitrogenase, cytochromes 

(b) carboxypeptidase, haemoglobin 

(c) haemoglobin, nitrogenase 

(d) haemoglobin, cytochromes 
Ans. (d) 

17. The ligands in anticancer drug 'd^-platin’ are: 

[A.IXM.S, 2006] 

(a) NH 3 ,C 1 (b)NH 3 ,H 20 

(c) C 1 ,H 20 (d)NO,Cl 

Ans. (a) 

18. Match List-I with List-II and select the corr^t answer using 
codes given ahead in the liste: 

List-I list-n 

Metal ions Magnetic moments (BM.) 

A. Cr^ ____J 




(C, 


en 


(d) 



Ans. (b) 

14. The number of isomem possible for square planar complex, 
K 2 [PdClBr 2 SCN]aie: 

(a) 2 (b)3 

(c) 4 (d) 6 

Ans. (c) 

[Hint : Two geometrical isomers and two linkage isomers (-SCN 
and -CNS.] 

15. The pair in which both species have same magnetic moment 

(spin only value) is: ( A J.LM.S. 2tMKt] 

(a) [Cr(H20)6]^".[CoCl4]^- 

(b) [Cr(H 20 ) 6 ]^[Fe(H 20 ) 6 ]^^ 

(c) [Mn(H20)d^[Q(H20)d^+ 

(d) [Coa 4 ]^tFe(H 20 ) 6 ]^^ 

Ans, (b) 

[Hint : Same magnetic moment “ Same number of impaired 

electrons 
= ^ninVf) 

where n = number of unpaired electrons 
Co^'*' = 3 impaired electrons 

Cr^"^ = 4 unpaired electrons 

Mn^*^ = 5 unpaired electrons 

4 unpaired electrons] 


B. Fe^'" 

C, 


D. Mn 


2+ 


2 . M 

3. 4u 

4. 4^ 

5 . 4 % 


(a) B--3, C-5, EM 

(b) A-2, B-3, C-5, 

(c) A-4, B^3, C--5, 1>~1 

(d) AM, B-5, C-3, D~1 
Ans. (c) 

[Hint : Magnetic moment = ^nin 4^ 

Cr^+_3d3 = V^ = Vi5 
- 3 d* = V4^ = -N /24 


2+ 


Fe- 

3d* = ,^><4 = V8 
Mn^+—3d^=V^ = V35 ] 

19. In Fe(CO) 5 , the FeM! bond possesses: [AXE.E.E. 2006] 

(a) % character only (b) a character only 

(c) ionic character only (d) both % and 0 chm*acters 

Ans. (d) 

20. [Cr(H 20 ) 6 ]Cl 3 (at. no. of Cr = 24) has a magnetic moment of 

3.83 B.M. The correct distribution of 3d electrons in the 
chromium present in the complex is: [C.B,S.E. 2006] 

(a) 34 , 34 , Ml, 


(b) 3 d 


xyi ^yz' 






(d) 3 dxy^ 

Ans, (a) 

[Hint : Magnetic moment indicates that there are three unpaired 
electrons present in chromium. These must be present in 
lower energy orbitals which are 3dy^ and Sdtz-] 
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OBJcCTIvG QUG51ION5 



Note : Choose the correct answer out of given alternatives for each question. 


2 . 


3 . 


Ethylenediamine is an example of a ...... . ligand. 

(a) monodentate □ (b) bidentate □ 

(c) tridentate □ (d) hexadentate □ 

How many EDTA molecules are required to make an 
octahedral complex with a ion? [A.I.E.E.E. 2006 ] 
(a) Six □ (b) Three □ 

(c) One □ (d) Two □ 

[Hint : Only one molecule is required as EDTA is a hexadentate 
ligand.] 

The coordination num of X in the 

give n compound [X( N H3)5(S04)]Ci will be _ 


(b) tetracarbonyl nickelate(n) □ 

(c) tetracarbonyl nickel(O) □ 

(d) tetracarbonyLnickel(II) □ 

14 . The number of chloride ions which would be precipitated, 
when CrCl34NH3 is treated with silver nitrate solution: 

(a) 3 □ (b) 2 □ 

(c) 1 □ (d) 0 □ 

15 . [Co(NH3)5Br]S04 and [Co(NH3)5S04]Br are related to each 
other as: 

(a) ionisation isomers □ (b) linkage isomei^ □ 

(c) coordination isomers □ (d) geometricad isomers □ 


(a) 10 and 3 
(c) 6 and 3 


4 . Which one will give ions in solution? 


fHaryana (P.M.T.) 2006] 

□ (b) 2 and 6 □ 

□ (d) 6 and 4 □ 


(a) rnmei 


a- 


□ 

□ 

□ 

□ 


(b) w<cm 

(c) (NH4)2S04dfeS04 6H2O 

(d) .Fe2(S04)3 

5 . Which of the following is non-ionisable? 

(a) R(NH3)2Cl4 □ (b) Pt(NH3)3a4 □ 

(c) Pt(NH3)4Cl4 □ (d) R(NH3)6a4 □ 

6. What is the coordination number of Cr in K3Cr(ox)3? 

(a) 6 □ (b) 5 □ 

(c) 4 □ (d) 3 □ 

7 . What is the oxidation state of iron in K4Fe(CN)5? 

(a) 6 □ (b) 4 □ 

(c) 3 □ (d) 2 □ 

8. What is the value of jr in the [Ni(CN)4f complex ion? 

(a) +2 □ (b)-^2 . □ 

(c) 0 □ (d) +4 □ 

9 . A complex compound in which the oxidation nupiber of metal 

is zero: [C.EX (Karnataka) 2008 ] 

(a) [Ni(CO)4] □ (b) [R(NH3)4]a2 □ 

(c) K4[Fe(CN)6] □ (d) K3[Fe(CN)6] □ 

10 . The FAN of cobalt in the complex ion [Co(en)2Cl2]^ is: 

(a) 27 □ (b) 36 □ 

(c) 33 □ (d) 35 □ 

11 . The formula of the complex trls (ethylene diamine) cobalt(in) 
sulphate is: 

(a) [Co(en)2S04] □ (b) [Co(en)3S04] □ 

(c) [Co(en)3]2S04 □ (d) [Co(en)3]2(S04)3 □ 

12 . The lUPAC name for the complex [Co(NH3)5(N02)]Cl2 is : 

[A.I.E.E.E. 2006 ) 

(a) niMto-n^pentaamniine cobalt (in) chloride □ 

(b) nitrito-n-pentaammine cobalt (H) chloride □ 

(c) pentaammine nitrito-n-cohalt (II) chloride □ 

(d) pentaammine nitrito-n-cobalt (fU) chloride □ 

13 . TheIUPACnameofNi(CO)4is: 

(a) tetracarbonyl nickelate(O) □ 


16 . [Co(]SnH[3l5N02] CI2 and [Co0f^ni3)5ONO]Cl2 am related to each 
other as: 

(a) geometrical isomers □ (b) linkage isomers □ 

(c) coordination isomers □ (d) ionisation isomers □ 

17 . Which of the following shows structural, geometrical and 

optical isomerism? - 

(a) [Co(en)(NH3)2Cl2]Cl □ 

(b) [C 0 (PPh 3 ) 2 (NH 3 ) 2 Cl 2 ]Cl □ 

(c) [Co(en)3]Cl3 -□ 

(d) [Co(en) 2 Cl 2 ]Br □ 

18 . Which one of the following does not give a white precipitate 
with silver nitrate solution? 

(a) [Co(NH3)6]Cl3 □ (b) [CoCNH3)5Cl]a2 □ 

(c) [Go(NH 3 ) 4 a 2 ]a 2 □ (d) [Co(NH3)3a3] □ 

19 . Which of the foOowing has the highest molar conductivity 
in solution? 

(a) [R(NH3)6]Cl4 □ (b) [R(NH3)5Cl]Cl3 □ 

(c) [B(NH 3 ) 4 a 2 ]Cl 2 □ (d) [Pt(NH3)3a2]a □ 

20 . Geometrical isomerism is found in coordination compounds 
having coordination number; 

(a) 2 □ (b) 3 In 

(c) 4 (tetrahedral) □ (d) 6 □ 

21 . Which one of the following will be able to show geometrical 

isomerism? [B.V.(Pune) 2006 ] 

(a) M 44 □ (b) MA^B □ 

(c) MABCD □ (d) M{AA)2 □ 

22 Optical isomerism is not shown by the complex: 

(a) [Q(ox)3]^ □ 

(b) [Co(en)2Cl2f (cw-form). □ 

(c) [Co(en)2Cl2]*^ (tran^-form) □ 

(d) [Cr(en) 3 ]^ □ 

ox=oxalate; en=ethylenediamine 

23 . Theoretically, the number of geometrical isomers expected for 
octahedral complex, [Mabcdef] is: 

(a) 0 □ (b) 15 □ 

, (c) 12 □ (d) 30 □ 

24 . The lUPAC name of complex, K3[A1(C204)3] is: 

(a) potassium alumino oxalate □ 

(b) potassium Moxalatoaluminate(in) □ 
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(c) potassium alumimum(in) oxalate 

(d) potassium trioxalatoaluminate{VI) 

25. The complex that violates the EAN is: 

(a) potassium ferrocyanide 

(b) potassium fenicyanide 

(c) tetracarbonyl nickel 

(d) hexaammine cobalt(III) chloride 

26. The hybridkation in Ni(CO )4 is: 

(a) sp □ (b) sp^ 

(c) sp^ □ (d) dsp^ 

27. K 4 [Fe(CN) 6 ]iscaUed; 

(a) potassium hexacyanoferrate(n) 

(b) potassium ferricyanate 

(c) potassium ferricyanide 

(d) Prussian blue 

28. The hybridization of Fe in K 3 [Fe(CN) 6 ris: 




(c) sp^d^ 


2._3 


□ (d)dV 


□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 

□ 

□ 

Q" 

□ 


29. The complex, [Ni(CN) 4 ] has; 

(a) linear structure □ (b) tetrahedral structure □ 

(c) square planar structure □ 

(d) octahedral structure □ 

30. All ligands are; 

(a) Lewis acids □ (b) Lewis bases. □ 

(c) neutral □ (d) none □ 

31. Which of the following is paramagnetic? 

(a) Potassium ferrocyanide □ 

(b) Potassium ferricyanide □ 

(c) Hexaammine cobalt(III) chloride □ 

(d) Tetracarbonyl mckel(O) □ 

32. Among the following ions which one has the highest para¬ 
magnetism? 


(a) mikow 


□ (b) [Fe(H20)6] 


i2+ 


. □ 

(c) [CuCHaOd^ □ (d) [ZnCHiOJ^^ O 

[Hint ; Larger the number of unpaired electrons, the more it has 
paramagnetism. The outer configurations are; 

Zn-Sd’®] 

33. Which one of the following is paramagnetic in nature? 


(a) Ni(CO )4 

i2- 


□ (b) [Ni(CN)4] □ 

(c) O (d) [Co(NH 3 ) 6 ]^^ □ 

34. Which one of the following complexes is diamagnetic in 
nature? 


(a) [Cr(NH 3 ) 6 ]^ □ (b) [FeFd^ □ 

(c) [Co(NH 3 ) 6 ] □ (d) [Fe(H 20 ) 6 ]^^ □ 

35. Which of the following complexes does not have tetrahedral 
geometry? 

(a) Ni(CO )4 (diamagnetic) □ 

(b) [MnCm^ (5 unpaired electrons) □ 

3,2—Q 

□ 


(c) [Ni(CN) 4 ] "(diamagnetic) 

(d) [NiCl 4 ]^" (2 unpaired electrons) 

36. The complex [Pt(NH 3 ) 4 ]^'^ has....... structure. 

(a) square planar □ (b) tetrahedral 

(c) pyramidal □ (d) pentagonal 


□ 

□ 


37. Which one of following high spin complexes has the largest 
C.RS.E. (crystal field stabihsation energy): 


(a) [cmioyi 


3+ 


□ (b) [Cr(H20)6] 


i2+ 

i3+ 


□ 

(c) [Mn(H 20 )d^^ □ (d) iMn(H 20 ) 6 ]^^ □ 

[Hint: Cation with higher oxidation state has a larger value of 
C.F.S.E. and C.F.S.E. decreases with increase of the 
number of electrons.] 

38. The complex having the molecular composition, 
[Co(N 02 ) 2 (SCN)(en) 2 ] Br exhibits: 

(a) linkage isomerism □ (b) ionisation isomerism □ 

(c) cis-tram isomerism □ (d) all of these □ 

39. Which one is not an organometallic compound? 

(a) RMgX □ (b) (C 2 H 5 ) 4 Pb □ 

(c) (CH 3 ) 4 Sn □(d) CiHsONa □ 

40. The formula of the ferrocene is: 


(aj [(€5H5)OT^77 


□ (b)pe(a^6] 


|3^ 


□ 


ET 


□ “(a)"[Fe(CO) 5 ] 

41. 7C-bonding is not involved in: 

(a) ferrocene □ (b) dibenzene chromium □ 

(c) Zeise’s salt □ (d) Grignard reagent □ 

42. Wilkinson’s catalyst contains: 

(a)' rhodium. □ (b) iron " □" 

(c) aluminium □ (d) cobalt □ 

43. Arrange the following in order of decreasing number of 


unpaired electrons : 

(i)[Fe(H20)6]f 

(iii)[Fe{CN)6r 


i3+ 


(ii)[Fe(CN)6]" 

(iv)[Fe(H 20 ) 6 ]" 

(a) (i),(ii),(iii),(iv) □ (b) (iv),(u), (i),(iii) □ 

■ (c) (ii),(iii),(i),(iv) □ (d) (iv), (i), (ii), (iii) □ 

[Hint: (iv), (i), (ii) and (iii) have 5,4,1 and 0 numte of unpaired 

electrons respectively.] 

44. Which of the following systems has maximum number of 
unpaired electrons? 


(a) d (octahedral, low spin) 

(b) (tetrahedral) 

(c) d^ (octahedral, low spin) 

(d) d^ (octahedral) 

45. The lUPAC name of K 3 [Fe(CN) 6 ] is: 

(a) potassium ferrocyanide 

(b) potassium ferricyanide 

(c) potassium hexacyanoferrate(II) 

(d) potassium hexacyanoferrate(lll) 


□ 

□ 

□ 

□ 

[A.LE.E.E.2005]- 

□ 

□ 

□ 

□ 


46. The oxidation number of Pt in [Pt(C 2 H 4 )Cl 3 ] is: 

(a) +1 □ (b) +2 □ 

(c) +3 □ (d) 44 □ 

47. Amongst Ni(CO) 4 , [Ni(CN) 4 ]^” and [NiCLt]^"; 

(a) Ni{CO )4 and are diamagnetic and [Ni(GN) 4 ]^'* 


is paramagnetic 


□ 


(b) [NiCy^ and [Ni(CN) 4 ]^ are diamagnetic and [Ni(CO) 4 ] 


IS paramagnetic 


□ 


(c) Ni(CO )4 and [Ni(CN) 4 ]^” are diamagnetic and [NiCU]^ is 


paramagnetic 


□, 


(d) Ni(CO )4 is diamagnetic and [NiCLj]^ and [Ni(CN) 4 ]^ are 
paramagnetic □ 
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48. Identify the complexes which are expected to be coloured: 
(a) [Ti(N 03 ) 4 ] □ (b) [Cu(NCCH 3 ) 4 ]^BF 4 - □ 

□ 


(c) [GifNH3)6]^^3Cr □ (d) K 3 [VF 6 ] 


= 3d^; ^ 


:3r 


□ 


[Hint:Tr=3r; Cu-"=3d 

49. YitammB“12contains: 

(a) cobalt □ (b) magnesium 

(c) iron □ (d) nickel □ 

50. Find out the wrong statement for an oct^edral complex: 

(a) An ion with configuration has one unpaired election 

both in weak and strong fields. □ 

(b) A centra! metal ion with d configuration has two 

unpaired electrons. □ 

(c) An ion with d^ configuration is diamagnetic in a strong 

field. □ 

(d) M and <i^-configurationSy weak and stong field 

cpmplexes-h^pdiferenyiumbeM 

[Hint: A ion has 5 unpaired electrons in weak field.] 

51. Which of the following compounds is not coloured? 

(a) MaaiCuC^] □ (b) Na 2 [Cda 4 ] □ 

(c) K 4 [Fe(CN^] □ (d) KsEFeCOSDe] □ 

51 The number of geometrical isomers of [Co(NH 3 ) 3 (N 03 ) 3 ] is: 
(a) 0 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

53. The total number of possible isomers of the compound, 

[Cu(NH 3 ) 4 ][pfcl 4 ],are: 

(a) 3 □ (b) 5 □ 

(c) 4 □ (d) 6 □ 

54. The geometry ofNi(CO )4 and Ni(FPH 3 ) 2 Cl 2 are: 

(a) both square planar O 

(b) tetrahedral and square planar respectively □ 

(c) both tetrahedral □ 

(d) square planar and tetrahedml respectively □ 

55. What is the shape of Fe(CO )5 molecule? [C.B.S.E. 20 IW] 

(a) Tetrahedral □ (b) OctahedM □ 

(c) Trigonal bipyramidal □ (d) Square pyramidal □ 

56. Mg is an important component of which biomolecule 

occurring extensively in living world? [C.B.S.E. 20{N)] 
(a) Haemoglobin □ (b) Chlorophyll □ 

(c) Florigen □ (d) ATP □ 

57 7 ^^ complex ion which has no d electrons in the central metal 

atom is (At. No. Cr = 24, Mn = 25, Fe = 26, Co = 27): 

[IJ.T. (S) 2001] 

(a) [Mn 04 ]“ □ (b) [CofNHsfe]^ ^ □ 

(c) [Fe(CN)6]3" □ (d) ICmiOJet □ 

58. The COTect order of hybridization of the central atom in 

following species NH 3 , [PtCy^", PCI 5 , BCI 3 is (At. No. of 
Pt = 78): [Ll.T. (S) 2001 ] 

(a) dsp^, dsp^, sp^ and sp^ □ (b) sp^, dsp^, dsp^, sp^ □ 

(c) dsp^, sp^, dsp^, sp^ □ (d) dsp^, sp^, sp^, dsp^ □ 

59. Some salts although containing two different metallic elements 
give test for one of them in solution. Such salts are: 

[AJ.LM.S. 2001] 


(a) complex salt □ (b) double salt □ 

(c) normal salt □ (d) none of these □ 

60. Which of the following gives maximum number of isomers? 

[C.B.S.E. 2001] 

(a) [Co(NH 3 ) 4 a 2 ] □ (b) [Ni(en)(NH 3 ) 4 f+ □ 

(c) [Ni(C 204 )(en) 2 ] □ (d) [Cr(SCN) 2 (NH 3 ) 4 ]^ □ 

61. Cooidination number of Ni in (Ni(C 204 ) 3 ]"^“ is: 

[C.B.S.E. 2001] 

(a) 3 □ (b) 6 □ 

(c) 4 □ (d) 5 □ 

62. Which of the following organometallic compounds is o and 

7t bonded? [C.B.S.E. 2001] 

(a) [Fen^CsHjfd □ (b) [Ra 3 (T 1 ^^ 2 H 4 )] □ 

(c) [CofCOfsNHs]^^ □ (d) [A 1 (CH 3 ) 3 ] □ 

63. Which statement is incorrect? —[e;B;S.E. 200F]- 

-■r:::r-:-::-:(-a)-Ni(C©) 4 —Tetoah-edrairparamagnetic”---'""'-”^ 


(b) [Ni(CN) 4 ] " —Square planar, diamagnetic □ 

(c) [Ni(CO) 4 ]—-Tetrahedral, diamagnetic i, □ 

(d) [NiCl 4 ]^”—Tetrahedml, paramagnetic □ 

64. Which of the following cannot show linkage isomerism? 

[D.CE. 200rr 

(a) NC^ □ (b) □ 

(c) CN™ □ (d) NH 3 □ 

65. Consider the following complex; 

[Co(NH3)5C03]a04 

the coordination number, oxidation number, number of d 
electrons and number of unpaired d electrons on the metal 
are respectively: [S.C.R.A. 2001] 

(a) 6 ,3,6,0 □ (b) 7,2,7,1 □ 

(c) 7,1,6,4 □ (d)6,2,7,3 □ 

66 . In electroplating of copper, K [Ag(CN) 2 ] is used instead of 

AgN 03 . The le^on is: [C,B.S.E. 2002] 

(a) a thin layer of Ag is formed on Cu □ 

(b) moie voltage is r^uired □ 

(c) Ag"^ ions are completely removed from solution □ 

(d) less availability of Ag”^ ions, as Cu cannot displace Ag 

from [Ag(CN) 2 ]“ ion □ 

67. Both geometrical and optical isomerisms are shown by: 

[C.E.T (Chandigarh) 2002] 
(a) [Co(en) 2 a 2 ]^ □ (b) [CofNHjfsai^^ □ 


(c) [Co(NH3)4a2]^ 


68. In [Cr(C 204 ) 3 ]^, the isomerism shown is : 

[A.I.E.E.E. 2002] 

(a) ligand □ (b) optical □ 

(c) geometrical □ (d) ionisation □ 

69. Atomic numbers of Cr and Fe are respectively 25 and 26, 
which of the following is paramagnetic with spin of electron? 

[C.B.aE. 2002 ] 

(a) Cr(CO)6 □ (b) [Fe(CO) 5 ] □ 

(c) [Fe(CN)6]^ □ (d) [Cr(NH 3 )d^ □ 

70. The hypothetical complex chlorodiaquatriammine cobalt (III) 

chloride can be represented as : [C.B.S.E. 2002] 


□ (d)[ClOX3]- 


, 3 - 
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(a) [Coa(NH 3 ) 3 (H 20 ) 2 ]Cl 2 □ 

(b) [Co(NH3)3H20Cl3] □ 

(c) [Co(NH 3 ) 3 (H 20 )a] □ (d) [Co(NH 3 ) 3 (H 20 ) 3 a 3 ] □ 

71. The type of isomerism present in nitropentaammine 

chromium (m) chloride is: [A.LEXE. 2002] 

(a) optical □ (b) linkage □ 

(c) ionisation □ (d) polymerisation □ 

72. Developn^nt of a photographic plate involves the use of: 

[RMX (Kerala) 2003] 
(a) an oxidising agent □ (b) a complexing agent □ 

(c) a neutralising agent □ (d) a precipitating agent □ 

(e) a reducing agent □ 

73. In the coordination compound K 4 [Ni(CN) 4 ], the oxidation 

state of nickel is: [A.I.E.E,E. 2003] 

(a)-l □ (b )0 □ 

(c) + 1 □ (d) + 2 □ 

74 0ne mole of the complex conTpound“Co(NH 3 ) 5 Cr 3 rgives 3 
T --molesrofdonron-dissolutionFin^ateipCne moie-of the~s^^ 
complex reacts with two moles of AgN 03 solution to yield 
two moles of AgCl( 5 ). The structure of the complex is: 

[A.LE.EJi:. 2003] 

(a) [Co(NH 3 ) 5 a]a 2 □ 

(b) [Co(NH3)3a3].2NH3. □ 

(c) [Co(NH 3 ) 402 ] C1‘NH3 CD 

(d) [Co(NH 3 ) 4 a]a 2 *NH 3 □ 

75. Among the following, which is not the 7 C-bonded organo- 

metallic compound? [C»B.S Jl. (Medical) 2003] 


(a) (CH 3 ) 4 Sn 


□ (b) Cr(Ti^^C 6 H 6)2 □ 

(c) Fe(Ti‘^~C 5 H 5)2 □ (d) K[RCl 3 (r^C 2 H 4 )] □ 

76, According to the RJPAC nomenclature, sodium nitropmsside 

is named as: [C.B.S.E. (Medical) 2003| 

(a) sodium nitro-ferrocyanide □ 

(b) sodium pentocyanonitrosyl ferrate ( 11 ) □ 

(c) sodium nitroferricyanide □ 

(d) sodium pentacyanonitrosyl ferrate (IH) □ 

77, The number of unpaired electrons in the complex ion [CoF 5 ]^ 

is: [C.B.S.E. (Medical) 2003] 

(a) 3 ' □ (b), 4 □ 

(c) 0 □ (d) 2 □ 

78, Which of the following octahedral complexes does not show 
geometrical isomerism (A and B are monodentate ligands)? 

[C.B.S.E. (Medical) 2003] 

(a) [M A 3 B 3 ] □ (b) [M 44 B 2 ] □ 

(c)[MA5fi] □ (d)[A4A2B4] □ 

79 geometry of [Ni(CN) 4 ]^ and [NiCm^ ions are: 

[A,EM,C. 2003] 

(a) tetrahedral □ 

(b) square planar □ 

(c) square planar, tetrahedral respectively □ 

(d) tetrahedral and square planar respectively □ 

80. Complexes with bidentate ligands are called: 

[Pb. MJE.T. 2003] 

(a) ligands □ (b) chelates □ 

(c) complexes □ (d) none of these □ 


81. 


82. 


83. 


84. 


85. 


The complex used as an anticancer agent is: 

[AJ.LM.S. 2003; 2007] 


(a) m^r-[Co(NH 3 ) 3 a 3 ] □ 

(c) d 5 -K 2 [PtCl 2 Br 2 ] □ 

The ligand called 7i~acid is: 
(a) CO □ 

(c) CjCi □ 


(b) OT-[PtCl2(NH3)2] □ 

(d) Na 2 [CoCl 4 ] □ 

[A.LLM.S. 2003] 
(b) NH 3 . □ 

(d) ethylene diamine □ 


The effective atomic number of cobalt in the complex 

[Co(NH 3 )g]^^ is: [P.E.T. (M.P,) 2003] 

(a) 36 □ (b) 33 □ 

(c) 34 □ (d) M . □ 

The possible number of optical isomers in [Co(en) 2 Cl 2 ]^ are; 

[P.E.T. (M.P.) 2W3] 

(a) 2 □ (b) 3 □ 

(c) 4 □ (d) 6 □ 

Mixtare of (X) = 0.02 mole of [QjCNHs^SO^Br and 0.02 naol^ 
of [Cb(NH 3 ) 5 Brl S 04 was prepare ih ^^2 litrel)f solution; 


86 . 


1 liES^MMxture “' 

1 litre of mixture [X] + excess BaQ 2 - > [Z] 

No. of moles of [F] and [Z] are: [LI.T. (S) 2003] 

(a) 0 . 01 , 0.01 □ (b) 0 . 02 , 0.01 □ 

(c) 0 . 01 , 0.02 □ (d) 0 . 02 , 0.02 □ 

In the process of extraction of gold, . 

Roasted gold ore + CN” + H 2 O- > [X] + OH” 

[X]+Zn- >m+Au 

Identify [X] and [F]: [I.I.T. (S) 2003] 


(a) 

(b) [X] = 


[Au(CN)2]",[Fl = [Zn(CN) 4 ] 


2 - 


:[Au(CN) 4 ]^[F] = 


:[Zn(CN)4]" 


(c) [X] = [Au(CN) 2 ]” [F] = [Zn(CN) 6 ]^ 


87. 


2 + 


(a) Cu 

T.2+ 


88 . 


89. 


90. 


□ 
□ 
□ 

(d) [X] = [Au(CN) 4 r, [Y] = [Zn(CN) 6 ]^ □ 

Which of the following forms with an excess of CIST, a 
complex having coordination number two? 

[A.I.I.M.S. 2004] 

□ (b) Ag^ □ 

(c) Ni^ □ (d) Fe 2 + □ 

Which of the following is not considered as an organo- 
metallic compound? [A.LLM.S. 2004] 

(a) Ferrocene □ (b) C^s-platin 0 

(c) Zeise’s salt □ (d) Grignard reagent □ 

Which of the following does not have optical isomer? 

[AJJ.M.S, 2004] 

(a) [Co(en) 3 ]Cl 3 □ (b) [Co(NH 3 ) 3 a 3 ] □ 

(c). [Co(en) 2 a 2 ]a □ (d) [Co(en)CNH 3 ) 2 a 2 ]Cl □ 

Which of the following is considered to be an anticancer 


species? 


(a) 


[C.B.SJB. (PJM.T,) 2004] 



(c) 


H 3 N 

HsN- 


\ ^1 
>Pt< 

K 


□ (b) 


□ (d) 


k 

,><C1 


■H 3 N 

Cl 


1 ^ ^NHa 


□ 


□ 
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91. Among [Ni(CO) 4 ], [Ni(CN) 4 ]^" and [NiCm^" species, the 
hybridization states of the Ni-atom are respectively: 

[C.B.S.E. (P.M.T.) 2004] 
(a) sp^, ds^y dsp^ □ (b) sp^y dsp^y sp^ □ 

(c) Sp^y SP ydsp ■ □ (d) dsp^y Sp^y Sp^ □ 

92. Considering H 2 O as a weak-field ligand, the number of 
unpaired electrons in [Mn(H 20 ) 6 ]^''' will be: 

[C.B.S.E. (P.M.T.) 2004] 
(a) three □ (b) five □ 

(c) two □ (d) four □ 

93. Which of the following does not have a metal carbon bond? 

(a) A 1 ( 0 C 2 H 5)3 □ ^ (b) C 2 H 5 MgBr □ 

(c) K[R(C2H4)a3] □ (d) Ni(CO)4 □ 

94. The correct order of magnetic moments is: [A.I.E.E.E. 2004] 

(a) [MnCl 4 ]^“>[CoCl 4 ]^“> [Fe(CN)6]'^ □ 

(b) [MnCl4]^“>[Fe(CN)6]'^> [CoCl4]^“ □ 

(c) lPe(eN)6]'‘~>|^ •- □ 

95. Coordination compounds have great importance in biological 

systems. In this context which of the following statements 
is incorrect? [A.I.E.E.E. 2004] 

(a) Chlorophyll is a green pigment in plants and contains 

calcium □ . 

(b) Haemoglobin is the red pigment of blood and contains 

iron □ 

(c) Cyanocobalamin is Bi 2 and contains cobalt □ 

(d) Carboxypeptidase A is an enzyme and contains zinc □ 

96. Which one of the following complexes is an outer orbital 

complex? [A.LE,E.E 2004] 

(a) [Fe(CN)6]^' □ (b) [Mn(CN)6]^- □ 

(c) [Co(NH 3)6]^^ □ (d) [Ni(NH3)6]^^ □ 

97. Which one is an organometallic compound? 


[M.P. (P.E.T.) 2004] 


(a) Lithium acetate □ 

(b) Lithium methoxide □ 

(c) Lithium dirndthylamide □ 

(d) Methyl lithium □ 

98. The species having tetrahedral shape is: [l.I.T. 2004; 


A.I.LM.S. 2007] 


(a) [PdCl4]^“ □ (b) [Ni(CN)4]^“ □ 

(c) [Pd(CN)4]^“ □ (d) [NiCl4]^“ □ 

99. Which one of the following complexes will have four 
isomers? 

(a) .[Co(en)(NH3)2a2]Cl □ 

(b) [Co(PPh3)2(NH3)2Cl2]Cl □ 

(c) [Co(en)3]Cl3 O 

(d) [Co(en)2a2]Br . □ 

100. Which of the following shall form an octahedral complex? 

(a) d^ (low spin) □ (b) (high spin) □ 

(c) d^ (low spin) □ (d) All of these □ 


101. Which of the following has a square planar geometry? 


(a) [PtCy^- 
(c) \FeC\ 4 f- 


[A.I.E.E.E. 20071 

□ (b) [GoCU]^- □ 

□ (d) [NiCl4]2- □ 


102. Which of the following will give a pair of enantiomorphs? 

[C.B.S.E. 2007] 

(a)‘[Cr(NH3)6][Co(CN)6] □ (b) [Co(en) 2 a 2 ]q □ 

(c) [Pt(NH3)4][PlCy □ (d) [Co(NH3)4Cl2]N02 □ 

103. The d electron configurations of Cr^''', Mn^'*‘, Fe^**" and Ni^'*' 

are 3d'^y 3d^y 3d^y 3d^ respectively. Which of the following 
aqua complexes wlQ exhibit the minimum parairiagnetic 
behaviour? [C,B.S.E. 2007] 

(a) [Fe(H 20 ) 6 ]^-" □ (b) [Ni(H 20 ) 6 ] 2 + □ 

(c) [Cr(H 20 ) 6 ]^^ □ (d) [Mn(H 20 ) 6 ]^^ □ 

104. Which of the following statements is not correct? 


[P.E.T. (Kerala) 2007] 

(a) The complexes [NiCy^’ and [Ni(CN) 4 ]^" differ in state 

of hybridization of nickel □ 

(b) The complexes [NiCy^” and [Ni(CN) 4 ]^“ differ in 

geometry □ 

(c) The complexes [NiCy^” and [Ni(GN) 4 ]^" differ 

-rnagneticTiproperties^zz^Trzrrzz—- _ — _□_ 

(d) The complexes [NiC^]^" and [Ni(CN) 4 ]^“ differ in primary 

valencies of nickel □ 

(e) Nickel ion has the same secondary valency in the 

complexes [NiCy^” and [Ni(CN) 4 ]^” □ 


105. Both Co^''' and Pt^''' have a coordination number of 6. Which— 
of the following pairs of complexes will show approximately 
the same electrical conductance for their 0.00lAf aqueous 


solutions? [P.E.T. (Kerala) 2007] 

(a) C 0 CI 34 NH 3 and PtCl 4 - 4 NH 3 □ 

(b) CoCl3-3NH3andPtCl4-5NH3 □ 

(c) CoCl 3 - 6 NH 3 and PtCU-SNHs □ 

(d) CoCl 3 - 6 NH 3 and PtCl 4 - 3 NH 3 □ 

(e) CoCl 3 - 5 NH 3 and PtCl 4 - 6 NH 3 □ 

106, Facial-meridional isomerism is associated with which one of 

the following complexes? [M = central metaj] 

[PJM.T. (Kerala) 2007] 
(a) [M.(AA) 2 ] □ (b) [MA 3 B 3 ] □ 

(c) [M(AA) 3 ] □ (d) [MABCD] □' 

(e) [MA 4 B 2 ] □ 


107. The increasing order of the crystal field sphtting power of 
some common hgands is: [P.M.T. (Kerala) 2007] 


(a) H 2 O < OH“ < Cr < F“ < CN‘ □ 

(b) H20<Cr<OH~<CN~<F^ □ 

(c) CN"<H 20 <OH~<F^<Cr □ 

(d) F~ < CN“ < OH“ < cr < H 2 O □ 

(e) cr < F^ < OH“ < H 2 O < CN~ □ 

108. Which one of the following is a tridentate ligand? 

[P.M.T. (Kerala) 2007] 
(a) NO 2 □ (b) Oxalate ion □ 

(c) Glycinate ion □ (d) Diene □ 

(e) EDTA □ 


109. The dark blue colour of the solution formed when excess of 
ammonia is added to a solution of copper(II) sulphate is due 
to the presence of the ion: fP.M.T (Kerala) 2007] 

□ 
□ 


(a) [Cu( 0H)4(H20)2] 
(c) [Cu(NH4)2(H20)4]' 


1 2+ 


2 + 


i4+ 


□ (b) [Cu(H20)6] 

□ (d) [Cu(NH3)2(H20)4]' 


2 + 
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(e) [Cu(NH 3 ) 4 (H 20 ) 2 ]^^ □ 

110. If AgN 03 solution is added in excess to IM solution of 

C 0 CI 3 XNH 3 , one mole of AgCl is formed. What is the value 
Ofx? [E,A.M.C.E.T. (Med.) 2007] 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

111. Assign the hybridization, shape and magnetic moment of 


K2[Gu(CN)4]: 

[J,EJ:. (Orissa) 2007] 

(a) tetrahedral, 1.73 B.M. 

□ 

(b) dsp^, square planar, 1.73 B.M. 

□ 

(c) 5 /?^, tetrahedral, 2.44 B.M. 

□ 

(d) dsp^, square planar, 2.44 B.M. 

□ 


112. Octahedral complex. 



is: [D.C.E. (Engg.) 2007] 


(a) cis □ (b) rrans □ 

(c) mer □ (d)^c □ 

113, Both [Ni(CO) 4 ] and [Ni{CN) 4 ]^”' are diamagnetic. The hybridi¬ 
sations of nickel in these complexes, respectively, are: 

. [LLT. IOOS] 

(a) sp^, □(b) sp^, dsp^ □ 

(c) dsp^, sp^ □ (d) dsp^, d$p^ □ 

114. The lUPAC name of [Ni(NH 3 ) 4 ] [NiC^] is: [LLT. 2008] 

(a) tetmchlorordckel(lI)-tetraamminemckel (H) □ 

(b) tetraamrninenickel (E[)-tetrachloronickel (H) □ 

(c) tetraamminenickel (n)-tetrachlorordckelate (II) □ 

(d) tetrachloronickel (Il)-tetraaniminenickelate (II) □ 


115. Which of the following complexes exhibits the highest 

paramagnetic behaviour? [C.B.S.E. 2(M)8] 

(a) [Co(OX) 2 (OH) 2 ]- □ (b) [Ti(NH 3 ) 6 ]^ □ 

(c) [V(gly) 2 (OH) 2 (NH 3 ) 2 fn (d) [Fe(en)(bpy)(NH 3 ) 2 ]^^ □ 

116. In which of the following coordination entities, the magnitude 
of Aq [CFSE in octahedral field] wiU be maximum? 


(a) d^sp^, octahedral, 4.9 B.M. □ 

(b) sp^d'^, octahedral, 4.9 B.M. □ 

(c) dsp , square planar, 4.9 B.M. □ 

(d) sp^, tetrahedral, 4.9 B.M. ^ □ 


[HHnt : The complex has 4 unpaired electrons as its magnetic 
moment is 4,9 B.M.] 

121. Both geometrical and optical isomerisms are shown by: 

[P.MX (Kerala) 2008] 


(a) dichloro bis (ethylenediamine) cobalt (HI) ion □ 

(b) pentaamminechloro cobalt (HT) ion □ 

(c) triaraminetrichloro cobalt (HI) ion □ 

(d) tetraamminedichloro cobalt (HI) ion □ 

(e) trioxalatochromate (IH) ion ‘ □ 


122. Geometry, hybridisation and magnetic moment of the ions 
[Ni(CN) 4 f ~ [MnBr 4 ]^" and [FeFe]^ respectively are : 

[J.E.E. (Orissa) 2008] 


- (a) teti^edral, square planar, octahedml: 

(b) tetrahedral, square planar, octahedral : 

s/, spV ; 0,5.9,4.9 □ 

(c) square planar, tetrahedral, octahedral: 

dsp^, tfsp^ : 5.9, 4.9,0 □ 

(d) square planar, tetrahedral, octahedral : 

jpV: 0,5.9,4.9 □ 

123. The reaction [Fe(CNS)6]^'’-^[FeFg]^ takes place with". 

[J.E.E. (Orissa) 2008] 

(a) decrease in magnetic moment □ 

(b) increase in magnetic moment □ 

(c) decrease in coordination number □ 

(d) increase in coordination number □ 


124, Which of the following can exhibit geometrical isomerism? 


(a) [MnBr 4 f™ 

(C) [P02*P(C2H5)3]2 

[Hint : Cl 

">Pt 


[J.E.E, (Orissa) 2008] 

□ (b) [Pt(NH3)3a]^ □ 

□ (d) [Fe(H 20 ) 5 N 0 S]^'^ □ 

Qv /Cl 


>Pt< 


[C.B.S.E. 2008; A.I.E.E.E. 2008] 
(a) [Co(CN) 6]^- □ (b) [Co(C 204 ) 3 f- □ 

(c) [Co(H 20 ) 6 ]^ □ (d) [CoCNHjld^^ □ 

117. The number of unpaired electrons calculated in [Co{NH 3 ) 6 ]^* 

and [CoFg]^' are : [V,I.T.E.E.E. 2008] 

(a) 4 and 4 □ (b) 0 and 2 □ 

(c) 2 and 4 □ (d) 0 and 4 □ 

118. The magnetic moment of a salt containing ion is : 

• [V.I.T.E.E.E.2008] 

(a) 0 □ (b) 1.87 □ 

(c) 5.92 □ (d) 2 □ 

119. The primary and secondary valencies of chromium in the 

complex ion, dichlorodioxalatochromium (HI), are respec¬ 
tively: [P.E.T. (Kerala) 2008] 

(a) 3,4 □ (b)4,3 □ 

(c) 3,6 □ (d) 6,3 □ 

120. Hybridisation, shape and magnetic moment of K 3 [Co(C 03 ) 3 ] 

is : 1J.E.E. (Orissa) 2008J 


(C2H5)3P^ >(C2H5)3 

(cis) 

(C2H5)3Pv /CK ^1 

q/ X(C2H5)3] 

(trans) 


125. In the complex with formula MQ 34 H 2 O, the coordination 
number of the metal M is six and there is no molecule of 
hydration in it. The volume of 0.1 M AgN 03 solution needoi 
to precipitate the free chloride ions in 200 mL of 0.01 M 
solution of the complex is: [EM.T (Kerala) 2008] 

(a) 40mL □ (b) 20mL □ 

(c) 60mL □ (d) 80mL □ 

(e) lOmL □ 

1 (Hint : The formula of the complex is [M(H20)4O2]CL 
0.1 X T = 0.01 X 2(X} 

V^20] 
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126. Out of TiFg , CoF|”, CU2Q2 and NiCll", the colourless 


species are : 

(a) CuaGaandNiCll" 
(c) CoF|“ and NiCll^ 


[C.B.S.E. (EM.T.) m9] 

□ (b) TiF|" and CujClj □ 

□ (d) TiF|^ and CoF|' □ 

[Hint : In TiF|", ; 3d°, colourless; In CoFI", Co^ : 3<i* 

coloured; In CU 2 CI 2 , Cu’*’ : 3d^®, colourless; In NiCll^, 

. : 3d®, coloured.] 

127. Which of the following does not show optical isomerism? 

[CB.S.E. (RM.T.) 2009] 

(a) [Co{NH3)3a3] □ (b) [Co(en)Cl2(NH3)2]^ □ 

(c) mmhf* □ (d) [Co(en) 2 Cl 2 ]^ □ 

128. Which of the following complex ion is expected to absorb 

visible light? [C.B,S.E. (P,M.T,) 2009] 

(a) rri(en)2(NH3)2]^ □ (b) [CrfNHale]^^ □ 

(c) [ZnCNHa)^^ ^ □. (dU&CHaQIaCNHsIsl^ □ 

4^9. JPhe xpmppimd(s)- th^-e^bit(s)--ge^^ 

is(are): . .. . . 

(a) [Pt(en)a 2 ] □ (b) [Pt(en) 2 ]Cl 2 □ 

(c) [Pt(en) 2 a 2 ]a 2 □ (d) mm3)^2l □ 

130. Which of the following has an optical isomer? 

[AJ.E*E.1L20I^] 

(a) [Co(NH 3 ) 3 af □ (b) [Co(en)(NH 3 ) 2 f-" 


(c) [Co(H 20 ) 4 (en)]^ □ (d) [Co(en)2(NH3)2]'" □ 

131. Which of the following pairs represent linkage isomers? 

lAJLE.EM,2m] 

(a) [Cu(NH 3 ) 4 ][PtCl 4 ] and [Pt(NH 3 ) 4 ][CuCl 4 ] □ 

(b) [Pd(PPh3)2(NCS)2]andtPd(PPh3)2(SCN)2] □ 

(c) [Co{NH 3 ) 5 (N 03 )]S 04 and[Co(NH 3 ) 5 (S 04 )]N 03 □ 

(d) [PCl2(NH3)4]Br2and [PtBr2(NH3)4]a2 □ 

132. In Cu-anunonia complex, the state of hybridisation of Cu^"^ 

is: IJ.E.E. (WB) 2M9] 

(a) 5 / ^ □ (b) d^s □ 

(c) sp^f □ (d)ds/ □ 

133. The oxidation state of iron in the brown ring complex 

[Fe(H 20 ) 5 N 0 ]S 04 is: [CE.T. (Karnataka) 2009] 

(a) 0 □ (b)+2 □ 

(c)+l □ (d)+3 □ 

134. Which one of the following has an optical isomer? 

[A.LE.E.E.2010] 


i3+ 


(a) [Zn(en)2]' 


2-f 


□ (b) [Zn(en)(NH3)2f □ 
(c) [Co(en)3]3* □ (d) [Co(H20)4(en)]^^ □ 

135. A solution contains 2.675 g of CoCl3-6NH3 (molar mass 
= 267.5 g moF^) is passed through a cation exch^ger. Tlie 
chloride ions obtained in solution were treated with excess 
of AgN03 to give 4.78 g of AgCL The formula of the complex 
is: [AJJ:JEJ;.2010] 


(a) [Coa(NH3)5]a2 
(c) [Co(NH3)4a2]a 


□ (b) [Co{NH3)6]a3 

□ (d) [comshcxsi 


□ 

□ 


[Hint : Number of moles of complex 
Numto of moles of AgCl 


2.675 
‘ 2673' 


= 0.01 


4.78 

1433 


= 0.03 


This shows that three CF ions are ionisable in the 
complex.] 

136. Which one of the foUowing complexes is not exj^cted to 

exhibit isomerism? IC3J&JL (EM,T4 2010] 

(a) [Ni(NH3)4(H20)2]^^ □ (b) [Pt(NH3)2Cl2] □ 

(c) [Ni(NH3)2Cl2] □ (d) [Ni(en)3f"' □ 

137. The ionization isomer of [Cr(H20)4ClN02]Cl is: [LLT. 2010] 

(a) [Ci<H20)4N02]a2 □ (b) [CitH20)4Cl2]N02 □ 

(c) [Crai20)4a(ONO)]a □ (d) [Ci(H20)4a2N02]H20 □ 

138. The complex showing a spin-only magnetic moment of 2.82 

B.Mis: [LLT. 201 0] 

(a) Ni(CO)4 " □ (b) [NiCl4p.□ 


(c) Ni(PPh3)4 




□ 

[Hint : Ni undergoes sp -hybridization and there are two 
unpaired electrons in 34-orbital in dm complex [NiC^]^' 
as chlorine is a weak ligand.] 

139. Which of the following complex ions is not expected to 
absorb visible light? (PM.T.) 201Br 

(a) [M(CN)4f" □ (h) [Cr(NH3)6]^ □ 


(c) [Fe(H20)6]^^ □ (d) [Ni(H20)d 

140. Which of the foUowing is an outer orbital complex ? 

[A.M.U.(Eiigg.)2010] 
(a) [Cr(NH3)6]^ □ (b) [NilNHa)^^-^ □ 


i2+ 


□ 


(c) [Fe(CN)6]^ □ (d) [Mn(CN)6r □ 

7+ 

141. Which complex of Co will have the weakest crystal field 
splitting? (Engg.) 2010] 




(a) [Co(CN)6]‘ 




□ (b) [CoC%]‘^ □ 

(c) [Co(en) 3 ]"" □ (d) [Co(H 20 ) 6 ]^* □ 

142. Which among the following statements are true for the 

complex, [Co(NH3)6][Cr(CN)6] ? [P.E.T. (Kerala) 2010] 

1. It is a non electrolyte. 

2. The magnitude of die charge on each complex ion is 3, 

3. The complex will not conduct current. 

4. The complex will exhibit coordination isomerism. 

5. The magnitude of the charge on each complex ion is 1. 

[EE.X (Kerala) 2010] 
(a) 1 and 4 □ (b) 1 and 2 □ 

(c) 1 and 3 □ (d) 3 and 5 □ 

(e) 2 and 4 □ 

143, An example of ambidentate ligand is [RE.T. (Kerala) 2010] 

(a) Ammine □ (b) Aquo □ 

(c) ChloFo □ (d) Oxalato □ 

(e) Thiocyanato □ 


i2+ 
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1. (b) 

2 . (c) 

3. (c) 

4 . (d) 

5 . (a) 

6. (a) 

7. (d). 

8. (b) 

9. 

(a) 

10. 

(b) 

11. (d) 

12. (d) 

13. (c) 

14. (c) 

15. (a) 

16. (b) 

17. (d) 

18." (d) 

19. 

(a) 

20. 

(d) 

21. (c) 

22. .(c) 

23. (b) 

24. (b) 

25. (b) 

26. (c) 

27. (a) 

28. (d) 

29. 

(C) 

30. 

(b) 

31. (b) 

32. (b) 

33. (c) 

34. (c) 

35 . (c) 

36. (a) 

37. (a) 

3S. (d) 

39. 

(d) 

40. 

(a) 

41. (d) 

42. (a) 

43. (d) 

44. (b) 

45. (d) 

46. (b) 

47 . (c) 

48. (c)and(d) 

49. 

(a) 

50. 

(a) 

51. (b) 

52. (b) 

53. (c) 

54. (b) 

55. (c) 

56. (b) 

57. (a) 

58. (b) 

59. 

(a) 

60. 

(d) 

61. (b) 

62. (b) 

63. (a) 

64. (d) 

65. (a) 

66. (d) 

67. (a) 

68. (b) 

69. 

(d) 

70. 

(a) 

71. (b) 

72. (b) 

73. (b) 

74. (a) 

75. (a) 

76. (b) 

77. (b) 

78. (c) 

79. 

(c) 

m. 

(b) 

81. (b) 

82. (a) 

83. (a) 

84. (b) 

85. (a) 

86. (a) 

87. (b) 

88. (b) 

89. 

(b) 

90. 

(c) 

91. (b) 

92. (b) 

93. (a) 

94. (a) 

95. (a) 

96. (d) , 

97. (d) 

98. (d) 

99. 

(d) 

100 . 

(d) 

101. (a) 

102. (b) 

103. (b) 

104. (d) 

105. (c) 

106. (b) 

107. (e) 

108. (d) 

109. 

(e) 

110 . 

(d) 

m. (b) 

112. (d) 

113. (b) 

114. (c) 

115. (d) 

116. (a) 

117. (d) 

118. (a) 

119. 

(c) 

120 . 

(b) 


122. (d) 

123. (b) 

124. (c) 

125. (b) 

126. (b) 

127. (a) 

128. (b) 

129. 

(c, d) 130. 

(d) 

131. (b) 
141. (b) 

132. (d) 

. 142. (e) 

133. (c) 
143. (e) 

134. (c) 

135. (b) 

~T36ric7~' 

-t37rtbK“ 

- 


—(a)—- 

J40_ 




1. The coordination number and oxidation number of M in the 
complex, [M(NH 3 ) 5 S 04 ]Claie: 

(a) 10,3 (b) 6,4 (c) 2,6 (d) 6,3 

2. CuS 04 * 5 H 20 is a coordination compound. It can be 
represented as: 

(a) [Cu(H 20 ) 4 ]S 04 .H 20 (b) [Cu(H 20 ) 3 ]S 04 « 2 H 20 

(c) [Cu(H 20 ) 2 ]S 04 . 3 H 20 (d) [Cu(H 20 ) 5 ]S 04 

3. The complex/complex ion, which shows optical activity is: 

(a) [Cm20)4Cl2f (b) [Co(H 20 ) 2 (NH 3 ) 2 a 2 ]^ 

(c) [Co(NH 3)6]^^ (d) [Q)(CN) 5 Nq 

[Hint : 



The above splitting of ^i-orbitals takes place in the formation 
of: 

(a) tetrahedral complexes 

(b) square-planar complexes 


(c) octahedral complexes 

(d) both tetrahedral and square-planar complexes 

5. Which of the following pairs of complexes are isomeric with 
each other but their aqueous solutions exhibit different mol^ 
conductivities? 

(a) |]Ptf^l 2 {NH 3 ) 4 ] Br 2 and [Pt(NH 3 ) 4 Br 2 ] CI 2 

(b) [Co(NH 3 ) 4 Cl 2 ]N 02 and [Co(NH 3 ) 4 CIN 02 ] Cl 

(c) [Co(NH 3 ) 5 NQ 2 ]Cl 2 and [Co(NH 3 ) 50 NO] CI 2 

(d) [Co(NH 3 ) 5 Br]S 04 and [€ 00 ^ 3 ) 5804 ] Br 

[Hint : They are ionisation isomers but ihek molar conductivities 
are different due to different magnitude of charge on the 
cation and anion,] 

6 . Three arrangements are shown for the complex, 
[Co(en)(NH 3 ) 2 Br 2 ]"^. Which one is the wrong statement? 


Br Br Br 



(a) I and 11 are geometric^ isomers 

(b) n and III are optical isomers 

(c) I and in are optical isomers 

(d) n and HI are geometrical isomers 

7. The donor sites of EDTA ligand are : 

(a) O atoms only 

(b) N atoms only 

(c) two N atoms and four O atoms 

(d) three N atoms and three O atoms 


V 
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[Hint : The structure of EDTA ion is : 



1, 2 are donor N atoms and 3, 4,. 5, 6 are donor O atoms.] 

8 . Which of the following can act as ligand but does not have 
any lone or unshared pair of electrons? 

(a) C 2 H 4 (b) NH 3 

(c) H 2 O (d) cr 

[Hint : C 2 H 4 does, not possess an unshared lone pair but it can 
act as K-acid ligand.] 

9. A complex is prepared by mixing C 0 CI 3 and NH 3 . 0.1 M 
solution-offhe^Gc«npl^;c^^s-fottndrteTFeezeat*-07372^G7^Fhe- 
formula of the complex is : 

[Molal depression constant of water = 1.86°C/m] 

(a) [Co(NH 3 ) 6 ]Cl 3 (b) [Co(NH3)5Cl]a2 

(C) [Co(NH3)4a2]a (d).[Co(NH3)3a3] 

[Hint : ISTj = i x KfX m = i x 1.86 x 0.1 

or 0.372 = 0.186 X/ 

or i = 2 

This shows that the complex gives two ions in solution. 
Thus, the formula of the complex is [Co(NH 3 ) 4 Q 2 ]Cl. 

■ [Co(NH 3 ) 4 Cl 2 ] Cl ^ [Co(NH 3 ) 4 Cl 2 ]-" + cr ] 

10. Which statement is wrong ? 

(a) All the octahedral complexes of Ni^'^ are outer orbital 
complexes 

(b) (SCN)“ shows linkage isomerism in coordination 
compounds 

(c) All ligands are Lewis bases 

(d) NH| ion can act as a ligand 

[Hint : NH 4 ion does not act as ligand because nitrogen atom has 
no lone pair of electrons which it can donate to metal 
atom.] 

11. Which of the following is correct ? 

(a) The lUPAC name of Mn 3 (CO)i 2 is dodecacarbonyl tri- 
manganese ( 0 ) 

(b) The lUPAC name of K[BF 4 ] is tetrafluoroboron 
potassium (I) 

(c) The lUPAC name of K 3 [A 1 (C 204 ) 3 ] is potassium trioxalate 
aluminium (III) 

(d) The lUPAC name of K 4 [Fe(CN) 6 ] is potassium ferro- 
cyanide 

12. Which of the following is not correct ? 

(a) [Fe(CN) 6 ]^ is weakly paramagnetic 

(b) [Fe(CN) 6 ]'^ is strongly paramagnetic 

(c) [Ni(CN) 4 ]^” is diamagnetic 

(d) [NiCU]^" is paramagnetic 

[Hint : [FeCCN)^]^ involves d^sp^ hybridization. As CN~ is a 
strong hgand, the pairing of electrons occurs, thus, it is a 
diamagnetic ion. 
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3d 4s ■ 4p 

c 2+ 

Fe 

[Fe(CN)6]^ 

2 3 

d sp hybridization 
All orbitals are doubly occupied.] 

13. The number of geometrical isomers of [Co(NH 3 ) 3 (N 03 ) 3 ] are: 
(a) 0 (b) 2 

(c) 3 (d) 4 

[Hint : 



C/s-form Trans-form 

14. The complex ion which has no d electron in the central metal 
atom is : [At. No. Cr = 24, Mn = 25, Fe = 26, Co = 27] 

(a) Mn 04 “ (b) 

(c) [Fe(CN)6]^ (d) [CitH 20 ) 6 ]^^ 

15. In [Cr(C 204 ) 3 ] , the isomerism shown is : 

(a) ligand (b) geometrical 

(c) optical (d) ionisation 

16. [Fe(H 20 ) 6 ]^'' and [Fe(CN)6]'^ differ in: 

(a) geometry, magnetic moment 

(b) magnetic moment, colour 

(c) geometry, hybridization 

(d) hybridization, number of unpaired electrons 

[Hint : [Fe(H20)6]^'^ is paramagnetic while' [FeCCN)^]^ is dia¬ 
magnetic. [Fe(H20)5]^'^ has pale green colour while 
[Fe.(CN)5]^ has yellow colour.] 

17. Complexes formed in the following methods are : 

(i) cyanide process for extraction of silver 

(ii) Mond’s process for extraction of nickel 

(iii) photographic fixing process 

(iv) removal of Ca^"^ ions from hard water by EDTA. 


I 

n 

m 

IV 

(a) [Ag(I'IH 3 ) 2 ]Cl 

Ni(CO)4 

[Ag(CN)2]“ 

[Ca(EDTA)]^“ 

(b) [Ag(aN)2J- 

Ni(CO)4 

[Ag(S203)2]^ 

[Ca(EDTA)]^“ 

(c) [Ag(CN) 2 r 

Ni(CO)6 

[Ag(S203)2]^ 

[CafEDTA)]'^ 

(d) [Ag(CN)4]^- 

NiO 

[Ag(S 203 )]- 

[Ca(EDTA)]^" 


18. Which of the following statements is not correct ? 

(a) Higher the charge density on the central ion, the greater 
is the stability of its complexes 

(b) Chelating ligands form more stable complexes as 
compared to monodentate ligands 

(c) The higher the oxidation state of the metal, the more stable 
is the complex 

(d) The cyano and ammine complexes are less stable than 
those formed by halide ions 



_L 

T 

Ll 



FrT 

In' 

0 

0 


0 
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19. Match the correct organic ligands used for the estimation of 

(ii) 1,10“phenanthroline 


20 . 


21 . 


and ions, 
(i) Dimethyl glyoxime 
(iii) 8-hydroxy quinoline 


803 

23. [CoCNH 3)4(N02)2]C1 exhibits: 

(a) ionisation isomerism, geometrical isomerism and optical 
isomerism 

(b) linkage isomerism, geometrical isomerism and optical 


(D 

(ID 

(HD 

isomerism 


Fe^^ 


(c) linkage isomerism, ionisation isomerism and optical 



Al^'" 

isommsm 


Fe'" 

Al'" 

(d) linkage isomerism, geometrical isomerism and ionisation 



■ 

isomerism 


(a) 

(b) 

(c) 

(d) 

The BAN of a metal carbonyl, M(CO)x is 36. The atomic 
number of metal is 24. The value of jc is : 

(a) 6 (b) 5 

(c)4 (d) 3 

[Hint : BAN = 36 = 2 x ^ + 24] 

M —L bonds in carbonyl possess : 

-fa)-mily-sigmar^h^actei:___ 

(b) only pi(7c) character 

(c) both sigma (a) and pi (tc) characters 

(d) none of the above : - 

22. The number of possible isomers of an octahedral complex, 
[Co{C204)2(NH3)2]“is: 

(a) 1 (b) 2 

(c) 3 (d) 4 

[Hint : 



Mirror 




ox 


[Hint : (i) NO 2 is an ambidentate group. It can show linkage 
isomerism. 

(ii) The complex can show ionisation isomerism with the 
complex [Co(NH 3 ) 4 N 02 CI] NO 2 . 

(iii) The complex shows geometrical isomerism. 



- 


HaN 



HoN 


HO2 

Trans-isomer 


24. When excess of ammonia is added to copf^r sulphate 
solution, the deep blue coloured complex is formed. The 
complex is: 

(a) tetrahedral, paramagnetic 

(b) tetrahedml, diamagnetic 

(c) square planar, diamagnetic 

(d) square planar, paramagnetic 

[Hint : [Cu(NH 3 ) 4 ]^'^ complex is formed by dsp^ hybridization 
and one electron is shifted to 4/?-orbital. 




3d 


4s 

4p 



Ti 

Ti 

Ti 

[n n in 

Ti 

T 

V _ ___ f 


dsp^ (square planar)] 



1. (d) 2. (a) 3. (b) 4. (c) 5. (d) 6. (b) 7. (c) 8. (a) 9. (c) 10. (d) 11. (a) 12. (b) 

13, (b) 14. (a) 15. (c) 16. (b) 17, (b) 18. (d) 19, (c) 20, (a) 21. (c) 22. (c) 23. (d) 24. (d) 
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for I IT Aspirants 


Match LisM with List-II: 

List-I Lfet-n 

(a) [MnClg]^"" (p) One unpaired electron 

(b) [Fe(CN)6]3- (q) 

(c) [CoFft]^- (r) sp^d^ 

(d) [Fe(H20)g]^’^ (s) Four unpaired electrons 

Match the complexes in the List-I with their coordination number 
in the List~II; ^ 

LIst-I List-n 

(a) [Co(en)3]3+ (p) 6 

(b) fCa(EDTA)]^- (q) 4 

(c) [Ni(CO) 4 ] (r) 2 

_.(dL[Ag(NH3.X2-]CL--(s)-4- 

. (e) [Fe(CO) 5 ]. .. 

Match the hybridization in List-I with its inference in complex 
compounds List-II: 


(c) sp^d^ 

(d) d^sp^ 


(p) Octahedral 

(q) Tetrahedral 

(r) Linear 

(s) Do not show geometrical 


Match the complexes in List-I with their stereoproperties in 
List-II: 


(a) [CoCl 3 (NH 3 ) 3 ] 

(b) [Cr(OX)3j3- 

(c) [CrClzCOXlj] 

(d) [RhCl3(Py)3] 


(p) Show facial form 

(q) Cis form is optically active 

(r) Trans form is optically inactive 

(s) Show meridian form 


10. Match the complexes in List-I with their properties hsted in 
List-II: [LIT. 2007] 


(a) [Co(NH3)4(H20)2]Cl2 (p) Geometrical isomers 

(b) [Pt(NH 3 ) 2 Cl 2 ] (q) Paramagnetic 

(c) [Co(H20 )5C1]C1 (r) Diamagnetic 

(d) [Ni(H20)5]Cl2 (s) Metal ion with +2 oxidation state 


6. 

(a-p, q) 

(b-P. q) 

(c-r, s) 

(d-r, s) 

7. 

(a-p) 

(b-p) 

(c-q) 

(d-r) 

8. 

(a-r, s) 

(b-q, s) 

(c-p) 

(d-p) 

9. 

(a-p, s) 

(b-q, r) 

(c-q, r) 

(d-p, s) 

10. 

(a-p, q. 

s) (b-p, r, s) 

(c-q, s) 

(d-q, s) 
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Coordination Compounds and Organometallics 

I Assertion-Reason Type Questions 


The questions given below consist of Assertion (A) and 
Reason (R), Use the following key to select the correct answer: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 

(e) If (A) is incorrect but (R) is correct. 

1. (A) [Co(NH 3 ) 3 Cl 3 ] does not give a white precipitate with 

-AgN Q 3 solutio n._____ ___ 

(R) Chlorine is not present in the ionising sphere^^ 

2. (A) Hie iigandsV~^fliibcy^ato (SChO and isothiocyanato 

(NCS”) are ambidentate. 

(R) The ligands form linkage isomers, 

3. (A) Ni(CO )4 is diamagnetic in nature. 

(R) Ni-atom undergoes sp^ hybridization. 

4* (A) Cw-isomer of [Co(en) 2 Cl 2 ]Cl shows optical activity. 

(R) Ci^-isomer of [Co(en) 2 Cl 2 ]Cl is a symmetric molecule. 

5. (A) Complexes containing three bidentate groups such as 

[Cr(ox) 3 ]^ and [Co(en) 3 ]^'*' do not show optical activity. 
(R) Octahedral complex, [Co(NH 3 ) 4 Cl 2 ]Cl shows geometrical 
isomerism, 

6. (A) Tetrahedral complexes do not show geometrical iso¬ 

merism. 

(R) The relative positions of the ligands in the tetrahedral 
complex are the same w.r.t. each other. 

7. (A) Ti(OC 5 H 5)4 is an organometallic compound. 

(R) Acetate ion can form a chelate. 

8. (A) BAN of Cr in its complexes is always 36, 

(R) Oxidation state of Cr in Cr(CO)6 is zero. 

9. (A) K 3 [Fe(CN) 5 ] is a low spin complex. 

(R) Fe^’*' ion in this complex undergoes sp^(f hybridization, 
10* (A) Coordination isomerism occurs when both cation and 
anion are complex. 

(R) The complexes with coordination number 6 fprm 
octahedral complexes involving either sp^<f or sp^ 
hybridization. 


11* (A) Metals possess two types of valencies-primaiy and 
secondary. The primary valency is not ionisable while 
secondary valency is ionisable. 

(R) The lUPAC name of K 3 [Fe(CN) 5 ] is potassium ferricya- 
nide. 

12. (A) After splitting of cf-orbitals during complex formation, the 

orbitals form two sets of orbitals t 2 g and 
(R) Splitting of d-orbitals occurs only in the case of strong 
field ligands such as CN~. 

13. (A) Ferrocene is a ir-bonded complex. 

(R) All organometallic compounds are TC-bonded complexes. 

lC~^(AXAlfimerorbhaFcomplexeS“afe-di^^ -^_ 

(R) Inner orbital complexes^eontjain only^p^d orbital s- 

15. (A) Organometallic compounds are those which have one or 

more metal-carbon bonds. 

(R) Metallic carbonyls are organometallic compounds having 
both 0 and n-bonds. 

16. (A) In octahedral complexes, the orbitals dy^, d^) 

are stable and of low energy while the two orbitals' 
(dx^-y^ ,d^ 2 ) are unstable and have high energy. 

(R) In octahedral complexes, the three ^/-orbitals idxy> dy^,d^ 
experience less repulsion from the ligands while two 
^/-orbitals {d^ ^ y 2 , d^i) experience more repulsion from 
the ligands due to their shapes. 

17. (A) [Co(N 02)3(NH3)3] does not show optical isomerism. 

(R) It has a plane of symmetry. 

‘J8. (A) [Fe(H 20 ) 5 N 0 ]S 04 is paramagnetic. 

(R) The Fe in [Fe(H 20 ) 5 N 0 ]S 04 has thme unpaired electrons. 
[Hint: Fe’^-one electron from 4^ is shifted to M Le,, it has 

7 

3<i configuration. 

3 unpaired electrons] 

19. (A) The geometrical isomers of the comple>;/|1if {NH 3 ) 4 Cl 2 ] are 
optically inactive. ^ 

(R) Both geometrical isomers of the coijaplex [M(NH 3 ) 4 Cl 2 ] 
possess axis of symmetry. \ 


tilTirt T 1 T 






1. (a) 2. (a) 3. (b) 4. (c) 5. (e) 6. (a) 7. (d) 8. (e) 9. (c) 10. (b) 

11, (d) 12. (c) 13. (c) 14. (d) 15. (b) 16. (a) 17. (a) 18. (a) ' 19. (a) 
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THOUGHT TYPE QUESTIONS 


THOUGHT 1 ., THOUGHT 2 


The neutral molecules, anions or cations which are directiy 
linked with a central metal atom or ion in a complex are called 
ligands. A ligand is a species that is capable of donating an 
electron pair or pairs to the central metal atom or ion. It acts as a 
Lewis base. The ligands having two or more donor atoms are called 
polydentate or multidentate ligands. A multidentate ligand is 
known as a chelating ligand if on coordination it results in 
formation of a closed or cyclic ring. The complexes, thus, formed 
are known as chelates. Chelates are usually more stable. 

1. of the following ligands c^ form chelates? 

(a) 'EthVlenediamine _^(b)J^xiiliaacid__ 1 _ 

(c) Glycine (d) All of these 

2. How many dohbf sites are present in ethylenediamine 
tetraacetate ligand? 

(a) 2 (b) 3 

(c) 4 (d) 6 

3. Ni^"^ ion forms a scarlet red complex with DMG It is a. 

. . Vmernbered dosed ring stfuctuie. 

(a) 3 (b) 4 (c) 5 (d) 6 

[Hint : The structure of Ni-DMG complex is, 

OH O 

I t . 

CHs—C=N\ 1 ^N=C^CH3 

i 2 ' • 

CH3—C^=N^ \n=C—CH3 ] . 

i I 

O OH 

4. Which of the following is not a chelate? 

(a) Ci5-platin—a drug used in the treatment of cancer 

(b) Haemoglobin— a. protein present in blood 

(c) Chlorophyll—a green plant pigment which acts as a 
photosensitizer in the synthesis of carbohydrates 

(d) Vitamin B 12 —it is a cobalt (I) complex which is essential 
for growth of animals 

5. Which of the following statements are correct about stability 
of chelates? 

(a) As the numto of rings in complex increases, stability of 
chelate also increases 

(b) A chelate having five membered ring is more stable if it 
contains double bonds 

(c) A chelate having six membered ring is more stable if it 
does not contain double bonds 

(d) Chelating ligands are atleast bidentate ligands 

6. Chelate effect refers to : 

(a) increase in reactivity of complex because of chelation 

(b) increa^ in stability of complex due to chelation 

(c) increase in conductivity of complex due to chelation 

(d) decrease in stability of complex due to chelation 


Coordination compounds play a vital role in our lives. The 
importance of these compounds can be realised from the fact that 
life would not have been possible without the existence of 
chlorophyll in plants and haemoglobin in the blo(Kl of the animals. 
The field of such compounds has expanded very fast in recent 
years and coordination compounds are playing important roles in 
analytical chemistry, polymerisation reactions, metallurgy and 
refining of metals, organic synthesis, electroplating, biochemistry, 
water purification, textile dyeing and bacteriology. 

1. The hardness of water is estimated by : 

(c) Titrimefricmetiiod (d) DistillationzmethiErf.: 

2. A reagent used for identifying nickel ion is : 

(a) Potassium ferrocyanide (b) Phenolphthalein 

(c) Dimethyl glyoxime (d) EDTA 

3. Lead poisoning in the body can be removed by : 

(a) Zeise’s salt (b) Ferrocene 

(c) Cw-platin (d) [Ca(EDTA)P 

4. Extraction of Ag from sulphide ore and removal of unreacted 
silver halide from photographic plate involve complexes : 

(a) [Ag(CN) 2 ]“,[Ag(S 203 ) 2 ]^- 

(b) [Ag(S203)2]^[Ag(CN)2]- 

(c) [Ag(CN) 2 ]“ in both (d) [Ag(S 203 ) 2 ]^ in both 

5. Which is used in cancer chemotherapy? 

(a) Ci>platm (b) Zeise*s salt 

(c) Ferrocene (d) Fischer’s salt 

THOUGHT 3 

When crystals of CUSO 44 NH 3 are dissolved in water, there is 
hardly any evidence for the presence of Cu^”*” ions or ammonia 
molecules. Anew ion, [Cu(NH 3 ) 4 ]^'^, is furnished in which ammonia 
molecules are directly linked with the metal ion. Similarly, the 
aqueous solution, of Fe(CN) 2 ‘ 4 KCN does not give tests of Fe^"^ 
and CN“ ions but gives test of a new ion, [FeCCbO^]"^. Tlie ions 
[Cu(NH 3 ) 4 ]^”' and [Fe(CN) 6 ]'^ aie called complex ions. These ions 
are represented as : 


NH 3 

1 

i . 

H 3 N- >Cn <—NH 3 

2 + 

NC. CN 

NC->Fe<-CN 

1 

I_ 


/ \ 

NC ■ CN 


1. The primary and secondary valency of copper in the complex 
Cu(NH 3 ) 4 S 04 are: 

(a) 2,4 (b)4,2 


(c) 0,4 


(d) 1,4 
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2. The EAN of Fe in [FeCCN)^]^ ion is : 

(a) 24 (b) 30 (c) 36 (d) 38 

3. The hybrid state of Cu in [Cu(NH 3 ) 4 ]^'^ is : 

(a) sp^ (b) sp^d 

(c) sp^d^ (d) dsp^ 

4. [FeCChOel'^ionis: 

(a) square planar (b) octahedral 

(c) tetrahedral (d) none of these 

5. Which one of the following statements is correct? 

(a) [Cu(NH 3 ) 4 ]^"^ is diamagnetic while [FeCCN)^]'^ is 
paramagnetic 

(b) [Cu{NH 3 ) 4 ]^”^ is paramagnetic while [FeCCN)^]'^ is 
diamagnetic 

(c) Both are paramagnetic (d) Both are diamagnetic 

6. For a complex ion, [Cu(NH 3 ) 4 ] 


, 2 +. 


(b) Stability constant is 

(c) stability is more if instability constant is higher 

(d) stability is less if stability constant is higher 


THOUGHT 4 

The coordination number of Ni^"^ is 4, 

NiCl 2 + KCN-> A (Cyano complex) 

NiCl 2 + Cone. HCl (excess)- > B (Chloro complex) 

1. The TUPAC names of A and B are: [IXT. 2006] 

(a) Potassium tetracyanonickelate(II), 
potassium tetrachloridonickelate (IT) 


(b) Tetracyanopotassiumnickelate (IT), 
tetrachloridopotassiummckelate(II) 

(c) Tetracyanonickel(n), tetrachloridonickel (II) 

(d) Potassium tetracyanonickel(II), 
potassium tetrachloridonickel(n) 

2. Predict the magnetic nature of A and B: 

(a) both are diamagnetic 

(b) A is diamagnetic and B is paramagnetic with one unpaired 
electron 

(c) A is diamagnetic and B is paramagnetic with two un¬ 
paired electrons 

(d) both are paramagnetic 

3. The hybridization of A and B are: 

(a) dsp^, sp^ (b) sp^, sp^ 

(c) dsi?, dsp^ (d) sp^d^, d^sp^ 

.. [Hint ; Cyano comp le x K?rNi ( CIS[) 4 l___ 

Potassium tetracyanonickelate (H) _ 

CHoro complex K 2 iJliCl 4 ] ” 

Potassium tetrachloridofflckelate(n) 





3d 


4^ 

4p 

Cyano complex 


n 

Ti 

ti ■: 

mrr- 

• 

• 




3d 


dsp^ 

diamagnetic 

Chloro complex 

ti 

tj.| 

ti 

t t 

QE 

• « 

« « 


*1 

sp paramagnetic ] 



Thought 1 

1 . (d) 

2 .(d) 

3. (c) 

4. (a) 

5. (a, d) 

6 . (b) 

Thought 2 

1 . (b) 

2 . (c) 

3.(d) 

4(a) 

S.(a) 


Thought 3 

1 . (a). 

2 .(c) 

3.(d) 

4.(b) 

. 5. (b) 

6 . (a) 

Thought 4 

l.(a) 

2 .(c) 

3. (a) 






1. Write down the lUPAC names of the following complexes : 
(i) (NI^)2[FeF5H20] 

Cn) [Co(NH 3 ) 5 H 20 ](Re 04)3 
■ (iii) [Co(H20){NH3)5][Co(C204)3] 

(iv) [Co(H20)(NH3)5][Cr(SCN)4(NH3)2]3 
(V) [Co(H20)(NH3)5J[Co(N02)4(NH3)2]3 
(Vi). K 4 [Mo(CN) 8 ] (vii) (NH 4 ) 2 [Cr(NH 3 )(NCS)(S)] 

(Viii) [Bi{SC(NH 2 ) 2 } 2 ](S 04 ) (ix) [(CH 3 ) 4 ]N:| 2 [Co(NCS) 4 ] 

2. [V(CO)6] has a magnetic moment corresponding to one 
unpaired electron. Draw a valence bond structure for this 
molecule. What is geometrical structure of complex? 

3. Indicate whether of the following complexes are low spin or 
high spin complexes: 


4. 


5. 


[Co(NH3)5q]a2 

MCiicm 

(PtfNHsldCU 

(NH4)2(FeF5H20] 


0 unpaired electron 
2 unpaired electrons 
0 unpaired electron 
5 unpaired electrons 


Arrange the following complexes in increasing order of molar 
conductivity (on the basis of Werner’s theory) : 

(a) K[Co(NH3 )3(N02)4] 

(b) [Cr(NH3)3(N02)3] 

(C) [Cr(NH3)5(N02)3][C0(N02)6]2 

(d) Mg[Cr(NH3)(N02)5] 

[Ans. (b) < (a) < (d) < (c)] 


Write down the formula corresponding to the following 
lUPAC nam^. 

(i) Aluminium tetrachloridoaurate(III) 
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(ii) Diainminesilver(I)hexacyanofeiTate(II) 

(iii) Tetrahydroxodiaquoaluminate(III) ion 

(iv) Hexaamniinecobalt(III) tetrachloridodiammine 
mate(III) 

(v) Hexaarnminenickel(n) hexanitrocobaltate(in) 

[Ans. (i) Al[AuCl4]3 (ii) [Ag(NH 3 ) 2 ] 4 [Fe(CN) 6 ] 

(iii) [A1(H20)2(0H)4]~ (iv) [Co(IS 0 rt 3 ) 5 ][Cr(NH 3 ) 2 CU ]3 
(V) [Ni(NH3)6]3[Co(N02)6]2] 

6. How many geometrical isomers are possible for each of the 

following complexes? Draw the structure of each isomer: 

(a) Pt(NH 3 ) 2 (SCN )2 (b) [CoCl 2 Br 2 ]^“ tetrahedral 

(c) Co(NH3 )3(N02)3 (d) Pt(en)Cl 2 

(e) [Ct<en) 2 Br 2 ]^ (£) mitnhf* 

[Ans. (a) Two (b) None (c) Two (d) None (e) Two (f) None] 

7. Which of the following complexes can exist as optical isomers 
-^anriomers)?^aw^e^strucmre“ofera“dT^ e^^ 

(a) [Ee{C 204 ) 3 -]^ 

(c) [Co(NH 3 ) 2 (en) 2 ]" 

[Ans. 


11 


[Ans. (i) No ionisation 

(ii) [Co(H 20 ) 5 C 1 ] CI 2 [Co(H 20 ) 5 C 1 ,]^"^+2Cr; three ions 
(in) [R(NH 3 ) 6 ]Cl 4 ^ [Pt(NH 3 ) 6 ]'‘'" + 40”; five ions 

(iv) [Cr(NH 3 ) 3 Cl 3 ] no ionisation] 

What d electron configurations exhibit both high and low 
spin in octahedral complexes? 

[Ans. d\ d^, d* /] 

12. Depict high spin and low spin configurations for each of the 
following complexes. Tell whether each is diamagnetic or 
paramagnetic. Give the number of unpaired electrons for the 
paramagnetic complexes: 


. 4 ^ 


(a) mmei 

(c) [Fe(H20)d 
[Ans. (a) [Fe(CN)6f 


i3+ 


(b) [Co(NH3)6] 

(d) [cm" 


13+ 


3+ 


(b) [Co(NM3)4(en)] 
(d) [Ci(H20)4a2f^ 


3+ 


(a) 




Fe ) 
0/ I 


o. 
^0^ I 


(c) 


N\ I /NH3 I H3NV 
Co 

1 ^NH3 


N 




Co 

1 


8 . 


[Fe(CN)6]^ ion has magnetic moment of 1.41 B.M. while 
[Fe(H20)5]^'^ has a magnetic moment of 5.92 B.M. Explain. 
[Ans. [Fe(CN)6]^“ has one unpaired electron (d hybridization 


of Fe^*^ while [Fe(H 20 ) 6 ] has five unpaired electrons 


{sp^d^ hybridization of Fe^'*’), 


3d 


[Fe(CN)6] 


3- 


n 

ti 

t 

m 

« 


As 

m 


4p 


[Fe(H20)6] 


3+ 


a sp 

Mag. moment = ^ = 1.414 B.M, 
Ad 


T 

T 

T 

t 

T 




3 r2 
sp d 

Mag. moment = 4^ = 435= 5.92 B.M.] 

Match the geometry (given in column A) with the complex 
(given in column B). 


10 . 


(A) 

(i) Tetrahedral 

(ii) Octahedral 

(iii) Square planar 

(iv) Trigonal bipyramidal 

(v) linear 

[Am. (i - e); (ii - d) ; (iii ■ 

How many ions are given by the following complexes in 
aqueous solution? 

(i) Ni(C0)4 (ii) Coa3-5H20 

(iii) PtCl 4 - 6 NH 3 (iv) CiiNH 3 ) 3 (N 02)3 


(B) 

(a) [Cu(NH3)4]^ 

(b) [Ag(NH3)2]^ 

(c) Fe(CO )5 

(d) [Cm20)(t 

(e) mchf" 

■ a) ; (iv - c) ; (v - b) ] 




As 


Ap 


Low spin 


High spin 


tl- 



• # ■' 

# 


• 

■ 

—- • ■ 

diamagnetic 

3d 

.V 

a sp 

4s Ap 

Ad 

ti t. 



T 

□ 

E 

E 

• 

• 

m m 

• 9 


3 .2 
Sp a - 


d (4 unpaired electrons paramagnetic) 

(b) [Co(NH 3 ) 6 ]^^: Case depiction as in (a) 

Low spin diamagnetic; high spin pariamagnetic (4 unpaired electrons) 


(c) [Fe(H 20 ) 6 ] 


i3+. 


Low spin 


High spin 


Low spin 


High spin 


3d 

1 

tin t : : 

. • • • » 

« • » • 

3d 

dV 

(1 unpaired electron paramagnetic) 

Ap Ad 

t- t t t T 

im : : : : : 

Rearrangement 

sp^d^ 

d^ 

CrFfi]'^: d'* Case 

(5 unpaired electrons paramagnetic) 

3d 

As Ap 

n t t : : 

IQ] : : : 


d\p^ 

(2 unpaired electrons paramagnetic) 

3d 

<>> 

1 

t T t T 

• * • « • « 

« • • * « • 


sp^d^ 

(4 unpaired electrons paramagnetic) 


13* Draw the structure of geometrical isomers of [Pt(gly) 2 ] where 
gly-^NH2CH2COO' 
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CH 2 


CH 2 


DC — 


O^CO 


Cis ^ - 



Trans 


14. How many geometrical isomers with formula [MABCU] e.g., 
[Pt(NH 3 ){py)(NH 20 H) N 02 ]"^ are possible? 

[Ans. 3] 


[Hint : 



15.i^Give4he example of a tetrahedral coi^fex showing optical 
activity. 

[Ans. 


16. 


H 3 C 

HC 

CeHs 


> 


C=Os^ ^ 

>c-o/ \ 


o=c 
o—c 


< 

< 


CH 3 

CH and its mirror 
image 

CsHs 


bis (Benzoyt acetonate) 
beryllium (II) complex j 

What are facial and meridional isomers? Explain with 
examples. 

[Ans. For the complexes of the type [Ma 3 b 3 ] e.g.^ 

[Co(NH 3 ) 3 Cl 3 ] and [Rh(py) 3 Cl 3 ]; the isomer is called 
facial (fac) when all similar ligands occupy same face of an 
octahedron as shown below. When all similar ligands are 
not on the same face then the isomer is called meridional 
(mer). 




'facia!’ 


'meridional 


17. Explain why [Cu(en) 2 ]^’^is less stable than [Fe(EDTA)]“? 
[Ans. [Cu(en) 2 ]^^ has four rings in the structure. On the other 
hand [Fe(EDTA)]“ has five rings in the structure. 



Greater is the number of rings of chelation, more is the 
stability of complex. Thus, [Fe(EDTA)]~ is more stable 
than [Cu(en) 2 ]^^] 

18. What do you understand by macrocyclic effect? 

[Ans. Thermodynamic stability of a complex formed with a cyclic 
polydentate ligand is increased when compared to the 
complex formed with a non-cyclic hgand. 



The 

the structure of this complex? - ^ - 

[Ans. BAN - 25 (electrons from Mn atom) -H 10 (electrons from 
five CO ligand) +1 (etetron from Mn—Mn bond) 

Thus, structure will be: 


20 . 


21 . 


oc. 


CO CO 

\ / 

^ Mn- 


CO CO 

\ / . 

■Mn 


CO 


/ \ / \ 


CO CO CO CO 

] 

How many different structures are possible for each of the 
following complex ions? 

(a) [Co(NH 3 ) 5 H 20 ]^^ (b) [Co(NH 3 ) 4 (H 20 ) 2 ]^^ 

(C) [Co(NH 3)3(H20)3]^ (d) [Co(NH3)2(H20)4]^'^ 

[Ans. Draw the structures youiself.] 

The hexaaqua complex, [Ni(H 20 ) 5 ]^'‘’, is green, whereas the 
corresponding ammonia complex, [Ni(NH 3 ) 5 ]^'^, is violet. 
Explain. 

[Ans. NH 3 is a stronger ligand than H 2 O, so [Ni(NH 3 ) 6 ]^’^ will 
absorb higher energy light than [Ni(H 20 ) 6 ]^^- Being green, 
[Ni(H 20 ) 6 ]^'^ is probably absorbing red light while violet, 
[Ni(NH 3 ) 6 ]^‘^ is probably absorbing higher energy yellow- 
green light.] 


22. Which of the following metal ions cannot form both high- 
spin and low-spin octahedral complexes? 

(a) (b) 

(c) (d) 

[Ans. (a) and (d)] 


23. Rank the following complex ions in order of increasing A: 
[Cr(NH3)6f [Cr(H20)6]^ [Ci<N02)6]^. 

[Ans. tCr(H20)6]^* < [Cr(NH3)6]3+ < [Cr(N02)6]^‘] 

24. The value of A for [RhCl^]^ is 243 kJ moF*. What wave- 
length of light will promote an electron from the t 2 g set to 
the Cg set? What is the colour of the complex? 

[Hint I A = hv - h . ^ for one electron 

: _ h-c _ 6.63 X 10~^^Js X 3 X lO^ms"* x 6.02 x 10^^ 

° A 243x103j 

= 492 X 10^® m = 492 run, orange] 
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The answer to each of the following questions is a single 4. 
digit integer ranging from 0 to 9, 

1. How many number of unpaired electrons are present in 5. 

low spin octahedral complex? 

2. On treatment of 100 mL of 0.1 M solution of the complex 

CoCl 3 - 6 NH 3 with excess of AgN 03 , 4.305 g of AgCl was 6 . 

obtained. What is the positive charge present on the complex 

ion? 7. 

3. The possible number of geometrical isomers for the complex 

[Pt(NH 3 )(NH 20 H)(N 02 )(py)]N 02 are: 8 , 


The oxidation number of M in the compound [M(NH 3 ) 5 S 04 ] 
is : 

A certain complex ion has the formula [M(en) 2 Br 2 ]^ where M 
is the metal ion and en = ethylene diamine. How many 
isomers are possible for this ? 

What is the value of spin only magnetic moment value of 
Cr(CO) 6 ? 

How many unpaired electrons are present in 
[Fe(H 20 ) 5 N 0 ]S 04 complex? 

How many H-bonds are present in the complex entity formed 
for Ni^"^ and dimethylglyoxime? 



1. (0) Octahedral complex has d sp hybridisation. 

5 P 

a rTTTTTI 

6 electrons j^p^-hybridisation 

2. (3) Number of moles of complex = x 100 = 0.01 mole 

^ 1000 

Number of moles of AgN 03 = = 0.03 mole 

1435 

This shows that three chloride ions are present in the complex. 
The formula is [Co(NH 3 ) 6 ]Cl 3 . 


4. (2) 

5. (3) Geometrical isomers, cis form has optical isomer. 

6. (0) In Cr(CO)6, there is no unpaired electron. 

7. (3) The oxidation state of Fe in the complex is +1. Thus Fe^ has 

configuration ?>d^. Thus, there are three unpaired electrons. 





H 3 N 


NH 2 OH 

H 3 N 


3. (3) 

py 

Pt 

X X 

NO2 

HOH 2 N 



( 1 ) ( 11 ) 
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53. What is the crystal field splitting energy or ciystal field 
stabilisation energy (CFSE) for configuration for strong 
ligand field? 

(a)-L6A^ (b)~^2,0Ao 

(c)^2.4Ao (d)-1.8Ao 

54. In the following complexes of manganese what is the 
distribution of electrons on (i-orbitals of manganese? 

0) [Mn(H20)d2^ (ii) [Mn(CN)6]^ 

(a) ? 2 g ill both 

(b) ^g in both 

(c) 4g in (i) and 4g fig in (ii) 

(d) 4 g fig in (i) and 4g ^g in (ii) 

Passage 2 

The ^if-block elements include the most common metal used in 
construction and manufacturing, metals that are valued for their 
beauty, metals used in coins and metals used in modem 


technology. The d-block elements include the densest elements, 
the metals with the highest melting and lowest melting points. 
Some of the members are radioactive and certain if-block elements 
are particularly important in living organisms. A number of 
compounds of deblock elements are used for special purposes. 

55. Which of the element possesses the highest melting point? 

(a) La (b) W 

(c) S (d) Pt 

56. Which of the element possesses highest density? 

(a) Cu (b) Ag 

(c) Au (d) Ir 

57. How many <i-block elements are radioactive in nature? 

(a) 8 (b) 9 

(c) 10 (d) 11 

58. Wilkinson’s catalyst is a transition metal complex in which 

T.^ .:.. . ^ . 

(a)ilh (b).Ru = 

(c) Fe (d) M 




1. (a) The magnetic moment depends on the number of unpaimd 
electrons. 


Mag. moment = ^n{n + 2 ) whae n is the number of unpaiied 
electrons. 


Ti3+ 

3d^ 

n = 1 

■ 

3 /. 

n = 2 


3d’ 

n = 3 


3 / 

n = 5 


> Minimum mag. moment 


2 . (b) 

3. (d) 

4. (c) [Fe(CN) 6 ] 

Fe^+3d' 
[Ni(CN) 4 ] 


Ni(CO )4 


3d 


4- 


2 + 


titin 


4s 4p 


X 

nr 

X 

X 

X 

X 

X 

1 ^ 

X 

X 

X 

X 


d%p^ octehedral 
diamagnetic 


ti 


ti 

n 

X 

X 


dsp^ planar 
diamagnetic 



n 



ti 


sp^ tetrahedral 
diamagnetic 

5. (a) Cu”^ is colourless as it contains completely filled d-orbitals. 

6 . (c) 2CtOl +2W^CTfi^, -hHfi 

(Yellow) (Orange) 

7. (b) + 2Chr-> Cu(CN)2-> Cu2(CN)2 

Cu2(CN)2 + 6KCN-^ 2K3[Cu(CN)4] 

Le., [Cu(CN) 4 ]^ is formed in which Cu(I) is present which is 
colourless. 

8 . (c) Only primary valencies are ionised. 


[C0(NH3)5Cl]Cl2 : 


[Co(NH 3 ) 5 Clf"' +2C1 

3 ions 


) 2AgCl + [Co(NH 3)5C1](N03)2 
9. (a) The oxides with lower oxidation states are basic while with 
higher oxidation states are acidic. 

The oxides with intermediate states are amphoteric. . 

CrO and V 2 O 3 are basic in n^ure. Mn 207 is an acidic oxide. 
Cr 203 shows amphoteric nature. 

10 . (b) Cis~[Co(m)(NU^) 2 C\ 2 ]^ exists in optically active forms. 


Cl 


Co 


NH3 


Cl 


OT 3 


Cl 


HsN' 


Cl 


Co 


NH3 


11. (a) Magnetic moment depends on the number of unpaired electrons. 


3d 


4s 


t 



XX 

XX 


4 p 


dsp^ 


Fe 


3+ 


ti 

ti 

t 

XX 

X 

X 


X 

X 

X 

X 

X 

X 


dsp^ 


Fe 


2+ 


ti 

u 

ti 

”x‘ 

X 

XX 


X 

X 

X 

X 

X ! 

X 


3 unpaired electrons 


One unpaired electron 


No unpaired electron 


sp^d^ 


12 . 


No unpaired electron 

(c) Higher the oxidation state of the metal greater is the crystal 
field splitting. The species (c) is in the +3 oxidation state while 
others are in +2 state. 
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Revision Exercise : 4 (Chapter 14 to 15) 


34. (A) KCN gives K 3 [Cu(CN) 4 ] complex compound with CuS 04 

solution. 

(R) KCN reduces Cu^"^ to Cu"^ and then forms a complex 
compound. 

35. (A) Silver is recovered from argentocyanide complex by 

adding zinc dust. 

(R) Zinc is less electropositive than silver. 

36. (A) Scandium and zinc are two members of first transition 

series which do not form coloured compounds. 

(R) Scandium compounds have configuration while zinc 
compounds have configuration, ie., there is no d-d 
transition. 

37. (A) The highest oxidation state of manganese is + 6 . 

(R) The highest oxide formed by manganese is acidic in 
nature. 

38. (A) [FeCCNifil^j^weakly par^agned c w hi le [Fe(CN )^l'^is 

diamagnetic. 

(R) Bbffl [Fe(CN) 6 ]^ and IFe^CNy"*" involve (fsp^ 
hybridisation. In rearranging electrons in ^-orbitals, one 
d-orbital is singly occupied in [FeCCN)^] and all 
J-orbitals are doubly occupied in [Fe(CN) 5 ]'^. 

39. (A) The order of increasing crystal field splitting in the three 

complexes of iron is : 

[FeCle]'^ < [Fe(H20)6]^^ < [FeCHaOld^^ 

(R) The crystal field splitting depends on the position of 
ligand in the spectrochemical series and oxidation state 
of central metal ion. 

40. (A) [Cr(H 20 ) 2 (C 204 ) 2 r shows geometrical isomerism. 

(R) [Co(NH 3 ) 5 {N 02 )] (N 03)2 shows ionisation and linkage 
isomerism. 


MATRIX MATCHING QUESTIONS 

41. Match Colurrm-I with Column-II: 

Coliimn-I Coliunn-n 

(a) Mercury (m) i>block element 

(b) Lanthanum (n) /-block element 

(c) Uranium (o) Radioactive element 

(d) Technetium (p) Synthetic element 

(e) Americium (q) Variable valency 

Match Column-I with Column-II: 


42. 


43 . 


Column-I 

(a) K 2 Mn 04 

(b) KMn 04 

(c) K 2 Cr 04 

(d) K 2 Cr 202 
Match Column-I with Column-II: 

Column-I 


Column-n 

(p) Transition element in +6 
oxidation state 

(q) Oxidising agent in acid medium 

(r) Obtained from pyrolusite ore 

(s) Obtained from chromite ore 


CoIumn-n 


,4- 


(a) [Fe(CN)J 

(b) [Cu(NH 3 ) 4 ] 

(c) [Mn(CN) 6 ]^ 


2 + 


(p) Paramagnetic 

(q) Diamagnetic 

(r) Unpaired electron or 
electrons 


(d) [CuCl^f" (s) .sp'^-hybridisation 

(e) [Fe(CN) 6 ]^ (t) ii^.rp^-hybridisation 

Match Column-I with Column-II: 


44. 


Column-I 

(a) [Co(en) 2 a 2 ]Cl 

(b) [Co(NH 3 ) 3 a 3 ] 

(c) [Cr(NH 3 ) 5 N 02 ]a 2 

(d) [Co(en) 3 ]a 3 


Column-n 

(p) Linkage isomerism 

(q) Optical isomerism 

(r) Geometrical isomerism 

(s) Ionisation isommsm 


INTEGER ANSWER TYPE 

45. The effective atomic number (EAN) of a metal carbonyl, 
M(CO)^ is 36. The atomic number of M is 26. The value of x 
is: 

46. A weak field complex of Ni^”’’ has magnetic moment value of 

2.82 BM. The number of electrons in th e leve l of N i^' *' will 

beT ^ ^ '' 

47. The^ h electrons present in chromium atom 

is: 

48. The number of NaCl molecules in the following balanced 
equation is: 

K 2 Cr 207 + H 2 SO 4 + NaCl-—> KHSO 4 + NaHS 04 _ 

. +Cr02Cl2TH20 

49. In hydrated ferric chloride, how many water molecules are 
coordinated to iron ion? 

50. What is the oxidation state of the central metal atom in 
[Fe(EDTA)]” complex ion? 


LINKED COMPREHENSION TYPE 
Passage 1 

In octahedral complexes with six ligands surrounding the metal 
atom/ion, the degeneracy of ^-orbitals is disturbed due to 
repulsions between the ligands and cf-orbitals. The repulsions 
between d^^^y^ ^d d^^ orbitals and the ligands are greater than 
dy^ and d^ orbitals and ligands. Thus, there is splitting of 
J-orbitals into two sets, i.e., two orbitals of higher energy, eg set 
and three orbitals of lower energy, tig set The difference of energy 
between the two sets of cf-orbitals is called crystal field splitting 
energy and is represented by Aq. For any given metal cation, the 
magnitude of A^ depends upon the nature of the ligands. Some 
ligands produce strong fields and hence sphtting is large whereas 
some others produce weak fields and hence they result in small 
splitting of ^-orbitals. 

51. In an (x:tahedral crystal field, eg, orbitals are: 

(a) raised in energy by 0.4 A^ 

(b) lowered in energy by 0.6 A^ 

(c) raised in energy by 0.6 A^ 

(d) lowered in energy by 0.4 A^ 

52. Predict the order of A^ for the following complexes: 

(A)[Fe(H20)6]2^ (B)[Fe(CN)4{H20)2]^ (C)[Fe(CN)6f 

(a) (A) < (B) < (C) (b) (B) < (C) < (A) 

(c) (C)<(B)<(A) (d)(B)<(A)<(C) 
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(c) [Pta(dien)]C|, [NiCl 2 Br 2 ]^ □ 

(d) [Co(N03)3(NH3)3],a5-[R(en)2Cl2] □ 


20. For which of the following species d-d transition does not 
account for its colour? 

(a) Cr 20 ^ □ (b) CrOf □ 

(c) CtC^C \2 □ (d) All of these □ 

21. Mn^"^ forms a complex with Br“ ion. The magnetic moment 
of the complex is 5.92 BM. The probable formula and 
geometry of the complex is : 

(a) [MnBrJ^”; tetrahedral □ 

(b) [MnBrJ^”; square planar □ 

(c) [MnBr6]^; octahedral □ 

(d) [MnBr 5 ] ; trigonal bipyramid □ 

22. Which one of the following statements is not correct? 

(a) Argentite is impure AgCl. □ 

" (h) A^"^d^^ A^ extracted by ih^ng sdluhle cyanide 
complexes. 

(c) German silver does not contain silver. □ 

(d) Zinc is used to extract silver from lead-silver alloy. □ 

23. The decrease of ionic radii of lanthanoid elements is due to : 

(a) different shapes of /-orbitals □ 

(b) efficient shielding by /-orbitals for the attraction of ns^ 

electrons by the nucleus □ 

(c) efficient shielding by d and /-orbitals for the attraction 

of n/ electrons by the nucleus □ 

(d) inefficient shielding by/-orbitals for the attraction of ns^ 

electrons by the nucleus □ 

24. Which of the following statements is correct regarding the 
slag obtained during the extraction of a metal like copper or 
iron? 

(a) The slag is hghter and has lower melting point than the 
metal. □ 


(b) The slag is heavier and has lower melting point than the 

metal. □ 

(c) The slag is hghter and has higher melting point than the 

metal. □ 

(d) The slag is heavier and has higher melting point than 

the metal. ^ □ 

25. In the extraction of copper, the reaction which does not take 
place in Bessemer converter is : 

(a) 2CuFeS2 + ^2 -> CU 2 S + 2FeS + SO 2 □ 

(b) 2 Cu20-hCu2S —^ 6CU-HS02 □ 

(c) 2 CU 2 S -H 3 O 2 -> 2 CU 2 O -H 2 SO 2 □ 

(d) 2FeS + 3 O 2 -> 2FeO -H 2 SO 2 □ 

ONE OR MORE THAN ONE CORRECT 
ANSWERS TYPE 

26. Identify the correct statements. 

(a) La(OH )3 is less basic than Lu(OH )3 □ 


(b) In lanthanoid series, the ionic radius of Ln^"^ ions 
decreases. □ 
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(c) La is an element of transition series rather than lanthanoid 

series. □ 

(d) Atomic radius of Zr and Hf is same due to lanthanoid 

contraction. □ 

27. Which of the following is not correct for [Cr(NH 3 ) 6 ]Cl 3 ? 

(a) It gives white precipitate with AgN 03 . □ 

(b) It is diamagnetic. □ 

(c) It is paramagnetic. □ 

(d) It is colourless. □ 

28. Identify the false statements. 

(a) The hybridisation of Cr in [Cr(H20)6]Cl3 is d^sp^. □ 

(b) Both K 2 [RCl 6 ] and K 2 [NiCl 6 ] are stable coordination 

compounds. □ 

(c) The paramagnetic character in 3d transition series ions 
_ increases upto manganese and then decreases. □ 


(d) Zn is not considered a transition metal. 

29. Identify the incorrect statements. 

(a) Chlorophyll is a Co(n) Complex. 

(b) Chlorophyll is a Mg(n) Complex. 

(c) Chlorophyll is an organometalhc compound. 

(d) Chlorophyll is a diamagnetic compound. 

30. Identify the incorrect statements. 

(^) ^tetrahedral 4/9 th ^octahedral' 

(b) Number of unpaired electrons in K 3 [CoF 6 ] are zero. 

(c) The hybridisation of Cr in [Cr(H 20 ) 6 ]S 04 is d^sp^. 

(d) In a tetrahedral complex d^^y, d^^^ dy^ orbitals set has higher 

energy than the orbitals set, □ 

31. Which of the following are paramagnetic? 


□ 

□ 

□ 

□_ 

□ 

□ 

□ 


(a) {NiQ^r 


(b) [Cuq 4] 


, 2 - 


■| 2 - 


□ 

□ 


32. 


□ 

(c) [MnCU]^" □ (d) [Ni(CN) 4 ]^ 

Select the correct statements. 

(a) Complex ions in which ligands can be interchanged 

rapidly are said to be non-labile. □ 

(b) Chelation effect is maximum for five or six membered 

rings. □ 

(c) [Fe(CN)6]^ and [Fe(H 20 ) 6 ]^'^ can be distinguished by 

magnetic moment. □ 

(d) For a given ion and ligand, greater the charge on the 

metal ion, greater is the stabihty. □ 


ASSERTION-REASON TYPE QUESTIONS 

Each of the following questions contains Assertion (A) and 
Reason (R). Use the following key to select one appropriate answer. 

(a) If (A) and (R) both are true and (R) is a correct 
explanation for (A). 

(b) If (A) and (R) both are true and (R) is not a correct 
explanation for (A). 

(c) If (A) is true and (R) is false. 

(d) If (A) is false and (R) is true. 

33. (A) K 2 Cr 207 has orange colour due to charge transfer. 

(R) In dichromate, two tetrahedral sharing one oxygen atom 
at one comer are present. 




<Revisian Exercise 
(Chapter 14 to 15] 



SINGLE CORRECT ANSWER TYPE 

1. The ion of least magnetic moment among the following is : 


(a) Ti^ □ (b) Ni^”^ □ 

(c) Co^^ □ (d) Mn^"" □ 

2 Cu is more stable than Cu due to.reduction potential 

which is due to.. hydration energy. 

(a) lower, lower □ (b) lower, higher □ 

(c) higher, higher □ (d) higher, lower □ 

3. In the series Sc (Z = 21) to Zn (Z = 30), the enthalpy of 
atomisation is lowest for which element? 

----ET (b)"Cu 

(c) Mn O ® Zn Q 

4 Out of [Fe(CN) 6 ]'*^, [Ni(CK) 4 ]^' and Ni(CO) 4 : 

(a) all have identical shapes □ 

(b) all are paramagnetic □ 

(c) all are diamagnetic □ 

(d) [Fe(CN) 6 ]'^ is diamagnetic but [Ni (CN) 4 ]^ and Ni(CO )4 

are paramagnetic □ 

5. Which one of the following ions is colourless? 

(a) Cu+ □ (b)Co^'^ □ 

(c) Ni^'^ □ (d) □ 

6 . The yellow colour of chromates changes to orange on 
acidification due to the formation of : 

(a) □ (b) 020 , □ 

(c) 02 C^“ □ (d) O 0 |~ □ 

7. is a blue coloured solution. The blue colour vanishes 
when KCN solution is added. Which of the following 
compounds is formed? 

(a) [Cu(CN) 4 ]^ , □ (b) [Cn{CN)4t . □ 

(c) Cu( 0H)2 □ (d) CuCN □ 

8 . One mole of Co(NH 3 ) 5 Q 3 gives three moles of ions on 
dissociation in water. One mole of this reacts with two moles 
of AgN 03 to give two moles of AgCl. The complex is : 

(a) [Co(NH 3 ) 4 a 2 ]a-NH 3 □ 

(b) [Co(NH 3 ) 4 q]a 2 NH3 □ 

(c) [Co(NH 3 ) 5 Cl]a 2 □ 

(d) [Co(NH3)3a3]-2NH3 □ 

9. The amphoteric oxide among the following is : 

(a) 0-203 □ (b) Mn 207 □ 

(c) V 2 O 3 □ (d) QO □ 

10. The opticallj' active coordination complex ion among the 
following is: 

(a) rrans-[Co(en) 2 a 2 f □ 

(b) CM-[Co(en)(NH 3 ) 2 a 2 r □ 


(c) lCo(mM^ □ 

(d) [Fe(CN)6]^ . □ 

11. Which one of the following complex ions has the highest 
magnetic moment? 

(a), [Q(NH 3 ) 6 f □ (b)[Fe(CN)6f □ 

(c) [Fe(CN)6]^ □ (d) [Zn(NH 3 ) 6 ]^^ □ 

12. The crystal field stabilization energy (CFSE) is the highest 
for: 

(a) iCoF 4 ]^ n (b) [Co(NCS) 43 ^“ □ 

(cHGo^e]^-B-(#[goQ4]^=-□- 

13; J»®ich^of~the folto is not taldug place during- 

the extraction of Ag from Ag 2 S by cyanide process? 

(a) Ag 2 S + 4CN“ > 2 [Ag(CN) 2 r+S^“ □ 

(b) Zn + 2 [Ag(CN) 2 r > [Zn(CN) 4 f- + 2 Agi □ 

(c) Cu + 2 [Ag(CN) 2 r —^ [Cu(CN) 4 f-+ 2 Agi □ 

(d) ^ Sof + S + S 2 O 3 " □ 

14 When a Ti^'*' complex is irradiated by light of certain 

wavelength, the complex appears coloured. The electronic 

transition which is responsible for the colour is : 

..01 10 _^.ri 02 ^ 

(a) t 2 g eg — t 2 g eg □ (b) t 2 g eg -> t 2 g eg □ 

(c)4e°—□ (d)4^0-^44 □ 

15. Mark the correct statement. 

(a) [€ 0 ( 0204 ) 3 ] is paramagnetic, inner orbital complex. □ 

(b) [ 00 ( 0204 ) 3 ] is diamagnetic, outer orbital oimplex. □ 

(c) [ 00 ( 0204 ) 3 ]^ is paramagnetic, outer orbital complex. □ 

(d) [€ 0 ( 0204 ) 3 ]^ is diamagnetic, inner orbital complex. □ 

16. An excess of Na 2 S 203 reacts with aqueous OUSO 4 to give : 

(a) OUS 2 O 3 D (b) OU 2 S 2 O 3 D 

(c) Na 2 [Cu(S 203 ) 2 ] □ (d) Na 4 [ 0 U 6 (S 203 ) 5 ] □ 

17. In which of the following cases, the stability of two oxidation 
states is correctly represented? 

(a) Ti^^> Ti'^ □ (b) W"' > □ 

(c) Fe^^ > Fe^"' □ (d) Cu'" > □ 

18. Carbon and CO gas are used to reduce which of the following 
pairs of metal oxides for extraction of metals? 

(a) FeO, SnO □ (b) SnO, ZnO □ 

(c) BaO,Na 202 □ (d) FeO, ZnO □ 

19. hi which of the following pairs both the complexes show 
optical isomerism? 

(a) CK-[Cr(C 204 ) 2 a 2 ],CM-[Cr(NH 3 ) 4 a 2 ] □ 

(b) [Co(en) 3 ]a 3 ,Cis-[Co(en) 2 a 2 ]Cl □ 
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13. (c) 



15 . (d) 00 “^ configuration | | |_| | | | | 

(f'sp^ hybridisation 
Hence, the complex is diamagnetic and inner orbital. 

16 . (d) CUSO4 + Na2S203 -> CUS2O3 + Na2S04 

2CUS2O3 + Na2S203 -^ OU2S2O3 4 “ Na2S405 

3CU2S2O3 + 2Na2S203 - 4 Na4[Cu5(S203)5] 

17. (b) Mn^^( 3 ^) is more stable than 

18. (d) FeO + C -^ Fe + CO 

FeO + CO-^ Fe -f CO2 

ZnO + C-4 Zn + CO 

ZnO + CO-> Zn + CO 2 


32. (b, c, d) Complex ion in which ligands can be interchanged rapidly 
are said to be labile. 

33. (b) Both (A) and (R) are true. 

O O 



Structure of dichromate ion 

34. (a) Both (A) and (R) are true and (R) is correct explanation of (A). 

35. (c) Zinc is more electropositive than silver. Thus, (A) is correct 

while (R) is wrong. 

36. (a) Both ( A) and (R) are true and (R) is correct explanation of (A). 

37. (d) (A) is not correct. The highest oxidation state of manganese is 

+7. (R) is correct. 


19. (b) 

_ [Co(en) 3 ]C l 3 



38. (a) Both (A) and (R) are true and (R) is correct explanation of ( A). 

39. (b) 40 . (b)_ 

41. (a-m); (b-m); (c-n, o, q); (d-m, o, p, q); (e^n, o, p, q). 

42. (a-p, r)r (b-q, r^; (c-p, s);'(d-p, q, s) 

43. (a-q, t); (\y-p, r); (c-p, r, t); (d^p, r, s); (e-p, r, t). 

44. (a-q, r); (hn-r); (c-p, s); (dn^). 

45. (5) 

ban = 36 = 26+ 2xx 
or 2 x = 10 


as~[Co(en)2Cl2]Cl 



20 . (d) 

21. (a) Magnetic moment = 5.92 BM 

Number of unpaired electrons = 5 

3d 



sp^ hybridisation 
tetrahedral geometry 


22. (a) Argentite is Ag 2 S or silver glance. 

23. (d) 24, (a) 25, (a) 26. (b, c, d) 27. (b, d) 28. (a, b) 
29. (a, c) 30. (b, c) 

31, (a, b, c) 



or X = 5 

46 . (6) ^ = 2.82 = 

i>., n ~2 

2 unpaired electrons are present, i.e., Ni^"^ configuration is -3£i^. 
The number of electrons on t 2 g are six. 

47. (6) 

4s 

48. (4) 

K 2 Cr 207 + 6 H 2 SO 4 + 4NaCl-> 2 KHSO 4 + 4 NaHS 04 

4 2 Cr 02 Cl 2 + 3 H 2 O 

49. ( 6 ) [Fe(H20)6]Cl3 

50. (3) X + 1 X (-4) = - 1 

or X = +3 

51. (c) In octahedral complex, orbitals are raise in energy by 0.6 Aq. 

52. (a) The value of Aq depends on the nature of the ligand. H 2 O is a 

. weak field ligand while CN“ is a strong held ligand. The Aq 
increases as the number of CN^ ligands increases. 

53. (d) if - Ag fg (for strong ligand field) 

= [6 X (-0.4) + 0.6]Ao 

= - 1.8 4 > 

54. (c) H 2 O is weak held ligand while CbT is a strong field ligand. In 

(i) complex, the distribution is fjg ^g* t.e., all the electrons are 
unpaired while in (ii) complex, Ae distribution is ffg 
two tjg orbitals arc paned while one is unpaired. 

55. (b) 56, (d) 

57. (d) Technetium and 10 members of 4th ^-block series are radioactive 

in nature. 

58. (a) 














(Calculations Based on Chemical Equations) 


16,1; INTRODUCTION 

A cheinical equation* is a short-hand method of depicting a chemical 
change with the help of chemical symbols and formulae and it relates both 
the qualitative and quantitative aspects of a chemical change. As a symbol 
or a formula has a quantitative meaning, in the same fashion, an equation 
formed with them also gives quantitative information relating the ingredi¬ 
ents (reacting materials) and the products of the reaction. 

Calculations based on chemical equations are known as stoichiometric 
calculations. Calculations based on chemical equations are of three types: 

(i) Calculations involving mass-mass relationship. 

(ii) Calculations involving mass-volume relationship. 

(iii) Calculations involving volume-volume relationship, 

16.2! CALCULATIONS INVOLVING MASS-MASS 
RELATIONSHIP 

In general, the following steps are adopted in making necessary calcula¬ 
tions: 

(i) Write down balanced molecular equation of the chemical change. 

(ii) Write down the number of moles below the formula of each of the 
reactants and products. 

(ni) Write down the relative masses of the reactants and products with the 
help of formula below the respective formula. These shall be theoretical 
amounts of reactants and products. 

(iv) By the application of unitary method or the rule of three, the unknown 
factor is determined. 

*For details, consult Chapter 1, Physical Chemistry for Competitions. 


Contents : 

16.1 Introduction 

16.2 Calculations Involving Mass-Mass 
Relationship 

16.3 Calculations Involving Mass-Volume 
Relationship 

16.4 Calculations Involving Volume-Volume 
Relationship 
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Problem 1. How many grams of oxygen are required to 
bum completely 570 g of octane? 

Solution: 

Balanced equation of the chemical change is: 

2C8Hi8 + 2502 —4 I 6 CO 2 + I 8 H 2 O 

2 mole 25 mole 
2x114 25x32 


For burning 2 x 114 g of octane, oxygen required 
= 25 X 32 g 

For burning 1 g of octane, oxygen required 
= 25x32 
2x114® 


Thus, for burning 570 g of octane, oxygen required 


25x32 

2x114 


x570 


;- -= 2000 g 

Caiculatethenuffifer of grams of fmghesium 
chloride that could be obtained from 17.0 g ofHCl when HCl 
is reacted with excess of magnesium oxide. 

Solution; 

Balanced equation of the chemical change is: 

MgO + 2HCl -—> MgCl 2 + H20 

1 mole 2 mole 1 mole 1 mole 

2x36.5 g (24 + 71) g 

73 g 95 g 

73 g of HCl produce MgCl 2 = 95 g 
1 g of HCl produce MgCl 2 = || g 

17 g of HCl will produce MgCli = || x 17 g 

= 22.12 g 

Problem 3. The amount of carbon monoxide in a gas 
sample can be determined by using the reaction, 


/ 2 O 5 + SCO -> h + 5 CO 2 

If a gas sample liberates 0384 g 0 // 2 , how many grams of 
CO were present in the sample? 

Solution: 

I 2 O 5 + 5CO -> I 2 + 5 CO 2 

5 mole 1 mole 

5x28.0 g 253.8 g 

253.8 g of iodine liberated when CO is present in the 
sample = 5 x 28 g 

1 g of iodine liberated when CO is present in the sample 

= 5><28 
253.8 ® 

0.384 g of iodine liberated when CO is present in the sample 
= 0.384 = 0.212 g 

Problem 4, Calculate the weight of iron which will be 
converted into its oxide by the action of g of steam. 

[MX.N.R. 1996] 


Solution : 

The balanced equation for the chemical change is: 

3Fe + 4 H 2 O- > FC 2 O 4 + 4 H 2 

3 mole 4 mole 
3 X 56 g 4 x 18 g 

4x18 g of steam convert iron into .Fe 304 = 3 x 56 g 

1 g of steam converts iron into Fe 304 = g 

^ 4x18 

18 g of steam convert iron into Fe 304 ~ ^^^| xl8 g 

= 42g 

Problem 5. Calculate the residue obtained on strongly 
heating 2.76 g Ag 2 CO^. 

Solution: 

The balanced equation for the chemical change is: 

---------Heat------f- 

Ag 2 C 03 ^ 2h.g + CO 2 +2^2 
1 iifioie . 2 mole 

276 g 2 X 108 g 

276 g of Ag 2 C 03 give silver on heating = 216 g 

2,76 g of Ag 2 C 03 give silver on heating = x 2.76 g 

276 

= 2.16g 


^ Limiting Reagent 

In general, when a chemical reaction is carried out, one of 
the reagents will be used in excess of the amount required. The 
reagent that is not present in excess is the one that will deter- 
nndne how much product can be obtained and is thus 
referred to as the limiting reagent. The reagent that gives the 
least number of moles of the product is the limiting reagent. 

With the help of limiting reagent, the amount of the excess 
reagent which has been utilised and the amount remaining 
can be calculated. This can be clearly understood from the 
following problems : 

Problem 6. 100 g sample of calcium carbonate is 

reacted with 70 g of orthophosphoric acid. Calculate : 

(a) the number of grams of calcium phosphate that could 
be produced. 

(b) the number of grams of excess reagent that will 
remain unreacted. 

Solution : 

The balanced equation is : 

3 CaC 03 + 2 H 3 PO 4 -> Ca 3 (P 04)2 + 3 C 02 + 3 H 2 O 

3 mole 2 mole 1 mole 

3(40+12+48) 2(3+31 + 64) (3 x 40 + 2 x 95) 

= 300 g = 196 g = 310 g 

300 g of CaC 03 produce Ca 3 (P 04)2 = 310 g or 1 mole 

310 

100 gofCaCO 3 would produce Ca 3 (P 04)2 = 

= 103 g 
= 0.33 mole 
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196 g of H 3 PO 4 produce Ca 3 (P 04)2 - 310 g or 1 mole 

310 

70 g of H 3 PO 4 would produce Ca 3 (P 04)2 = 

= 110.7 g 
= 0.356 mole 

The above values tell that CaC 03 is the limiting reagent. 
Hence, calcium phosphate formed is 0.33 mole or 103 g. 

For producing 103 g of Ca 3 (P 04 ) 2 , H 3 PO 4 required will be 

=|||x 103= 65.12 g 

Mass of remaining orthophosphoric acid = (70 - 65.12) 

- 4.88 g 

, Problem 7, What is the maximum mass of AliOH^ that 
can be prepared by reaction of 13 A grams of AlCl^ with 10 
grams of NaOH according to the following equation? 
- - Aieh-^^-^NaOH --- 


■Solution--!---- ... ..v.-. 

The balanced equation is: 

AICI 3 + 3NaOH-> A 1 ( 0 H )3 + 3NaCl 

1 mole 3 mole 1 mole 

133.5 g 120 g 78.0 g 

133.5 g of AICI 3 produce Al(OH )3 = 78.0 g 

70 n 

13.4 g of AICI 3 produce Al(OH )3 x 13.4 = 7.829 g 

120 g of NaOH produce Al(OH )3 = 78 g 

70 

10 g of NaOH produce Al(OH )3 10 = 6.5 g 

Hence, NaOH is a limiting reagent. Thus, Al(OH )3 
produced in the reaction is 6.5 g. 

Problem 8« 200 grams of marble chips are dropped into 
100 g c?/ hydrochloric acid. How much chips will remain 
undissolved? What weight of anhydrous calcium chloride and 
what weight of carbon dioxide gas could be obtained from it? 

Solution : 

The balanced equation for the chemical change is : 

CaCOs + 2HC1 -^ CaCl 2 + CO 2 + H 2 O 

1 mole 2 mole 1 mole 1 mole 

mg 73 g 111 g 44 g 

Since marble chips remain undissolved, HCl is a limiting 
reagent. 

73 g of HCl react with CaC 03 = 100 g 
100 g of HCl will react with CaC 03 = x 100 

= 136.986 g 

Weight of chips undissolved = 200-136.986 

=63.014g 

73 g of HCl produce CaCl 2 = 111 g 


100 g of HCl will produce CaCl 2 
73 g of HCl produce CO 2 


~x 100 = 152.05 g 
44 g 
44 


100 g of HCl will produce CO 2 = x 100 = 60.27 g 


^ Calculations Involving Per cent Yield 

In general, when a reaction is carried out in the laboratory 
we do not obtain actually the theoretical yield of the product. 
The amount of the product that is actually obtained is called the 
actual yield. Knowing the actual yield and theoretical yield, the 
per cent yield can be calculated by the following formula: 

Actual yield 

Per cent yield = Theoretical yield 

Problem 9. A 7.8 g sample of C^Hs r^(^cts with excess of 
HAO 3 to produce 9.0 g ofC^^ 02 > What is the per cent yield 
of C^^N 02 in this experiment? 

Solution: 

The balanced equation is : 

QHe + HNO3-> C6H5NO2 + H2O 

1 mole 1 mole 1 mole 


78 g 123 g 

78 g of benzene produce-egH 5 ^N 02 = 123^g - 


123 


i.e 


7.8 g of benzene will produce C 6 H 5 NO 2 = 

= 12.3 g 

theoretical yiel_d of CgHgNOi = 12,3 g 
Actual yield = 9.0 g 
Actual yield 

Per cent yield = Theoretical yield ^ 

9.0 


X 7.8 


12.3 


X 100=73.17 


Problem 10. /f 4.80 g of N 2 F 4 is obtained when 4.00 g 
ofNHj is reacted with 14.0 g of F 2 according to the following 
reaction, 

2 NH 3 + 5 F 2 -> N 2 F 4 + 6 HF 

what is the per cent yield ? 

Solution : 


The balanced equation is : 

2 NH 3 + 5F2- 


N 2 F 4 
1 mole 
104 g 


+ 6 HF 


2 mole 5 mole 
34 g 190 g 

34 g of NH 3 react with fluorine = 190 g 

34 


4 g of NH 3 react with fluorine 

= 22.35 g 

This shows that fluorine is a limiting reagent 
190.0 g of fluorine produce N 2 F 4 = 104.0 g 

14.0 g of fluorine produce N 2 F 4 = x 14,0 

= 7.66 g 

i.e,, theoretical yield = 7.66 g 

Actual yield = 4.80 g 

Actual yield 


Per cent Yield = 


Theoretical yield 
4.80 


xlOO 


7.66 


X 100 = 62.66 
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Successive Reactions 

In such reactions, the products of one reaction are used up 
in one or more subsequent reactions. For solving these 
problems, balanced and molecular equations are written for all 
reactions involved separately. The individual equations are 
multiplied as a whole by suitable factors in order to cancel out 
the products of one reaction which are utilized in the sub- 
sequent reactions. The unknown factors are now equated with 
the known factors and their values are thus determined. 

Problem 11. Find out the weight of calcium carbonate 
that must be decomposed to produce sufficient quantity of 
carbon dioxide to convert 10.6 g of sodium carbonate 
completely into sodium bicarbonate. 

Solution : 

The balanced equati ons aie: __ _ 

(i) ~ CO 2 + H 2 O ^ 2 NaHC 03 

1 mole 1 mole 
106 g 44g 

(ii) CaCOs-> CaO + COj 

1 mole 1 mole 

100 g 44 g 

106 g Na 2 C 03 are completely converted into NaHC 03 by 
44 g of CO 2 . 

10.6 g Na 2 C 03 are completely converted into NaHC 03 by 
CO 2 

= ^xl 0 . 6 = 4.4 g 

From equation (ii), it is clear that, 

44 g of CO 2 is obtained from CaC 03 = 100 g 

4.4 g of CO 2 is obtained from CaC 03 4.4 = 10 g 

Problem 12. From the following reaction sequence, 

C /2 + 2KOH -> KCl + KCIO + H 2 O 

3KCIO -> 2KCI + KOO 2 

4 KCIO 3 —4 KCl + 3 KCIO 4 

calculate the mass of chlorine needed to produce 50 g of 
KCIO4. 

Solution : 

The given balanced equations are: 

[CI 2 + 2KOH-> KCl + KCIO + H 2 O] x 12 

[3KC10 —4 2KC1 + KCIO 3 ] X 4 


4KC10-, 


KCl + 3KCIO4 


Adding I2CI2 + 24 KOH-> 21 KC 1 + 3KCIO4 + I2H2O 

12 mole 3 mole 

12 X 71 g 3 X 138.5 g 

3 X 138.5 g of KCIO 4 are obtainoi by the use of chlorine 
= 12x71 g 

50 g of KCIO 4 will be obtained by the use of chlorine 

12X71 gQ 
3x1385 
= 102.527 g 


Problem 13. 1 gram of pyrolusite was boiled with 

excess of concentrated HCl and the issuing gas was passed 
through a solution of potassium iodide when 127 g of iodine 
were liberated. What was the percentage of pure Mn02 in the 
pyrolusite sample? [Mn = 55; Cl = 35.5; K = 39; 1 =127] 
Solution: 

The following equations are involved in the problem : 

2KI + CI 2 -> 2KC1 + I 2 

Mn02 + 4HC1-^ MnCl 2 ■+* d 2 + 2 H 2 O 

Adding MnOi + 4HC1 + 2KI ^ MnCl 2 + 2KC1 + 2 H 2 O +12 
1 mole 1 mole 

87 g 2 X 127 g 

2 X 127 g of I 2 are obtained from manganese dioxide 

= 87g 

_1^27- 4 of I- 2 ^e~obtained^rGiu m^»ganese”^oxide- 

' ^ . ^ 

___0.435.. inrt A'y 


Percentage of purity of pyrolusite - 

% Composition of Mixtures 


:xl00 = 43.5 


Problem 14. 2.662 grams of a mixture of potassium 
chloride and sodium chloride gave on treatment with silver 
nitrate solution, 5.752 grams cf dry silver chloride. Find the 
percentage composition of the mixture. 

[Na =23; K=39.1; Cl = 35.5; Ag = 108] 

Solution: 

Let X g NaCl be present in the mixture. 

The amount of KCl in the mixture = (2.662 - x) g 
The reactions which occur in the formation of AgCl are: 
(i) NaCl + AgN 03 -> AgCl + NaN 03 


I mole 
143.5 g 

KCl + AgN 03 -> AgCl + KN 03 

1 mole 1 mole 

74,6 g 143.5 g 

58.5 g NaCl give AgCl = 143.5 g 

X g NaCl give AgCl = ^ 

74.6 g KCl give AgCl = 143.5 g 


2.453x'g 


(2.662 - x) g KCl give AgCl 


143.5 X (2.662 -x) 


= (5.12 - 1.924 X) g 

2.453X + (5.12 - 1.924x) = 5.752 

0.5 29x = 0.632 

^ _ 0:^ = 1195 g 
0529 ^ 

The mixture contains NaCl = 1.195 g 

Percentage of NaCl = 44.89 

Percentage of KCl = (100 - 44.89) = 55,11 
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: Problem 15. Determine the percentage composition of a 
mixture of anhydrous sodium carbonate and sodium bicar¬ 
bonate from the following data: 

Mass of the mixture taken = 3.0 g 
Loss in mass on heating = 0.186 g 
[Na = 23; C= 12; 0= 16] 

Solution: 

On heating only sodium bicarbonate will decompose 
according to the following equation:, 

2NaHC03-> Na2C03 + CO2 + H2O 

2 X 84 = 168 g 106 g 
Loss = (168 -106) g = 62 g 

62 g loss occur when sodium bicarbonate heated = 168 g 
0.186 g loss occur when sodium bicarbonate heated 

= ^x0.186 = 0i04 ■ 

oi 

._ ■. . Perce n tage of NaHC 03 = .= 16.8: 

Percentage of anhydrous Na 2 C 03 = (100 - 16.8) 

= 83.2 


Problem 16. A mixture of FeO and Fe ^04 when heated 
in air to constant weight gains 5% in its weight. Find the 
composition of initial mixture. [Fe = 55.8; O = 16] 

Solution: 

Let the total mass of mixture be = 100 g 

Let the mass of FeO be x g and that of Fe 304 will be 
(100 - x) g. Both the oxides on heating are converted into 
Fe 203 according to following equations: 


(i) 

2FeO -t |02 - 

—> Fe 203 


143.6 g 

159.6 g 

(ii) 

2Fe304 4- 2^2 “ 

—> 3Fe203 


462.8 g 

478.8 g 


Mass of Fe 203 produced from x g of FeO = ^^§^8 
Mass of Fe 203 produced from (100 - x) g of Fe 304 

462 . 8 ^^^^ ^ 

Total mass of Fe 203 produced = 105 g 


So, 


159.6 XX 478.8 
143.6 462.8 


(100 - x) = 105 


On solving x = 20.78 

Hence, the initial composition of the mixture is: 
FeO = 20.78% and Fe 304 = 79.22% 


16ii| CALCULATIONS INVOLVING 

MASS-VOLUME RELATIONSHIP 

These calculations are based on the fact that 1 mole or 
1 g molecule of the substance occupies 22.4 litres or 
22400 mL at N.T.P. The following example shows the mass- 
volume relationship : 


CaCOj 4 - 2 HC 1 -> CaCl2 + H2O + CO2 

1 mole 2 mole 1 mole 

100 g 73 g 44 g 

22.4 litre 
or 22400 mL 
at N.T.R 

Volume of a gas at any temperature and pressure can be 
converted into mass or vice-versa with the help of equation, 

Pv i?r 

where w is the mass of the gas, M is the molecular mass and 
R is molar gas constant. 

Problem 17. Calculate the volume of carbon dioxide at 
N.T.P. evolved by strong heating of 20 g calcium carbonate. 

Solution: 

The balanced equation is : 

-----CaCOs—^.-CaO—+—CO2—.. 

._1 mole .1 mole = 22,4 Jte. 

■.. 100 g “ ^ Kf¥ ‘ 

100 g of CaC 03 evolve carbon dioxide = 22.4 litre 

224 

20 g CaC 03 will evolve carbon dioxide = x 20 

= 4.48 litre 

Rroblem 18* Calculate the volume of hydrogen liberated 
at and 760 mm pressure by treating 12 g of magnesium 
with excess of hydrochloric acid. 

Solution : The balanced equation is : 

Mg + 2HC1-> MgCla + Ha 

1 mole 1 mole 

24 g 22.4 litre 

at N.T.P. 

24 g of Mg liberate hydrogen = 22.4 litre 

22 4 

1.2 g Mg will liberate hydrogen = x 1.2 

= 1.12 litre 

Volume of hydrogen under given condition can be 
calculated by applying, 

T, T, 

Pi = 760 mm Po = 7®) mm 

Ti = 273 K 72 = (27 + 273) = 300K 

Vt = 1.12 litre V 2 = ? 

■ Problem 19* What quantity of copper (11) oxide will react 
with 2.80 litre of hydrogen at N.T.P? 

Solution : 

The balanced equation is : 

CuO + H 2 -> Cu + H 2 O 

1 mole 1 mole 

79.5 g 22.4 litre 

at N.T.P. 

22.4 litre of hydrogen at N.T.P. reduce CuO = 79.5 g 
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2.80 litre of hydrogen at N.T.P. will reduce CuO 

= |||x2.80g=9.94g 

Problem 20, 10 grams of a sample of potassium chlorate 

gave, on complete decomposition, 2.24 litre of oxygen at KTP, 
What is the percentage purity of the sample of potassium 
chlorate? 

Solution t 

The balanced equation of the decomposition is: 

2 KCIO 3 ->2KC1 + 3 O 2 

2 mole 3 mole 

245 g 3 X 22.4 litre 

at NXP. 

3 X 22.4 litre of oxygen obtained from KCIO 3 = 245 g 

_ ... ^ ^ ^ 

2,24 litre of oxygen obtained feom KC 103 . = ^ 22 4 ^ 2.24 

= 817 g 

10 g of sample contains pure KCIO 3 = 817 g 

817 

Percentage purity of the sample =”“Xl00= 81.7 

Problem Ih What volume of hydrogen at KTR would 
be liberated by the action of zinc on 50 mL dilute H 2 SO 4 , of 
40% purity and having specific gravity of 13. [Zn = 63.5] 

Solution: 

Mass of 50 mL dilute H 2 SO 4 = volume x specific gravity 

= 50 X 13 = 65 g 

100 g of dilute H 2 SO 4 contain = 40 g H 2 SO 4 

40 

65 g of dilute H 2 SO 4 contain 65 - 26 g 

The reaction involved is: 

Zn + H 2 SO 4 -> ZnS 04 + H 2 

1 mole 1 mole 

98 g 22.4 litre 

at N.T.P 

At N.T.P. 98 g H 2 SO 4 liberate hydrogen with zinc 
= 22.4 litre 

At N.T.P 26 g H 2 SO 4 will liberate hydrogen with zinc 

72 4 

= ^x 26litre =5.94 litre 

Problem 22. At flash bulb used for taking photograph in 
poor light contains 30 mL of oxygen at a pressure oflW mm 
at 27°C. Supposing that the initial wire flashed is pure 
magnesium which is oxidised to magnesium oxide in the process 
of flashing, calculate the minimum mass of magnesium wire 
that is to be needed for maximum efficiency. 

Solution: 

If V is the volume of oxygen at N.T.P, then 

760xV ^ 780x30 
273 300 

V = 28 mL 

Mass of 22400 mL of oxygen at N.T.P. = 32 g 
' 82 

Mass of 28 mL of oxygen at N.T.P. = x 28 = 0,04 g 


The reaction involved is : 

2Mg +■ O 2 -> 2MgO 

2 X 24 g 32 g 

32 g oxygen oxidise magnesium = 2 x 24 g 

2 x 24 

0.04 g oxygen oxidise magnesium = x 0.04 = 0.06 g 


IfiS CALCULATIONS INVOLVING 

VOLUME-VOLUME RELATIONSHIP 


These calculations are based on two laws: 

(i) Avogadro’s law and (ii) Gay-Lussac’s law. 

For example, 

2NO +02 = 2 NO 2 (Avogadro’s law) 

2 mole 1 mole 2 mole 

_2 X 22 .4 litre 22.4 li tre_2„X-_22.4..Jitre--- 


(Under simi lar eolations of temperature and pressure, e^ 
moles of gases occupy equal volumes.) 
or 2NO + O 2 = 2 NO 2 (Gay-Lussac’s law) 

2 vol 1 vol 2 yol 

(Under similar conditions, gases react in simple ratio of 
their volumes.) . . .. ..— 

j^obietn 23. What volume of oxygen gas at N.T.P. is 
necessary for complete combustion of 20 litre of propane 
measured at 21°C and 760 mm pressure? 

Solution: 

The balanced equation is ; 

C3H8 + 5O2 = 3CO2 + 4H2O 

1 vol 5 vol 

1 litre 5 litre 


1 litre of propane required = 5 litre of oxygen 


20 litre of propane will require = 5 x 20 

= 100 litre of oxygen at 760 mm and 27'^C. 
This volume will be converted to N.T.P. conditions. 

Given conditions, 


Pi ~ 760 mm P 2 = 760 mm 

Ti = (27 + 273)K = 300 K T 2 = 273 K 
Vi = 100 litre V 2 = ? 


. 760x100 273. 
300 760 


= 91.0 litre 


^obiem 24, One litre of a mixture of carbon monoxide 
and carbon dioxide is passed through a tube containing red hat 
charcoal The volume now becomes 1.6 litre. Volumes are 
measured under similar conditions. Find the composition af 
gaseous mixture. 

Solution: 

When the mixture is passed over red hot charcoal, carbon 
dioxide present in the mixture is reduced to carbon monoxide. 
Thus, increase in volume is due to formation of CO from CO^* 
The desired equation is : 

CO 2 + C = 2CO 

1 vol 2 vol 
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Let X litre of CO 2 be present in the mixture, the volume of 
carbon monoxide in the mixture = (1 - x) lit. x volume of CO 2 
produce 2x volume of CO. 

Total volume of CO =2x+l-x=l+x 
= 1.6 litre (given) 

So, X = 0.6 litre 

Volume of CO 2 in the mixture = 0.6 litre 
Volume of CO in the mixture = (1 - 0.6) = 0.4 litre 

Problem 25. 1 litre of oxygen at N.T.P, is allowed to react 

with three times of carbon monoxide at KTR Calculate the 
volume of each gas found after the reaction. 

Solution : The desired equation is : 

2CO + 02 = 2C02 

2 vol 1 vol 2 vol 

or 1 litre of O 2 reacts with 2 litre of CO- 

Thus, 1 litre of CO remains unreacted. 

1 vol of O 2 produces CO 2 = 2 vol 
or 1 litre of O 2 will produce CO 2 = 2 litre 

Thus, gaseous mixture after the reaction consists. 

Volume of CO = 1 litre 
Volume of CO 2 = 2 litre 

Problem 26. The percentage by volume of in a 
mixture of CH^ and CO is 36.5. Calculate the volume 
of CO 2 produced when 100 mLofthe mixture is burnt in excess 
of O 2 . 

Solution : 

The desired balanced equations are : 

CsHg + 5O2-> 3CO2 + 4H2O 

1 vol 3 vol 

CH4 + 202 —> CO2 + 2H2O 

r vol 1 vol 

CO + I 02 -> CO 2 

1 vol 1 vol 


mixture is reduced to 90 mL with turpentine oil, Le., 10 mL 
of ozone is present in 100 mL of the mixture, 

1 L of mixture consists ozone =100 mL 
1 L of mixture consists oxygen = 900 mL 
Let the molecular mass of ozone be M. 


M^s of 100 mL of ozone 
Mass of 900 mL of oxygen 


^ V 1 no = ^ 

22400 224^ 


32 

22400 


x900 


g 


So, 

or 

or 


224 7 

M + 288 = 336 
M = 336 


288 = 48 


Problem 28. A gas mixture of 3 litre of propane (C-^Hf^) 
^nd butane {C 4 H 10 ) oncomplete cbmbusiidfrdi25’^C produced 
10 litre CO 2 . Find out the conipidsition of gas rnuMter 

[M.L.N.R. 1992] 

Solution: 

Let a litre of C 3 H 8 and b litre of C 4 H 10 be present in 
mixture. 

a + b = 3 ... (i) 

C3H8 + 5O2-^ 3CO2 + 4H2O 

1 vol 3 vol 

C4H10 +y 02 —> 4CO2 + 5H2O 

1 vol 4 vol 

CO 2 formed by CsHg = 3a 
CO 2 formed by C 4 H 10 = 4b 

3a + 4b =10 ... (ii) 

Solving equations (i) and (ii), 

a = 2 litre 
b = 1 litre 


Some Miscellaneous W 



Let a mL of C 3 Hg, b mL of CH 4 and c mL of CO be present 
in 100 mL of mixture, theri 

a + ib + c = 100 
Given a = 36.5 mL 

So, + c = (100 - 36.5) = 63.5 mL 

Volume of CO 2 formed = (3a + b c) 

= (3 X 36.5 + 63.5) mL 
= 109.5+ 63.5 = 173.0 mL 
Problem 27. The weight of one litre of ozonised oxygen 
at KTP, was found to be 1.5 g* When 100 mL of this mixture 
at N,TP, were treated with turpentine oft the volume was 
reduced to 90 mL Hence, calculate the molecular mass of 
ozone, 1996] 

Solution : 

Ozone is absorbed by turpentine oil. 100 mL of ozonised 


Problem 29. An impure sample of calcium carbonate con¬ 
tains 80% pure calcium carbonate, 25 g of the impure sample 
reacted with excess of hydrochloric acid. Calculate the volume 
of carbon dioxide at N.T.P obtained from this sample. 

Solution : 

100 g of impure calcium carbonate contains 

= 80 g pure calcium carbonate 

25 g of impure calcium carbonate sample contains 

= 100 

= 20 g pure calcium carbonate. 

The desired equation is : 

CaCOs + 2HC1 = CaCl 2 + CO 2 + H 2 O 

1 mole 22.4 litre 

100 g at N.T.P. 

100 g pure CaCOs liberate = 22.4 litre CO 2 
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22.4 


x20 


20 g pure CaCOs liberate - jqq 

= 4.48 litre CO 2 

Problem 30- A sample of hydrochloric acid contains 20% 
hydrochloric acid by weight. How much of this acid in grams 
is requiredfor complete reaction with 50 g of calcium carbonate ? 

Solution: 

The desired balanced equation is ; 

CaCOg + 2HC1 = CaCl 2 + H 2 O + CO 2 

1 mole 2 mole 
100 g 73 g 

100 g of CaC 03 require = 73 g HCl 
50 g of CaC 03 will require = j^x50 


(0 


IKCIO^ -> 2KCI + 302 


= 36.5 g HCl 

20 g of HCl is present in - 100 g sample 

36.5 g of HCl is present in = 365 g sample 

= 182.5 g sample 

Thus, 182.5 g of HCl sample is required for complete re~ 
action with 50 g of calcium carbonate. 

Problem 31. A mixture of aluminium and zinc weighing 
1.67 g was completely dissolved in acid. 1.69 litre of hydrogen 
measured at 0°C and 1 atm. pressure was evolved. What was 
the weight of aluminium in the mixture? 

Solution : Let the mixture contain aluminium x g. 

The mixture contains zinc = (1.67 - jc) g 
Suppose the mixture is dissolved in H 2 SO 4 . 

2 A 1 + 3 H 2 SO 4 = Al2(S04)3 + 3 H 2 T 

2 X 27 g 3 X 22.4 litre 

at N.T.R 

2 X 27 g A1 will evolve hydrogen = 3 x 22.4 litre 

3 X 22 4 

x gAl will evolve hydrogen = litre 

Zn + H 2 SO 4 -> ZnS 04 + H 2 

65 g 22.4 litre 

at N.T.P. 

65 g of zinc evolve hydrogen = 22.4 litre 
So, (1.67 - x) g of zinc will evolve hydrogen 

22.4 


Thus, 


or 


3x22.4 

^22.4 

(1.67 - 

2x27 


67.2 

22.4 


54 ^ 

65 ^ “ 

i.oy — 


X = 

: 1.24 


65 

) = 1.69 

22. 4x167 
65 


(1.67 ~ x) litre 


Weight of A1 in the given mixture = 1.24 g 

Problem 32. A 1.00 g sample ofKClO^ was heated under 
such conditions that a part of its decomposed according to the 
equation 


and the remaining underwent change according to the 
equation, 

(ii) 4KClOs -> 3 KCIO 4 + KCl 

If the amount of oxygen evolved was 146.8 mL at S.T.R, 
calculate the percentage by weight of KCIO 4 in the residue. 

Solution: 

2 KCIO 3 -> 2KC1 + 3 O 2 

2(39 + 35.5 + 48) 2(39 + 35.5) 3 x 22.4 litre 

245 g 149 g 67.2 litre 

67.2 litre of oxygen is evolved from = 245 g KCIO 3 

0.1468 litre of oxygen will be evolved from 

---245- 


67,2. 


X 0.1468 - 0.5352 g KCIO 3 


Hence, KCIO 3 left for (ii) reaction. 

(1.00 - 0.5352) = 0.4648 g 
245 g KCIO 3 yield KCl = 149 g 

0.5352 g.KClOs will yieId.KCl = ^ . x 0.5352 g- 

= 0.3254 g 

Considering equation (ii), 

4 KCIO 3 -> 3 KCIO 4 + KCl 

4(39 + 35.5 + 48) 3(39 + 35.5 + 64) (39 + 35.5) 

490 g 415.5 g 74.5 g 

490 g KCIO 3 yield = 415.5 g KCIO 4 

0.4648 g KCIO 3 will yield x 0.4648 

= 0.3941 g KCIO 4 
490g KCIO 3 yield = 74.5 g KCl 

0.4648 g KaOj will yield = ^ x 0.4648 

= 0.0707 g KCl 

Total weight of residue = 0.3254 + 0.3941 + 0.0707 
= 0.7902 g 
0.3941, 


KCIO4 = 


:Xl00 = 49.8 


^4 - 0.7902' 

Piublem 33. 1 g Mg is burnt in a closed vessel which 
contains 0.5 g of O 2 . 

(i) Which reactant is left in excess? 

(ii) Find the weight of the excess reactant 

Solution: 

The desired chemical equation is : 

2Mg + O 2 -> 2MgO 

48 g 32 g 

48 g of Mg react with oxygen = 32 g 

32 

1 g of Mg would react with oxygen = ^ = 0.67 g 

However, only 0.5 g of O 2 is present. Hence, whole of Mg 
is not burnt and a part of left unreacted. 
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32 g of oxygen react with magnesium = 48 g 

48 

0.5 g of oxygen would react with magnesium = ^ = 0.5g 

= 0.75 g 

Mass of magnesium left unreacted = (1.0 - 0.75) g 

= 0.25 g 

Problem 34. 5 g of K 2 SO 4 were dissolved in 250 mL of 
solution. How many mL of this solution should be used so that 
12 g of BaS 04 may be precipitated from BaCl 2 solution? 

Solution: 

The desired equation is : 

BaCl 2 + K 2 SO 4 -> BaS04 + 2KC1 

2 X 39 + 32 + 64 137 + 32 + 64 

= 174 g = 233 g 

- 233 g~t)f~BaS 02 |ris~obtained from = 174^g of K 2 SO 4 - 

174, 


Mass of lead nitrate in mixture = 3.32 g 
Mass of sodium nitrate in mixture = (5 - 3.32) g 

= 1.68 g 

.Problem 36. A mixture of formic acid and oxalic acid is 
heated with cone. H 2 SO 4 . The gas produced is collected and 
on its treatment with KOH solution the volume of th^ gas 
decreases by one sixth. Calculate the molar ratio of the two 
acids in the original mixture. [Roorkee 1990] 

Solution: 

The reactions of the acids may be represented by the following 
equations : 

HCOOH + H2SO4-> CO + H2SO4 H2O 

1 mole 1 mole 

_JH2C2D^JH2SQz^=>_CD_^C^ 


1.2 g of BaS 04 will be obtained from = 

= 0.8961 g of K 2 SO 4 

5 g of K 2 SO 4 is present in 250 mL of solution. 

250 

So, 0.8961 g of K 2 SO 4 will be present in 0.8961 

= 44.8 mL of solution 
: Problem 35. A 5.0 g mixture of lead nitrate and sodium 
nitrate was heated below 600^^0 until the mass of the residue 
was constant. If the loss of mass is 2S%, find the mass of each 
component in the original mixture. [Pb = 207; A^= 14; O = 16; 
Na = 23] [I.I.T. 1990] 

Solution: 

Let the mass of Pb(N 03)2 in the mixture be x g. 

The mass of sodium nitrate = (50 - x) g 
The desired reactions in the problem are : 

2Pb(N03)2-> 2PbO + 4 NO 2 + O 2 

662 g 446 g 

2 NaN 03 -> 2 NaN 02 + O 2 

170g 138g 

28 

Loss in mass is 28% of 5 g l-*^ S 

Mass of residue left = (5 - 1.4) = 3.6 g ... (i) 

662 g lead nitrate produce on heating PbO = 446 g 

446 

jc g lead nitrate would produce on heating PbO = x xg 

Similarly, 170 g NaN 03 produce NaN 02 on heating = 138 g 

138 

(5.0 -x) g NaN 03 produce NaN 02 on heating = x (5 - x) 
Total residue after heating 

Equating (i) with (ii), 


446 , 138.;. 

5j2^ + I^(5-*) = 3,6 


1 mole 1 mole 1 mole _ 

Let the tbt^ volume of the gas collected be F litre. Oh 
passing through KOH solution, CO 2 is absorbed and the 
volume of the gas decreases by one sixth. 

y 

Volume of CO 2 in the mixture = 

V 5V 

Volume of total CO = V—^ = -f- 

o o 

Volume of CO produced from H 2 C 2 O 4 = V /6 
Volume of CO produced from HCOOH = ^ | ^ 

4V 1 

Moles of CO produced from HCOOH = ^ 2 ^ 

Moles of CO produced from H 2 C 2 O 4 “ ^ ^ 2 ^ 

Thus, 

Moles of HCOOH _ Moles of CO produced from HCOOH 
Moles of H 2 C 2 O 4 Moles of CO produced from H 2 C 2 O 4 


4F.. 1 


_ 6 


22.4 ^ 4 
1 1 


On solving, 


X = 3.32 


6 22.4 

The formic acid and oxalic acid in the original mixture are 
in the mol^ ratio of 4 : 1. 

Problem 37. Chlorine gas can be produced in the 
laboratory by the reaction, 

K2Cr20'j + UHCl -> 2KCI + 2CrCh + IH 2 O + 3C/2 

if a 61.3 g sample that is 96% K 2 Cr 20 'j is allowed to react 
with 320 mL of hydrochloric acid solution having a 
density 1.15 g mL~^ and containing 30% HCl by mass, what 
mass of CI 2 is generated? 

Solution: 

The desired equation is: 

K2Cr207 + UHCl-> 2KC1 + 2CrCl3 + 7 H 2 O + 3Cl2 

294 g 14 X 36.5 g 3 x 71 g 

Mass of K 2 Cr 207 =^x61.3= 58.848 g 
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Mass of HC1= jgg X 320 X 1.15 = 110.4 g 
294 g K 2 Cr 207 react with HCl = 511.0 g 
58.848 g K 2 Cr 207 would react with HCl = 294 Q ^ 58.848 g 

= 102.28 g 

Thus, K 2 Cr 207 is a limiting reagent whereas HCl is present 
in excess. 

294 g K 2 Cr 207 produce chlorine = 3 x 71 g 
58.848 g K 2 Cr 207 would produce chlorine = x 58.848 g 

= 42.63 g 

Problem 38. Gasteric juice contains 3.0 g HCl per litre. 
If a person produces 2.5 litre of gasteric juice per day, how 
many antacid tablets containing 400 mg ofAl(OH)^ a re n ee ded 
to neutralise alf the acid produced per da^ 

'"""“Sbluttoni .^ 

2.5 litre of gasteric juice contain HCl = 2.5 x 3 = 7.5 g 
The desired equation is : 

A 1 ( 0 H )3 + 3HC1-> AICI 3 + 3 H 2 O 

1 mole 3 mob 

..... ~ T8 g™ 3 X SlTg " 

3 X 36.5 g HCl is completely neutralised by 78 g Al(OH )3 
7.5 g HCl would be completely neutralised by Al(OH )3 

70 

""3x365^^’^ ® 

5 342 

No. of tablets of Al(OH )3 = = 13.36 - 14 

Problem 39. A mixture of 20 mL of CO, CH^ and N 2 was 
burnt in excess of oxygen resulting in reduction 0 / 13 mL by 
volume. The residual gas was then treated with KOH 
solution to show a contraction of 14 mL in volume. Calculate 
volume of CO, CH 4 and N 2 in mixture. All measurements are 
made at constant pressure and temperature. [I.LT, 199S] 
Solution: 

Let 'a' mL CO, 'F mL CH 4 and ‘c’ mL N 2 be present in the 
gaseous mixture. 

a + + c = 20 mL ... (i) 

The desired reactions are : 

CO' + |o 2 -> CO 2 

1 vol 1/2 vol 1 vol 

'a’ vol *a72 vol ‘a’vol 

CH4 + 202 —> CO2 + 2H2O 

1 vol 2 vol 1 vol 

vol *2^’ vol ‘l>’vol 

CO 2 is absorbed by KOH. 

Thus, a + if = 14 mL (ii) 

From equations (i) and (ii), c = 6 mL, i.e., N 2 in mixt. 
= 6 mL 

a + b + c + vol. of O 2 taken - vol. of O 2 left - (a + b) - c 

= 13 mL 

or vol. of O 2 taken - vol. of O 2 left =13 mL 


or vol. of O 2 used =13 mL 

or 1+ 2b = 13mL 

or a + 4^ = 26 mL ... (iii) 

Solving equations (ii) and (iii), 

a = 10 mL, b = 4 mL 

Vol. of CO = 10 mL; vol. of CH 4 = 4 mL; vol. of nitrogen 
= 6 mL. 


Problem 40. A mixture of ethane {C 2 H^) and ethene 
{C 2 H 4 ) occupies 40 litre at 1.00 atm. and at 400 K. The 
mixture reacts completely with 130 g of O 2 to produce CO 2 and 
H 2 O. Assuming ideal gas behaviour, calculate the mole 
fractions of C 2 H 4 and CjH^ in the mixture. [I.LT. 1995] 
Solution i 

-^Afelttme"trf^aseousmiixtOTe~at"N;T.Prc0nditfo 


- 400 1 “ 


213 litre 


Let 'x' litre of C 2 H 4 and (27.3 - x) litre of C 2 H 6 be present 
in the mixture. 


Mole fraction of C 2 H 4 = 2 ^ 

27.3-X 


Mole fraction of C 2 H 6 
The desired equations are : 


C 2 H 6 
1 vol 


C 2 H 4 + 302 
1 vol 3 vol 
‘x* vol *3x’ vol 

+ 


27.3 
2 CO 2 + 2 H 2 O 


|02 


2 CO 2 + 3 H 2 O 


7/2 vol 

(27.3 - jc) vol 7/2 (27.3 - 4 vol 
Total volume of oxygen used 


= -{3x + |(27.3-x)Utm 


Mass of oxygen used: 


(1^213-x) 
2 X 22.4 

130 


x32 


(7x27.3-x) 

1.4 

or 191.1 -x= 130 X 1.4 

x= 9.1 

Mole fraction of C 2 H 4 0.33 


(Given) 


Mole fraction of C 2 H 6 = ^'^27 3 ^ 

Probtem 41. Equal masses of mercury and iodine are 
allowed to react completely to form a mixture of mercurous and 
mercuric iodides: Calculate the ratio of the masses of mercurous 
and mercuric iodides formed. [/ = 127; Hg = 201] 

Solution l The required equations are : 


Hg 

+ I 2 - 

Hgl 2 

201 g 

254 g 

455 g 

2Hg 

+ I 2 — 

Hg 2 l 2 

402 g 

254 g 

656 g 
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: Problem 48. A precipitate of AgCl and AgBr weighs 
0.4066 g. On heating in a current of chlorine, the AgBr is 
converted to AgCl and the mixture loses 0.0725 g in mass. 
Find the percentage of chlorine in the original mixture. 

Solution: 

Let the masses of AgCl and AgBr in the original mixture be 
‘a’ gram and *&’ gram respectively. 

a + h = 0.4066 ...(i) 

AgBr AgCl 

188 g 143.5 g 

188 g AgBr changes to 143.5g AgCl 
1435 

‘b’ g AgBr changes to =" 2 ^ x ^ g AgCl 


Total mass of AgCl after conversion 

1435 , 

= a +-rss-x b 


or 


188 

^ 1435& 

a + .:. 5 q. = 0.3341 


188 

Solving eqs. (i) and (ii), 

a = 0.1007 g 
b = 0.3059 g 

Percentage of chlorine in the original mixture 

. 355x0.1007x100 
1435 x 0.4066 


(0.4066 - 0.0725) 

...(ii) 


= 6.13 



PRACTICE PROBLEMS 



■ Subjective Type Questions 

!• 13.4 g of a sample of a salt Na 2 S 04 -;cH 20 was found to 
contain 6,3 g of water. Determine the number of molecules of 
water of crystalMsation. 

[Ans. 7 water molecules] 

2* How much potassium chlorate is needed to obtain 2.4 litre 
oxygen at N,T.R? 

[Ans, 8.75 g] 

3* Calculate the volume of carbon dioxide obtained at N.T.P, by 
heating 8.4 g of sodium bicarbonate. 

[Ans. 1.12 litre] 

4 Calculate the volume of air needed for the combustion of 
1 kg of carbon. 

[Hint j 1(X) parts of air contain 21 parts of oxygen by volume.] 
[Ans. 8888.9 litre] 

5, What weight of chalk containing 60% CaCOs would be 
required for obtaining 200 litres of CO 2 at N.T.P, ? 

[Ans. 1.488 kg] 

6 . How many grams of oxygen will be formed by the action of 
12 g of sodium peroxide on water? Calculate also the volume 
of the gas at N.T.P. 

[Ans. 2.462 g, 1.7234 litre] 

7f Calculate the weight of lime (CaO) that can be obtained by 
heating 200 kg of limestone which is 93% pure. 

[Ans. 104.16 kg] 

8 » What weight of zinc will react with dilute H 2 SO 4 to liberate 
1000 mL of hydrogen at 2TC and 750 mm pressure? 

[Zn = 65] 

[Ans. 2.6 g of zinc] 

9, What weight of AgCl will be precipitated when a solution 
containing 4.77 g of NaCl is added to a solution of 5.77 g of 
AgNOs? 

[Hint J AgN 03 is the limiting reagent in this problem.] 

[Ans. 4.87 g AgCl] 

10 , How much of iron can be theoretically obtained by the 
reduction of I kg of Fe 203 ? [Fe = 56] 

[Ans. 700 g] 


lit Caustic soda is often prepared commercially by the reaction 
of Na 2 C 03 with slaked lime, Ca(OH) 2 . How many gmms of 
NaOH can be obtained by treating 2 kg of Na 2 C 03 with 

Ca(OH) 2 ? ... 

[Ans. 1.51 kg] 

12t Most of the commercial hydrochloric acid is prepared by 
heating NaCl with concentrated H 2 SO 4 . How much sulphuric 
acid containing 90% H 2 SO 4 by weight is needed for the 
production of 1 kg of concentrated hydrochloric acid con¬ 
taining 42.0% HCl by weight? 

[Hint ! Amount of pure HCl in 1 kg of 42.0% acid is 0.42 kg. 
Determine the H 2 SO 4 required to produce 0.42 kg HCL It 
comes to 0.564 kg. Finally, determine the H 2 SO 4 solution 
containing 90% H 2 SO 4 .] 

[Ans. 0.6266 kg H 2 SO 4 solution] 

13, Iodine can be made by the reaction, 

2 NaI 03 + SNaHSOs ^ 3 NaHS 04 + 2 Na 2 S 04 + H 2 O +12 
To produce 2 kg of icxiine, how much NadOs how much 
NaHSOs must be used ? ' 

[Ans. 3 .12 kg NalOa, 4.10 kg NaHSOal 

14, The reduction of Cr 203 by A1 proceeds quantitatively on 
ignition by a suitable fuse. 

2A1 + CriOa-> AI 2 O 3 + 2Cr 

How much metallic chromium can be made by bringing to 
reaction temperature a mixture of 5.0 kg A1 and 20 kg Cr 203 . 
Which reactant remains at the completion of the reaction and 
how much? 

[Ans. 9.6 kg chromium; 5.9 kg Cr 203 ] 

15. 10 g of FeS is treated with dilute H 2 SO 4 and liberated gas is 
passed through an aqueous solution of CdCl 2 . The amount 
of cadmium sulphide precipitated is 14.4 g. Calculate the 
percentage purity of FeS. [Fe = 56; Cd = 112] 

[Ans. 88 % purity] 

16. 50 mL of a mixture of CO and H 2 gave 20 mL of CO 2 after 
combustion in excess of air. Determine the percentage of CO 
by volume in the mixture. 

[Ans. 40%] 






Stoichiometry {Calculations Based on Chemical Equations) 

17* A colourless gas bums with a blue flame and reduces hot 
copper oxide to copper. When burnt in oxygen, it produces 
a gas which turns lime water milky. Calculate the volume of 
the gas at lOO'^C and 1.5 atm. pressure when 50 mL of oxygen 
at N.T.R is required for complete combustion. 

[Ans. The gas is CO, volume = 91.08 mC] 

18* What volume of hydrogen measured at 2TC and 776.7 mm 
pressure would be obtained by treating 1.3 g of pure zinc 
with excess of hydrochloric acid. Aqueous tension at 2TC 
is 26.7 mm. [Zn = 65] 

[Ans. 498.86 mL] 

19. 34 g of pure H 2 O 2 is decomposed. Calculate the weight and 
volume at N.T.R of oxygen that will be evolved. 

[Ans. 16 g, 11.2 litre] 

20. 6 g of an iinpure sample of KCIO 3 gave L9 g of oxygen on 
strong heating in presence of a catalyst. What is the per- 

.—---centage-puri^^The^-ssunpleSL----- 

[Ans. Percentage purity = 80.9] 

21. Find the percentage composition of iron and magnesium, 
5.0 g, which when dissolved in acid, gave 2.81 litre of H 2 at 
N.T.P.[Fe = 56;Mg = 24] 

[Ans. Fe = 69.60%; Mg = 30.40%] 

22 . 10 g of an alloy of aluminium and magnesium is treated with 
excess of dilute HCl. The evolved hydrogen collected over 
mercury at 0®C has a volume of 1.2 litre at 0.29 atm. pressure. 
Calculate the percentage composition of the alloy. 

[Al = 27;Mg = 24] 

[Ans. A1 = 54.87%; Mg = 45.13%] 

23. A mixture of calcium and magnesium carbonates weighing 
1.4 g was strongly heated until no further loss of weight was 
perceived. The residue weighed 0.76 g. What percentage of 
MgC 03 was present in the mixture? 

[Ans. 20.45%] 

24. A mixture of Nal and NaCl gave with H 2 SO 4 , Na 2 S 04 equal 
in weight to the original mixture taken. Find the percentage 
composition of the mixture. 

[Hint : 2NaI + H 2 SO 4 - > Na 2 S 04 + 2HI 

2xl50g 142g 

2NaCr+ H 2 SO 4 -> Na 2 S 04 + 2HC1 

2x58.5g 142 g 

Let 100 g of the mixture be taken 'a' g Nal and (100 - a) 
g NaCl are present. Quantity of Na 2 S 04 formed is: 

|gxa + |^(100-a) = 100] 

[Ans. 28.86% Nal; 71.14% NaC]] 

25. How much potassium chlorate must be strongly heated to 
get as much oxygen as would be obtained from 10.8 g of 
mercuric oxide? [K = 39; Cl = 35.5; Hg = 200] 

[Ans. 2.04 g KCIO 3 ] 

26. What will be the ratio of the yields of hydrogen prepared by 
the action of (i) dilute HCl and (ii) super-heated steam on 
the same amount of metallic iron? 

[Ans. The ratio is 3 : 4.] 
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27. How many grams of cupric oxide will be completely reduced 
by hydrogen gas produced from 6.53 g of zinc by boiling it 
with excess of NaOH solution? [Zn = 65.3; Cu = 63.5] 

[Hint: The required reactions are; 

Zn + 2NaOH-> NaaZnOj + H 2 

65.3 g 2 g 

CuO + > Cu + H 2 O] 

79.5 g 2g 
[Ans. 7.95 g] 

28. 6 grams of an impure sample of NH 4 CI were boiled with ex¬ 
cess of alkali till all the ammonia was released. The issuing 
gas was completely neutralised by 20 mL of a dilute H 2 SO 4 
solution of specific gravity 1.16 and containing 22.19% of 
H 2 SO 4 by weight in it. What is the percentage purity of the 
sample of ammonium chloride? 

[Hint s Amount of H 2 SO 4 = ~|^x20xU6 = 5.148g 

lUU 

The required equations are : 
^ 3 ^TTl 2 TO 4 ^=^(Nl 5 ) 2 S 04 

34 g- .98 g 

NH 3 neutralised by 5,148 g H 2 SO 4 = || x 5.148 = 1.786 g 

NH 4 CI + NaOH-> NH 3 + NaCl + H 2 O 

53.5 g 17 g 

NH 4 CI required to produce 1.786 g NH 3 = x 1.786 

= 5.62g 

Percentage purity = x 100 = 93.67] 

29. 0.5 g of pyrolusite (naturally occurring Mn 02 ) were boiled 
with excess of cone. HCl and the issuing gas was passed 
through a solution of potassium iodide, when 0.635 g of 
iodine were liberated. What was the percentage of pure 
Mn 02 in the pyrolusite sample ? [Mn = 55; Cl = 35.5; K=39; 
1=127] 

[Hint : Required equations are : 

MnOs + 4HC1-> MnCl 2 + 2 H 2 O + CI 2 

CI 2 + 2 KI-> 2 KCI + I 2 ] 

(Ans. 43.5] 

30. A mixture of cuprous oxide (CU 2 O) and cupric oxide (CuO) 
was found to contain 88 % copper. Calculate the amount of 
each oxide in 5 g sample of the mixture. [Cu = 64] 

[Hint : Let a g of Cu 20 and (1(X) - a) g of CuO be present in 
100 g of the mixture. The required equations are: 

CuoO + C —> 2Cu + CO 

144 g 128 g 

CuO + C- > Cu + CO 

80 g 64 g 

f||x« + |J(100-«) = 88 (Given) 
a = 90 

re., CU 2 O = 90 g and CuO = 10 g] 

[Ans. CU 2 O = 4.5 g; CuO = 0.5 g] 

31. 10 mL of a gaseous hydrocarbon were burnt completely in 
80 mL of O 2 at N.T.R The remaining gas occupied 70 mL at 
N.TR. The volume becomes 50 mL on treatment with KOH. 
What is empirical formula of hydrocarbon? 
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[Hint : + (j: + y/4)02 -> JtC02 + y/ZHiO 

1 vol (x + y/4) vol X vol yH vol 

10 mL lOC3£‘+>?/4)mL lOxmL zero 

CO 2 produced = (70 50) = 20 mL 

Unreacted oxygen = 50 mL 
Oxygen used - 30 mL 
So, lOx = 20 or X = 2 

lo|^jc + |j = 30 

or X + ^ = 3 or | = 1 or y = 4] 

[Ans. C 2 H 4 ] 

32. Find the resultant volumes measured at the same tempera¬ 
ture and pressure when (i) 10 mL of carbon monoxide are 
exploded with 25 mL of oxygen and (ii) 10 mL of oxygen are 
exploded with 25 mL of carbon monoxide. 

[Ans. (i) O 2 = 20 mL, CO 2 = 10 mL, 

(ii) CO = 5 mL, CO 2 = 20 ml J 

-33i— 12 ^BL^f-a gaseous hy^oearben-are ^^oded witihrexcess— 

- of oxygen. The contraGtiGnobseiwedJs 30 

with a solution of KOH, there is further contraction of 24 
mL. What is the molecular formula of the hydrocarbon? 

[Ans. C 2 H 6 ] 

34. 500 mL of a hydrocarbon burnt in excess of oxygen, yield 
2500 mL of CO 2 and 3.0 litre of water vapours. All the vol¬ 
umes being measured at the same temperature and pressure. 
What is the formula of the hydrocarbon? 

[Ans. C 5 H 12 ] 

35. Ca(0H)2 + 2NH4CI=CaCl2 + 2NH3 + 2H20 

Find from the above equation the amount in grams of NH 4 CI 
required to produce 2.024 litre of NH 3 at 750 mm pressure 
and 0°C. Also find the weight of CaCl 2 produced. 

[Ans. 4.78 g NILCl; 4.96 g CaClJ 

36. ,1.4 g of a sample of marble (CaC 03 ) containing silica as 
impurity, gave 282 mL of carbon dioxide at 15°C and 767 mm 
pressure, when treated with excess of dilute HCl. Calculate 
the percentage of impurity in the sample. 

[Ans. Percentage of impurity =14] 

37. 60 mL of a mixture of carbon monoxide and hydrogen were 
mixed with 40 mL of oxygen and the mixture was exploded in 
an eudiometer. After cooling, the volume was found to be 30 
mL. Find the composition of the original mixture. (Volumes 
are measured at the same temperature and pressure.) 

[Hint : Let x mL of CO and (60 - x) mL of H 2 be present in the 

original mixture. 


(i) 

2CO 

+ O 2 - 

^ 2 CO 2 


2 vol 

1 vol 

2 vol 


X 

X 

2 

X 

(ii) 

2 H 2 

+ O 2 — 

H 2 O 


2 vol 

1 vol 

0 vol 


(60 - x) 

(60-x) 
2 

after cooling 


Oxygen used 

X 60-js 
"22 

■ = 30 mL 


Residual oxygen = 40 - 30 = 10 mL 
Vol of CO 2 + Residual oxygen = x + 10 = 30 
or X = 20 

CO'volume = 20 mL; H 2 volume = 40 mL] 


38. A mixture of marsh gas (CH 4 ) and acetylene requires 22 mL 
of oxygen for complete combustion and produces 14 mL of 
carbon dioxide. Find the volume of each component in the 
mixture when all the volumes are measured at N.T.P. 

[Ans, CH 4 = 6 mL; C 2 H 2 = 4 mL] 

39. 100 mL of a mixture of carbon monoxide, methane and 
hydrogen are mixed with 300 mL of oxygen and fired. After 
cooling the resultant gas occupied 285 mL and after 
absorption by potash 205 mL of oxygen remained. Find the 
composition of the mixture if all the volumes are measured 
under the same conditions of temperature and pressure. 

[Ans. CO = 50 mL; CH 4 = 30 mL; H 2 = 20 mL] 

40. What weight of oxalic acid crystals (C 2 H 204 - 2 H 20 ), on being 
heated with excess of cone. H 2 SO 4 would give 1 litre of the 
mixture of gases at N.T.P.? What volume of gaseous product 
would be obtained at N.T.P. by (i) burning the above mixture 

.^_of^ses_and (fr),_passing_thejmixturej 5 f gasesj:epeat _ _ 

red hot carbon? „ _ ^ __ 

[Ans. 2.8 i g; (i) 1 litre (ii) 1.5 litre] 

41. Igniting Mn 02 converts-it quantitatively to Mn 304 . A sample 
of pyrolusite is of the following composition: Mn 02 80%; 

Si 02 and other inert constituents 15% and rest being water. 

The sample is ignited in air the constant weight. What is the 
percentage of Mn in the ignited sample? 

[Mn = 54.9,0 = 16] 

[Hint : First determine the amount of Mn 304 from 80 g of Mn 02 . 

It comes to 70.2 g. Total residue 70.2 + 15.0 = 85.2 g 

707 

% of Mn 304 in the ignited sample = x 100= 82.4 

% of Mn in the ignited sample = 82.4 = 59.36 ] 

42. A 2.0 g of sample containing Na 2 C 03 and NaHCOj loses 
0.248 g when heated to 300''C. What is the percentage of 
Na 2 C 03 in the mixture? 

[Hint : On heating only NaHC 03 is decomposed.] 

[Ans. % of NaaCOa = 66.4] 

43. 25.4 g of iodine and 14.2 g of chlorine are made to react 
completely to yield a mixture of ICl and ICI 3 . Calculate the 
number of moles of ICl and ICI 3 formed. 

[Hint:l 2 + 2 CI 2 -^JCla + ICl] 

254 g 142 g I mole 1 mole 

[Ans. 0.1 mole ICI 3 and 0.1 mole ICL] 

44. 2.68 g of a mixture of CaCOa, MgCOa and NaHCOa suffered 
a loss of L19 g on heating. The residue on treatment with 
excess of hydrochloric acid gave 0.112 litre of CO 2 as 
measured at N.T.P. Calculate the weight of each conr^ooent. 

[Ans. CaCOa = 1 g; MgCOa = 0.84 g; NaHCOa = 0.84 g] 

45. Crude calcium carbide is made in electric furnace by the 
following reaction, 

CaO + 3C-> CaC :2 + 

The product contains 85% CaC 2 and 15% unreacted CaO. 

(a) How much CaO is to be added to the furnace charge for 
each 1000 kg of CaC 2 (pure)? 

(b) How much CaO is to be added to the furnace charge for 
each 1000 kg of crude product? 
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[Hint ; (a) For getting 1000 kg pure CaC 2 , the CaO required 
= 11 X 1000 = 875 kg 

Free CaO present = " = 176.47 kg 

Total = 875 + 176.47 = 1051.47 kg 
(b) 10 (K) kg crude product consists 850 kg CaC 2 and 150 kg CaO. 

CaO required for 850 kg CaC 2 =|| x 850 = 743.75 kg 
Total = 743.75 + 150 = 893.75 kg] 

46* A fluorine disposal plant was constructed to carry out the 
reactions, 

F 2 + 2NaOH-^ 2NaF + H 20 + io 2 

2NaF+Ca0 + H 20 -> CaF 2 + 2NaOH 

As the plant operated, excess lime was added to bring about 
complete precipitation of the fluorides as CaF 2 . Over a pe- 

_iiod^of~operatiom2CW4^-of^[uOTine-was^ed kte"die-planF 

and lOOOOJkg of Ume was requir*^, What was the percentage 
utilization of lime? 

[Hint : 38 g fluorine require CaO = 56 g 

2000 X 1000 g fluorine require CaO = "| x2{XX)x 1000 

_ 5^x10^ ff 
" 19 ^ 

% utilization = 10 ^ = 29.5] 

19 10 ? 

47. 20 mL solution containing 0.20 g of an impure sample of H 2 O 2 
reacts with 0316 g of KMn 04 in presence of H 2 SO 4 . 

(i) Find the purity of hydrogen peroxide sample, 

(ii) Calculate the volume of dry oxygen evolved at 2TC and 
750 mm pressure. 

[Ifint : 2 KMn 04 + 3 H 2 SO 4 + 5 H 2 O 2 = K 2 SO 4 + 2 MnS 04 
316 g no g 

+ 8 H 2 O + 5 O 2 

5 X 22400 mL] 
at N.T.P. 

[Ans. Purity 85%; 124.72 mL] 

48. How many kilograms of pure H 2 SO 4 could be obtained fiom 
1 kg of iron pyrite (FeS 2 ) according to the following reac¬ 
tions? [Fe = 56] 

4 FeS 2 + 1IO2-> 2Fe203 + 8SO2 

2SO2 + O2-^ 2SO3 

SO 3 + H 2 O-> H 2 SO 4 

[Ans. 1.63 kg] 

49. When 60 mL of a mixture of N 2 O and NO were mixed with an 
equal volume of pure H 2 and exploded, 38 mL of N 2 were 
left. Calculate the volume of each gas present in the original 
mixture. 

[Ans. N 2 O = 16 mL; NO = 44 mL] 

50. Carbon disulphide, CS 2 , can be made from byproduct SO 2 . 
The overall reaction is, 

5C + 2 SO 2 -^ CS 2 +4CO 

How much CS 2 can be produced from 450 kg of waste SO 2 
with excess of coke, if the SO 2 conversion is 82%? 

[Ans. 219 kg] 


51. A mixture containing NaHCOs and Na 2 C 03 weight 
L0235 g. The dissolved mixture was reacts with excess of 
Ba(OH )2 to form 2.1028 g BaC 03 by toe reactions, 

Na 2 C 03 + Ba(OH )2 -^ BaC 03 + 2NaOH 

NaHCOa + Ba(OH )2 -^ BaCOa + NaOH + H 2 O 

What is the percentage of NaHCOa in the mixture? 
[Ba=137] 

[Ans. 39.51%] 

52. A blackened silver coin weighing 15 g on treatment with HCl 
yielded 25 mL of H 2 S at 12^C and 775 mm pressure. What 
percentage of original silver tarnished? 

[Ans. L57%] 

53. Brass is an alloy of copper and zinc, A sample of brass 
weighing 5.793 g when treated with excess of dilute sulpburic 
acid gave 324 mL of hydrogen at 2fr^C and 750 mm pressure. 

„„—Whatris^ toe-pefG^tage-by^dght-rf^eoppeHn-toe^Hoy? ^ 
[Hint : Oidy with dilute H 2 SO 4 to .give hydrogeajzz 

[Ans. 85.025% copper] 

54. Polyethylene is obtained according to following sequence 
of reactions, 

CaC 2 + H 2 O -> CaO + C 2 H 2 

C2H2 + H2-> CH 2 =CH 2 

«CH2=CH2-^ (^CH2-~CH2—)n 

Find out the mass of polyethylene which can be obtained 
from 10 kg of calcium carbide. 

[Hint : The mass of polyethylene is same as the mass of ethylene,] 
[Ans. 4.375 kg] 

55. 1.0 g of a mixture of potassium chloride and potassium iodide 
dissolved in water and precipitated with silver nitrate, gave 
1,618 g of silver halides. Calculate the percentage of each in 
the mixture. [K = 39, Cl = 35.5,1 = 127, Ag = 108] 

[Ans. % KCl = 39.6; % KI = ^.4] 

56. 50 mL of dry ammonia gas was sparked for a long time in an 
eudiometer tube over mercury. After sparking the volume 
becomes 97 mL. The gaseous mixture is washed with water 
and after drying, the volume becomes 94 mL. This w^ mixed 
with 60.5 mL of oxygen and the mixture was burnt. After the 
completion of the combustion of H 2 , the volume of the 
residual gas w^ 48.75 mL. Derive toe molecular formula of 
ammonia. 

[Hint : Let the formula be N^Hy. 


ix/2) N 2 + (y2) H 2 
0 0 


(50~a)mL 


(50 - a) + 


After washing, 


22 ' 
2 2 ■ 


a = 47 mL 


Thus, 






532 

or x + y = 4 ...(i) 


H2 + 5O2 ^ H2O 



Residual gases after combustion = N 2 + O 2 left 

48.75 = ^ + 605-^ ...(ii) 

Solving (i) and (ii), 

X = 1 and y ^3 

Formula is NH3.] 

57. 3.2 g of a mixture of KNO 3 and NaN 03 was heated to constant 
weight which was found to be 2.64 g. What is the % of 
KNO 3 in mixture? 

[Ans. 44.22%] 

3 g samplej^JLbluej/itdol 

water. BaCl 2 solution was mixed in excess to this solution. 
Hfie precipitate obtained was washed and dried. It weighed 
2.82 g. Determine % of S 04 ^ by weight in sample. 

[Ans. 38.72%] 

59. 0.260 g sample of limestone is dissolved and calcium is 
pr^ipitated as calcium oxalate CaC 204 . After filtration and 
washing the prmpitate, its r^uired 20 mL of 0.05 M KMn 04 
solution acidified with sulphuric acid to titrate. What is the 
percentage of CaO in the limestone? 

[Hint : CaC 03 ^ CaO-^ CaC 204 

1 mole 1 mole 1 mole 

2KMn04 + 8H2SO4 + 5 CaC 204 -> K2SO4 + 2MnS04 

2 mole 5 mole 

+ 5 CaS 04 + IOCO 2 + 8 H 2 O] 

[Ans. 53.8%] 

60. The chromate ion may be present in waste water from a 
chrome plating plant. It is reduced to insoluble chromium 
hydroxide, Cr(OH) 3 , by dithionite ion, S 2 O 4 ” in basic solution 
according to following equation : 

3S20|“ + 2CrOf + 2H2O + 20H”—+ 6SO|“ + 2Cr(OH)3 
200 L of water require 774 g of Na 2 S 204 . Calculate molarity 
and normality of CrOl” in waste water. 

774 

[Hint : Number of moles of Na 2 S 204 = = 4.448 mole; 

Number of moles of CrO|“ = | ^ 4.448 = 2.965 mole] 

[Ans. Molarity = 0.0148 M; Normality = 0.0444 N ] 

61. A welding fuel gas contains carbon and hydrogen only. 
Burning a small sample of it in oxygen gives 3.38 g carbon 
dioxide, 0.69 g of water and no other products. A volume of 
10 L (measured at S.T.R) of this welding gas is found to weigh 
11.6 g. Calculate: 

(i) empirical formula 

(ii) molar mass of the gas and 

(iii) molecular formula. 

[Ans, (i)CH;{u)26gmor‘;(iii)C2H2] 

62. A mixture of FeO and Fe 304 when heated in air to a constant 
weight gains 5% in its weight. Find the composition of initial 
mixture. 

[Ans. FeO (20.25%), Fe 304 (79.75%)] 
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63. Superphosphate of lime can be synthesised as : 

5Ca3(P04)2+ IIH2SO4-> 4Ca(H2K)4)2 

4 2H3P044llCaS04 

(a) How much H 2 SO 4 is required to convert 2g Ca 3 (P 04)2 
by this reaction? 

(b) Calculate amount of superphosphate of lime obtained 
from 2 g of Ca 3 (P 04)2 by this reaction. 

[Ans. (a) 1.39 g;(b) 3.39 g] 

64. Trifluoroacetic anhydride (CF 3 CO )20 was prepared by 
treating 1(X) g of trifluoroacetic acid (CF 3 COOH) with 100 g 
P 4 O 10 * The anhydride collected weighed 65.6 g. What was 
the percentage yield? 

[Ans. 7L2%] 

65. In the study of thermal decomposition of K 3 [Fe(C 204 ) 2 ]; 

25 mg of the compound produced 2,24 mg of CO 2 along with 
FeC 204 and K 2 C 2 O 4 . Calculate % yield of carbon dioxide. 

[as;. m~m\ .. ^ 

66 . O.lOymole of K 2 Cf 207 are fequued to oxidise a Mxili^ 

XO and X 2 O 3 to form XO 4 and Cr^”^, If 0.0817 mole of 
XO 4 is formed, what is atomic mass of X? Given weight of 
the original mixture (XO + X 2 O 3 ) is 2.180 g. 

[Hint : Involved reactions are : 

(i) 6 X 0 + 5Cr20^- + 34H''-> 6XOi + lOCr^^ + I 7 H 2 O .. 

(ii) 3X2O3 + 4Cr20^" + 2611 ^-> 6XO4 + + I3H2O] 

[Ans. 100] 

67. If 20 g CaC 03 is treated with 20 g HCl, how many grams of 
CO 2 can be generated according to the following equation, 

CaCOgC^) + 2HCl(a^.)-> CaCl 2 («^.) + HaOCO 4 C02(g) 

Which one of the two reactants is limiting? 

[Ans. 8.8 g CO 2 ; CaC 03 is limiting.] 

68. Calculate percentage yield if the reaction of 64 g of NaBH 4 
with iodine produced 15 g BI 3 . 

NaBH 4 + 4 I 2 -> BI 3 4 Nal + 4HI 

[Ans. 2.27%] 

69. Silver may be removed from solutions of its salts by reaction 
with metallic zinc according to the reaction, 

Zn + 2Ag^-> 2Ag + Zn^"^ 

A 50 g piece of zinc was thrown into a 100 L vat containing 
3.0gAg^/L. 

(a) Which reactant was completely consumed? 

(b) How much of the other substance remained unreacted? 
[Ans. (a) Zinc is completely consumed, (b) 140 g remain 

umeacted. ] 

70. A particular 100 octane aviation gasoline used 1.00 mL of 
tetraethyllead, (C 2 H 4 ) 4 Pb, of density 1.66 gAnL per litre of 
product. This compound is made as follows: 

4 C 2 H 5 CI 4 4NaPb-> (C 2 H 5 ) 4 Pb 4 4NaCl 4 3Pb 

How many gram of ethyl chloride is needed to make enough 
tetraethyllead for 1 L of gasoline? 

[Atonndc mass of Pb = 207] 

[Hint : The mass of 1 mL (C 2 H 5 ) 4 Pb = 1 x 1.66 = 1.66 g. This 
is the amount needed per litre.] 

[Ans. 1.33 g C 2 H 5 CI] 
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71. (a) How much bismuth nitrate, Bi(N 03 ) 3 * 5 H 2 Q would be 
formed from a solution of 15 g bismuth in nitric acid? 

Bi + 4HN03 + 3H20-> Bi(N03)3-5H20 + NO 

(b) How much 30% nitric acid (containing 30% HNO 3 by 
mass) is required to react with this amount of bismuth? 
[Atomic mass of bismuth = 209] 

[Ans. (a) 34,8 g, (b) 60.3 g solution] 

72. The roasting of 100 g copper ore yielded. 75.4 g of 89.5% 
pure copper. If the ore is comj[K)sed of CU 2 S and CuS with 
11 % inert impurity, calculate the % of CU 2 S in the ore. The 
equations are : 

CU 2 S +O 2 -^ 2 CU + SO 2 

and CuS + 02 -> CU + SO 2 

[Atomic mass of copper = 63.54] 

[Hint : Mass of pure copper from 100 g of copper ore 

_______-— 

=.—00—= 67748? 

Number of moles - ^ 3 ^ ~ 1-06 mole Cu 

In the sample, let x per cent CU 2 S and (89.0 - x) per cent CuS be 
present. 


73. 


then, 

[Ans. 


CU 2 S = 62%.] 


2x (89.0-;c) 
15915 95.61 


= 1.06] 


150 g of marble chips are dropped into one kilogram of 
solution of hydrochloric acid containing one tenth of its 
weight of the pure acid. How much chips wiU remain 
undissolved? What weight of anhydrous calcium chloride* 
and what weight of carbon dioxide gas would be obtained 
from it? 

[Ans, Marble chips left undissolved = 13.014 g; CaCl 2 formed = 
152.054 g; CO 2 evolved = 60.24 g] 


74. Hydrogen is generated by the action of steam on hot 
magnesium. Calculate the mass of magnesium that will te 
required to produce just sufficient hydrogen to combine with 
all the oxygen that can be obtained by the complete decom- 

position of 24.5 g of KCIO 3 ._____ 

Rhs. 14.4 g] _ 

75. The marimuih maS of c^^ crystals, CuS 04 - 5 H 20 

obtained from 20 g of a sample of brass containing only zinc 
and copper is 37.2 g. What mass of zinc was present in 20 g 
of brass? 

[Atomic masses of Cu = 63.5; S = 32; Zn = 65] 

[Ans. 10.53 g] 


OF OBJECTIVE QUESTIONS 


1. The oxygen obtained by the decomposition of 72 g H 2 O is : 

tP.M.T. (Raj.) 20051 

(a) 72 g (b) 46 g 

(c)50g (d)64g 

Ans. (d) 

[Hint : 2H20(g)-^ 2H2(g)+ O 2 

2 mole 1 mole 

36g 32 g 


2 . 


36 g H 2 O give 32 g O 2 on decomposition 
. j 2 g will give 64 g O 2 on decomposition] 


35.4 mL of HCl is reqirired for the neutmhzation of a solution 
containing 0.275 g of sodium hydroxide. The molarity of 
hydrochloric acid is : [RM.T. (Raj.) 20051 

(a) 0.97M (b) 0.142M 

(c) 0.194 M (d) 0.244 M 

(c) . 

[Hint : Number of moles of NaOH = = 6.875 x 10 ^, 

Neutralization reaction : 

HCl(a^.) + NaOH(a^.) NaCl(a^.) + HaCX/) 
Numte of moles of HCl required for neutralization 


Number of moles = 


.6.875x10''^ = 


: no. of moles of NaOH 
: 6.875 X 10"^ 

MV 
'■ 1,000 
MX 35.4 


1000 
M = 0.194 M] 


3. 2.76 g of silver carbonate on bging strongly heated yield a 
residue weighing ; 


(a) 2.16g 
(c) 2.64 g 
Ans. (a) 

[Hint : AgzCOsC^) 

1 mole 
276 g 


(b)2.48g 
(d) 2.32 g 


2Ag(s)+C02(g) + |02(g) 

2 mole ^ 

2x108 


= 2l6g 


4. 


5. 


Residue obtained by heating 276 g of Ag 2 C 03 = 216 g 
Residue obtained by heating 2.76 g of Ag 2 C 03 =^x2.76 

= 2.16 g 1 


‘X’ grams of CaCOs was completely burnt in air. The mass of 
solid residue formed is 28 g. What is the value of ‘X’ (in 
grams)? |E.A.M.C.E.1'. (Kiigg.) 20(>5| 

(a) 44 (b) 200 

(c) 150 (d) 50 

Ans. (d) 

[Hint : CaCOali)-^ CaO(s)+C02(g) 

1 mole 1 mole 

lOOg 56g 

Residue formed hy 100 g of CaC 03 on decomposition = 56 g 
Residue formed by T’ g of CaCOs on decomposition = 28 g 


56 

100 


X 


X=50g] 


10 grains of CaCOs is completely decomposed to X and CaO. 
X is passed through an aqueous solution containing one 
mole of sodium carbonate. What is the number of moles of 
sodium bicarbonate formed ? [Iv.A.M.C.E.l 2(M)4| 

(a) 0,2 (b) 0.1 

(c) 0,01 (d) 10 
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Ans. (a) 
[Hint : 


CaCOs 

1 mole 
0.1 mole 


CaO + CO 2 


[Hint : 2NaOH -f H 2 SO 4 -> 1 

n2=l 

MiVi _ M2V2 


Na 2 S 04 + 2H20 


Number of moles of CaC 03 = 77 ^ = 0.1 


Na 2 C 03 + CX)2 "i" H 2 O- 

1 mole 1 mole 
0.1 mole 


100 

2 NaHC 03 ] 

2 mole 
0.2 mole 


When 32.25 g of ethyl^hloride is subjected to dehydro- 
halogenation reaction, the yield of the alkene formed is 50%. 
The mass of the product is : 


(a) 14 g 
(c) 64.5 g 
Ans. (d) 

[Hint : CHj- 


(b) 28 g 
(d)7g 


>CH 2 =CH 2 +HC 1 

I mole 
28 g 

-14-g- 


Since, the yield is 50%, the acti^ mas^ofjh^product is 

. ~ ........ " . 

If 30 niL of H 2 and 20 mL of O 2 react to form water. What is 
left at the end of the reaction ? [A.F.M.C. 2005] 


(a) 10 mLofH 2 (b) 5 inLofH 2 

(c) lOmLof O 2 (d) 5niLof O 2 

Ans. (d) 

[Hint : 2H2(g) + 02(^)-> 2H20(g) 

2 vol 1 vol 2 vol 

30 mL 15 mL 30 mL 

Thus, 15 mL of O 2 is used up, hence 5 mL of O 2 is left at 
the end of the reaction.] 

100 mL of NaOH is neutralised by 10 mL of 0.5 M H 2 SO 4 . 
The molarity of NaOH solution will be : 

(a) 1 (b) 0.1 

(c) 0.01 (d) 0,001 

Ans, (b) 


Mixl00^0.5xl0 

2 1 

■.M _ 0 . 5 X lOx2 _ rt 1T 
- 

9. Assuming that petrol is iso-octane (CgHig) and has a density 
of 0,8 g mL"*, 1.425 L petrol on complete combustion will 
consume how much of oxygen gas at S.T.P.? 

(a) 50 L (b) 125 L 

(c) 125 mole (d) 50 mole 

Ans. (c) 

[Hint : Mass of petrol = 1425 x 0.8 = 1140 g 

Number of moles of iso-octane = = 10 

. CgHl^‘'T‘^W^=“8C6^TM^]. 

1 mole 123 mole 

10 nK)le 125 mole 

10. Conversion of oxygen to ozone occurs to the extent of 15% 
only. The mass of ozone that can be prepared from 67.2 L of 
oxygen at s.T.R wUl be : 

(a) 14.4 g (b) 96g 

(c) 640 g (d) 64 g 

Ans- (a) 

[Hint : Number of moles of 02 = = 3 

3O2 .— 2O3 

3 mole 2 mole 

Since, percentage yield is 15%, number of moles of 
ozone formed actually from 3 moles of oxygen 

= W = 0-3mole 

Mass of ozone formed = 0.3 x 48 = 14.4 g] 
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OBJ€CTIV€ QUeSTIONS 


Note: Choose the correct answer out of the given alternatives 

1. The percentage of nitrogen in urea is about: 

(a)' 38.4 □ (b) 46.6 □ 

(c) 59.1 □ (d) 61.3 □ 11. 

2 . The mass of sulphuric acid needed to dissolve 3 g 
magnesium carbonate is: 

(a) 3.5g □ (b)7.0g □ 

(c) 1.7g □ (d) 17.0g □ 

3. The haemoglobin from red corpuscles of most mammals 
contain approximately 0.33% of iron by mass. The molecular 12 . 
mass of haemoglobin is 67200, The number of iron atoms in 

each molecule of haemoglobin is : 

--(a)-l--— □ Qyyi -—-□- 

(c)-3. - : . a.-(d) 4 - - □ 13. 

4. 10 mL of a solution of H 2 O 2 hberated 0,5 g of I 2 from KI 
solution. The percentage of H 2 O 2 in the solution is : 

(a) 027 □ (b) 0.67 □ 

(c) 0.47 □ (d) 0.87 □ 14 

[Hint : 2KI + H 2 O 2 —^ 2KOH + I 2 ] 

34 g 2 X 127 g 

5. The mass of CO 2 obtained when 60 g of calcium carbonate 
is treated with excess of hydrochloric acid is : 

(a) 30.0 □ (b) 15.0 □ 

(c) 13.2 □ (d) 26.4 □ 

6 . The quantity of ammonium sulphate necessary for the 
production of ammonia gas sufficient to neutralise a 
solution containing 292 g of HCl is: 

(a) 272g □ (b) 408g □ 15. 

(c) 528g □ (d) 1056g □ 

[Hint : NH 3 + HCl -> NH 4 CI and (NH 4 ) 2 S 04 = 2 NH 3 ] 

17 g 36.5 g 132 g 34 g 

7. The percentage of P 2 O 5 in diammonium hydrogen phosphate 
is: 

(a) 23.48 □ (b) 46.96 □ 

(c) 53.78 □ (d) 71.0 ' □ 

8 . The volume of oxygen required for complete oxidation of 2.0 
htre of methane at N.T.P. is: 

(a) 4Utre □ (b) 12.25 Utre ■ □ , 

(c) 1 htre □ (d) 3 htre □ 

9. The % loss in mass after heating a pure sample of potassium 
chlorate will be: 

(a) 1225 □ (b) 24.50 □ 18 

(c) 39.17 □ (d) 49.0 □ 

[Hint ; 2 KCIO 3 - > 2KC1 + SOJ 

2 X 122.5 g 2x74.5 

10. Three volumes of hydrogen are required to combine with one 19 
volume of nitrogen to form 2 volumes of ammonia. When 
one mole of hydrogen is allowed to react with one mole of 
nitrogen, the two gases: 

(a) do not combine □ 20 

(b) 2/3 mole of nitrogen remains unreacted □ 


in each question. 

(c) combine and both the gases are used completely □ 

(d) some hydrogen remains uncombined □ 

If a mixture containing 3 mole of hydrogen and 1 mole of 
nitrogen is converted completely into ammonia, the ratio of 
initial and final volumes under the same temperature and 
pressure would be: 

(a) 3 : 1 □ (b) 1 : 3 □ 

(c) 1 : 2 □ (d) 2 : 1 □ 

The mass of residue left after strongly heating 1.38 g of silver 
carbonate will be: 

_(a) 1.16 g □ (b) 1.3 3 g_ D_ 

(cyT 66 g □ (d) 1.08 g □ 

100 mL of PH 3 when decomposed pfoduc^^ and 

hydrogen.The change in volume is: 

(a) 100 mL decrease □ (b) 100 mL increase □ 

(c) 50 mL increase □ (d) 50 mL decrease □ 

7.46 g of KCl are heated in excess of H 2 SO 4 and Mn 02 . The 
gas evolved is passed through KI solution. The amount of 
iodine set free will be : 


(a) 12.7 g □ (b)3.2g □ 

(c) 6.4 g □ (d) 18.9g □ 

[Hint : [KCl + H 2 SO 4 -> K 2 SO 4 + 2HC1] x 2 

Mn02 + 4HC1-> MnCl 2 + CI 2 + 2 H 2 O 

2KI + CI 2 -> 2KC1 + I 2 

2KC1 + Mn02 + 2KI-> 2 K 2 SO 4 + 2KC1 + MnCl 2 + I 2 ] 

2 X 74.5 g 2 X 127 g 

If 0.5 mole of BaCl 2 is mixed with 0.20 mole of Na 3 P 04 . The 
maximum number of moles Ba 3 (P 04)2 that can be formed is : 
(a) 0.10 □ (b) 0.20 □ 

(c) 0.50 □ (d) 0.70 □ 

[Note : Na 3 p 04 is a limiting reagent.] 

40 mL of H 2 S and 40 mL of CI 2 are mixed together. The volume 
of resulting gas is: 

(a) 40mL □ (b) 80 mL □ 

(c) 120mL □ (d) l60mL □ 

20 mL of CO is exploded with 30 mL of O 2 at room 
temperature. The final mixture of gases is: 

(a) ,50mL □ (b) 40mL □ 

(c) 30mL □ (d) 20mL □ 

12 g of magnesium (At. mass = 24) will react with an acid to 
give: 

(a) one mole of H 2 □ (b) one mole of O 2 □ 

(c) one-half mole of H 2 □ (d) one-half mole of O 2 □ 

The mass of quick lime obtained by strongly heating 25 g of 
marble is: 

(a) 14 g □ (b) 28 g □ 

(c)42g □ (d)56g □ 

A metal oxide is reduced by heating it in a stream of 
hydrogen. It is found that after complete reduction, 3.15 g of 
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the oxide has yielded 1.05 g of the metal. We may deduce 
that: 

(a) the atomic mass of the metal is 8 □ 

(b) the atomic mass of the metal is 4 □ 

(c) the equivalent mass of the metal is 8 □ 

(d) the equivalent mass of the metal is 4 □ 

21. The mass of oxygen with which 13.5 g of aluminium will 
completely react, is : 

(a) 4 g □ (b) 8 g : □ 

(c) 12g □ (d)16g □ 

22. 1.6 g of an organic compound on combustion gave 4.4 g 

carbon dioxide. The % of carbon in organic compound is: 
(a) 30 □ (b) 45 □ 

(c) 60 □ (d) 75 □ 

23. At N.T.P., 10 litre of hydrogen sulphide gas reacted with 10 
litre of sulphur dioxide gas. The volume of gas, after the 


31. Volume of oxygen needed for complete combustion of 20 mL 
of a hydrocarbon C^Uy will be : 

(a)(x + y/4)mL □ (b) 20(x + y/4)mL □ 

(c) l/20(x + y/4)mL □ (d) none of these □ 

32. Hydrogen evolved at N.T.P. on complete reaction of 27 g of 
aluminium with excess of aqueous NaOH would be: 

(a) 22,4 litre □ (b) 44.8 litre □ 

(c) 67.2 litre □ (d) 33,6 Htie □ 

[Hint : 2A1 + 2NaOH + 2 H 2 O-> 2NaA102 + 3 H 2 ] 

33. The volume of CI 2 obtained when 4.35 g Mn 02 react 

completely with concentrated HCl (At. mass of Mn = 55): 
(a) 4.48 Htre □ (b) 2.24 Htie □ 

(c) 1.12 litre □ (d) 0.56 Htie □ 

34. Cyclohexanol is dehydrated to cyclohexene on heating with 
cone. H 2 SO 4 . If the yield of the reaction is 75%, how much 
cyclohexene will be obtained from 100 g of cyclohexanol ? 

- 6 LS^^_a_(b)J75.0-g_□ 




reaction is complete, would be: 

(a) 5'Htre .. □~(b)“101i1re" 

(c) 15 Htie □ (d) 20 Htre 


□ 

□ 


□ 


24. A substance contains 0.25% iron by mass. The molecular 
mass of substance is 89600. The number of iron atoms per 
molecule of the substance is: 

(a) 5 . □ (b) 4 □ 

(c) 3 □ (d) 2 □ 

25. The minimum amount of hydrogen required to reduce 7.95 g 
of CuO (Mol. mass 79.5) wiU be : 

(a)2g □ (b)4g □ 

(c) 2240 mL at N.T.P. □ (d) 22400 mL at N.T.P. □ 

26. 2.0 g mixture of sodium carbonate and sodium bicarbonate 
on heating to constant weight gave 224 mL of CO 2 at N.T.P. 
The % weight of sodium bicarbonate in the mixture is: 

(a) 50 ■' □ (b) 54 □ 

(c) 80 □ (d) 84 □ 

27. What volume of hydrogen at N.T.P. wiU be Hberated when 
3.25 g of zinc completely dissolve in dilute HCl? (At. mass 
ofZn = 65) 

(a) 1.12 Htre □ (b) 11.20 Htre □ 

(c) 2.24 Htre □ (d) 22.40 Htre □ 

28. The volume of oxygen at N.T.P. evolved when 1.70 g of 
sodium nitrate is heated to a constant mass is: 

(a) 0.112 Htre □ (b) 0.224 Htre □ 

(c) 22.4 Htre □ (d) 11.2 Htre □ 

29. 50 g limestone is heated. Quantity of quicklime produced is: 

(a)56g □ (b)28g □ 

(c)14g □ (d)lOg □ 

30. Assuming that petrol is iso-octane (CgHjg) and has a density 
of 0,8 g mL“^ 1.425 Htre of petrol on combustion will 
consume: 


(a) 100 moles of oxygen 

(b) 124 moles of oxygen 

(c) 150 moles of oxygen 

(d) 175 moles of oxygen 


□ 

□ 

□ 

□ 


_ (c)^2qX)g __□ ^)4l.Qg 

[Hint : CfiHuOH CeHio ] 

100 g 82 g 

35. 1 g of Mg is burnt in a closed vessel which contains 0.5 g of 
oxygen. The mass of excess reactant is: 

(a) 0.25 g of Mg □ (b) 0.33 g of O 2 □ 

(c) 0.1 g of Mg □ (d) 0,25 g of O 2 

36. When 1 g of zinc is treated separately with excess of H 2 SO 4 

and excess of NaOH, the ratio of volume of H 2 evolved is : 
(a) 1 : 1 □ (b) 1 : 2 □ 

(c) 2 : 1 □ (d) 3 : 2 □ 

37. The mass of CaO required to remove the hardness of 10^ 
Htre of water containing 1.62 g of calcium bicarbonate per 
Htre is : 

(a) 140 kg □ (b) 280 g □ 

(c) 420 kg □ (d) 560 kg □ 

38. The minimum quantity of H 2 S in grams needed to precipitate 
63.5 g of copper ions will be nearly : 

(a) 63.5 g □ (b)34.0g □_ 

(c) 31.75 g □ (d)20.0 g □ 

39. If 2 moles of C 2 H 5 OH completely bum to CO 2 and water, the 
mass of carbon dioxide formed is about: 

(a) 88 g □ (b) 176g □ 

(c)44g □ (d) 132g □ 

40. The amount of ammonium nitrate that should be decomposed 
for getting 22.4 Htre nitrous oxide is : 

(a) 20 g □ . (b) 24 g □ 

(c) 60 g □ (d) 80 g □ 

41. The volume of oxygen at N.T.P obtained by electrolysis of 
18 g of water will be : 

(a) 22.4Htre □ (b) 5.6 Htre □ 

(c) 11,2 Htre □ (d) 44.8 Htre □ 

42. The percentage loss in mass on heating Na 2 CO 3 - 10 H 2 O is: 

(a) 25% □ (b)62.9% □ 

(c) 50 % □ (d) 30 % □ 

43. One mole of calcium phosphide on reaction with excess 
water gives: 
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(a) 1 mole of phosphine □ 

(b) 2 moles of phosphine □ 

(c) 2 moles of phosphoric acid □ | 

(d) 1 mole of phosphorus pentoxide □ 

[Hint : Ca 3 P 2 + 6 H 2 O-> 3 Ca(OH )2 + 2 PH 3 ] 

1 mole 2 mole 

44. An element ‘A’ reacts with oxygen to produce A 2 O 3 . 1 g of 
‘A’ produces 1.1596 g of A 2 O 3 . Calculate atomic mass of 
element ‘A’ (Atomic mass of oxygen = 15.999 g moF^): 

(a) 20.70 □ (b) 66.85 □ 

(c) 100.2 □ (d) 150.4 □ 

45. Esterification of benzoic acid takes place as: 

C 6 H 5 COOH + CH 3 OH->C 6 H 5 C 00 GH 3 + H 20 

Benzoic acid Methanol Methyl benzoate 

_ ^ 4 u 4 ^^bejizoic_acidxeactsJSiith- 7 G^naFCH 30 tf (den — 

g mL“^) to produce 2 l^g of meAyl b^:^ate._WhM w^^ 
the percentage yield of reaction? 

(a) 71.5% □ (b)79.3% □ 

(c)91.7% □ (d)21.7% □ 

46. 1 mole N 2 and 4 mole H 2 are allowed to react in a vessel and 
after reaction, H 2 O is added to the vessel. Aqueous solution 
required 1 mole H(21. Mole fraction of H 2 in the gaseous 
mixture after the reaction is : 

(a) \ ° (b) I □ 

(c) ^ □ (d) none of these □ 

47. 2 mole of H 2 S and 11.2 L of SO 2 at S.T.P. react according to 
following equation, 

SO 2 + 2 H 2 S -> 2 H 2 O + 3S 

What will be the number of moles of sulphur formed in the 
reaction ? 

(a) 1.5 □ (b) 3 □ 

(c) 11.2 □ (d) 6 □ 

48. 3.92 g of ferrous ammonium sulphate crystals are dissolved 

in 100 mL of water, 20 mL of this solution requires 18 mL of 
potassium permanganate during titration for complete 
oxidation. The weight of KMn 04 present in one htre of the 
solution is: [C.E.T. (Tamil Nadu) 2002] 

(a) 34.76 g □ (b) 12.38 g □ 

(c) 1.238 g □ (d) 3.476, g □ 

49. 30 g of magnesium and 30 g of oxygen are reacted, then the 

residual mixture contains : [K.C.E,T. 2002] 

(a) 60 g magnesium oxide only □ 

(b) 40 g magnesium oxide and 20 g of oxygen □ 

(c) 45 g magnesium oxide and 15 g of oxygen □ 

(d) 50 g of magnesium oxide and 10 g of oxygen □ 

50. For the decolourisation of 1 mole of KMn 04 , the number of 

moles of H 2 O 2 required is : [A.H.M*S, 2004] 

(a) I □ (b) I □ 

(c> I ° (d) I □ 

51. One mole of magnesium nitride on reaction with excess of 

water gives: [A.I.E.E.E. 2004] 

(a) one mole of ammonia □ 


(b) one mole of nitric acid □ 

(c) two moles of ammonia □ 

(d) two moles of nitric acid □ 

52. In a balanced equation, 

H 2 SO 4 + xHI -> H 2 S + yl 2 + ZH 2 O 

The values of x, y and z are: [E.A.M.C.E.T. 2003] 

(a) a: = 3,}' = 5, z = 2 □ (b) x = 4,y = 8 , z = 5 □ 

(c) a: = 8 , y = 4, z = 4 □ (d) a: = 5, y = 3, z = 4 □ 

53. The volume of oxygen necessary for the complete com¬ 
bustion of 20 L of propane is: [C.PJM.T. 2003] 

(a) 40L □ (b) 60L □ 

(c) 80L □ (d) lOOL □ 

54. How many moles of magnesium phosphate, Mg 3 (P 04)2 will 

contain 0.25 mole of oxygen atoms? [A.LEJE.E. 20061 

-□ (b) 3.125 X10“^ D_ 

-(c)--1--25-X10"^-..-□-Tdr23'x'r0r2-~- TT" 

[Hint ; 8 moles oxygen = 1 mole Mg 3 (P 04)2 

0.25 mole oxygen will be present = ^ 9.25 mole 

= 0.03125 mole 
= 3.125 X 10“^ mole]_. 

55. In the reaction, AS 2 S 5 + XHNO 3 -> 5 H 2 SO 4 + yN 02 + 

2 H 3 ASO 4 + I 2 H 2 , the values of x and y is: 

[J.E.E. (Orissa) 2006] 
(a) 40,40 □ (b) 10,10 □ 

(c) 30,30 □ (d) 20,20 □ 

[Hint : AS 2 S 5 + 4 OHNO 3 -> 5 H 2 SO 4 + 4 ONO 2 

+ 2H3ASO4 + 12H2] 

56. At r(K), 100 litres of dry oxygen is present in a sealed 
container. It is subjected to silent electric discharge, till the 
volumes of oxygen and ozone become equal. What is the 
volume in litres of ozone formed at r(K)? 

[E.A.M.C,E.T. (Engg.) 2006] 
(a) 50 □ (b) 60 □ 

(c) 30 □ (d) 40 □ 

[Hint : Let the volume of O 2 converted into ozone be = jc litre 

2 jc 

Volume of ozone formed = litre 
Volume of oxygen left behind = (100 - jc) litre 
y = 100-A: 

X = 60 litre 
2 x 

Thus, ozone formed = 40 htre] 

57. The molality of IL solution of 93% H 2 S 04 (w/y) having 

density 1.84 g/mL is: [B.V.(Pune) 2006] 

(a) 1.043 m □ (b) 0.143 m □ 

(c) 10.43 m □ (d) none of these □ 

[Hint : Mass of solution = 1840 g 

Mass of H 2 SO 4 = ^ X1000 = 930 g 
No. of moles = 

Mass of water = 1840 - 930 = 910 g 

1 r. 930^1000 .CiA'l 
Molahty = " 9 ^ ^’^'=19.43 m] 

58. The number of moles of KMn 04 that wiU be needed to react 
with one mole of sulphite ion in acidic solution is: 

[C.B.S.E. 2007] 
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(a) 4/5 □ (b) 2/5 □ 

(c) 1 □ (d) 3/5 □ 

[Hint : 2MnOJ + + 5803“-> + SSO^ + 3 H 2 O] 

If equal volumes of IM KMn 04 and IM K 2 Cr 207 solutions 
are allowed to oxidise Fe(n) to Fe(ni) in acidic medium then 
Fe(n) oxidised will be: [E.A.M.C.E.T. (Med.) 2007] 

(a) more by KMn 04 □ (b) more by K 2 Cr 207 □ 

(c) equal in both the cases □ 

(d) cannot be determined □ 

A gas has a vapour density 11.2. The volume occupied by 
1 g of the gas at NTP is: [P.M.T.(Pb.) 2005] 

(a) IL □ (b) 11.2L □ 

(c) 22.4L □ (d) 4L □ 

[Hint : Mol. mass of the gas = 11.2 x 2 = 22,4] 

The mass of carbon anode consumed (giving only carbon 
dioxide) in the production of270 leg of aluminium metaTff^ 

bauxite by-HM-processTs:—- [C.B ^^S^t (PM^v)-20051 

(a) 270 kg □ (b) 540 kg □ 


(c) 90 kg 

[Hint ; 


2AI2O3 + 

(2 X 102) g 


3C - 

(3xl2)g 


(d) 180 kg 

> 4A1 + 3 CO 2 ] 
(4x27)g 


Sodium bicarbonate on heating decomposes to form sodium 
carbonate, CO 2 and water. If 0.2 mole of sodium bicarbonate 
is completely decomposed, how many moles of sodium 


carbonate is formed? 
(a) 0.1 
(c) 0.05 

[Hint : 2 NaHC 03 — 


[C,E.T. (J&K) 2006] 

□ (b) 0.2 □ 

□ (d) 0.025 □ 

i 2 C 03 + H 2 O + CO 2 1 


► Na 2 C 03 

1 mole 


How many moles of lead (11) chloride will be formed from a 
reaction between 6.5 g of PbO and 3.2 g HCl? [C.B.S.E. 2008] 


(a) 0.011 
(c) 0.044 
[Hint : 


2HC1 

3.2 , 

= 0.087 


□ (b) 0,029 

□ (d) 0.333 
-> PbCl2 - 


The number of moles of oxygen is obtained by electrolytic 
decomposition of 108 g water is: [J.I.P.M.E.R. 2008] 


(a) 2.5 
(c) 5.0 

[Hint : 


2 H 2 O - 

2 mole 

2x 18 = 36 g 


(b)3.0 
(d) 7.5 

t- O 2 1 

1 mole 


During electrolysis of wat^, the volume of oxygen liberated 
is 2.24 dm^. The volume of hydrogen liberated under the 


(b) 1.12dm^ 


similar conditions will be: [A.I.I.M.S. 2008] 

(a) 2.24 dm^ □ (b) 1.12dm^ □ 

(c) 4.48 dm^ □ (d) 0.56 dm^ □ 

Acidified KMn 04 oxidises oxalic acid to CO 2 . What is the 
volume (in litres) of 10”^ M KMn 04 required to completely 
oxidise 0.5 L of 10”^ M oxalic acid in acidic medium? 

[D.C.E. 2008] 

(a) 125 □ (b) 1250 □ 

(c) 200 □ (d) 20 □ 


(a) 125 
(c) 200 


(b) 1250 
(d) 20 


COOH 

[Hint : 2 KMn 04 + 3 H 2 SO 4 +5 I -» K 2 SO 4 + 2 MnS 04 

2 mole COOH 

5n,„le 8H20+,10C02 

0.5Lxl0-2w= i X =^2^^ 

KMn 04 reqd. = gX^ = j^ = j^^ = 20xl0 M] 

67. 250 mL of a Na 2 C 03 solution contains 2.65 g of Na 2 C 03 . 
10 mL of this solution is added to x mL of water to obtain 
0.001 M Na 2 C 03 solution. The value of x is: 

(Mol. mass of Na 2 C 03 = 106) [B.H.U. 2008] 

(a) 1000 □ (b) 990 □ 

(c) 9990 □ (d) 90 □ 

[Hint : 1000 mL of solution contains sodium carbonate 

= 2.65 X 4 

= 10.60 g, i.e., the solution is 0.1 M 

~ roiTDTr^croarirT, u., v=idoo- 

- ~ -x--T000-^0^=^0]— _ 

68. 40 g of a sample of carbon on combustion left 10% of it 

unreacted. The volume of oxygen required at S.T.P. for this 
combustion reaction is: [E.A.M.C.E.T (Med.) 2008] 

(a) 22.4L □ (b) 67.2L □ 

(c) 11.2L □ (d) 44.8L .. . □_ 

69. The value of ‘n’ in the reaction is : 

Cr20?" + 14ir + nFe^""-^ 2Cr^'' + nFe^'^ + 7 H 2 O 


[P.E.T. (M.P.) 2008] 
(a) 2 □ (b) 3 □ 

(c) 6 □ (d) 7 □ 

[Hint : + 7 H 2 O] 

For the reaction, 

Fe 203 + 3CO-> 2Fe + 3 CO 2 

the volume of CO required to reduce one mole of Fe 203 is: 

[C.E.T. (Karnataka) 2008] 


□ (b) 11.2dm^ 


(a) 67.2 dm-^ □ (b) 11.2dm^ □ 

(c) 22.4dm^ □ (d) 44.8dm^ □ 

The molarity of NaOH solution by dissolving 4g of it iiT 
250 mL water is : [J.E.E. (W.B.) 2010] 


Fe^"" + Mn^"" + CO2 + H2O 


250 mL water is : [J.E.E. (W.B.) 2010] 

(a) 0.4M □ (b)0.8M 

(c) 0.2M □ (d)O.lM □ 

For the chemical reaction, 

FeC 204 + Mn 04 + H -> Fe + Mn + CO 2 + H 2 O 

pick up the incorrect statement: 

(a) The sum of coefficients of reactants is equal to that of 

the products. □ 

(b) The sum of the coefficients of reactants is 32. □ 

(c) For each of FeC 204 , 0.6 mole of KMn 04 is used. □ 

(d) Only C and Fe elements are oxidised. □ 

[Hint : Sum of coefficients 

5FeC204 + 3Mn04 + 24H'^ _ 

32 

SFe^"^ + 3Mn^'^ + lOCO. + I 2 H 2 O 
30 
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61. (c) 
71. (a) 




22 . (d) 
32. (d) 
42. (b) 
52. (c) 
62. (a) 
72. (b) 


23. (a) 
33. (c) 
43. (b) 
53. (d) 
63. (b) 


24. (b) 
34. (a) 
44. (d) 
54. (b) 
64. (b) 


IS. (a) 




25. (c) 

26. (d) 

27. (a) 

28. (b) 

35. (a) 

^ 36, (a) 

37. (d) 

38. (b) 

45. (b) 

46. (b) 

47. (a) 

48. (d) 

55. (a) 

■ 56. (d) . 

57. (c) 

58. (b) 

65. (c) 

66 . (d) 

67. (b) 

68 . (b) 



29. (b) 
39. (b) 
49. (d) 
59. (b) 
69. (c) 


30. (a) 
40. (d) 
50. (c) 
60. (a) 
70. (a) 



1. What mass of Mg (OH )2 is required to neut ralize 1 25 iriL of 
0.136 M hydrochloric acid solution ? 

"—(Molarniassijf Mg(OH)2^5^:33Tm6rV^ 

(a) 0.248 g (b) 0.496 g 

(c) 0.992 g (d) 1.98 g 

[Hint: .Mg(OH )2 + 2HC1-> MgClz + 2 H 2 O 

Number of moles of HCl = ^ 

= 0.017 

2 mole HCl is neutralized by 58.33 g of Mg(OH )2 
0.017 mole HCl will be neutralized by' 

5^x0.017 g Mg(OH)2 = 0.496 g] 

2. Calculate the mass of ammonia that can be produced from 
the decomposition of a sample of (NH 4 ) 2 PtQ 6 containing 
0.1 g Pt Molar mass of (NH 4 ) 2 PtQ 6 is 443.9 g moF^. 

(a) 0.0811 g (b) 0.0766g 

(c) 0.0175 g (d) 0.00766 g 

3. Consider the following data : 

Element Atomic mass 

A 12.01 

B 35.5 

A and B combine to form a new substance ‘X’. If 4 moles of 
B combines with 1 mole of A to give 1 mole of 'X' then mass 
of one mole of ‘X’ is : 

(a) 154g (b)74g 

(c) 47.5 g (d) 166 g 

[Hint : A + 4 B - >X 

Molar mass of X = 12.01 4-4 x 35.5 = 154 g moF^] 

4. Chlorine can be prepared by reacting HCl with Mn02. The 
reaction is represented by this equation : 

Mn02(s) + 4HCl(a^.)^-> a2(g) + MnClaCa^.) -f 2H2O(0 

Assuming the reaction goes to completion, what mass of 
concentrated HCl solution (36% HCl by mass) is needed to 
produce 2.5 g of CI 2 ? 

(a) 5.15 g (b) 14,3 g 

(c) 19.4g (d) 26.4 g 

5. What volume of 3M Na 2 S 04 must be added to 25 mL of 1 M 
BaCl 2 to produce 5 g BaS 04 ? 

(a) 7.2 mL (b) 8.3 mL 

(c) lOmL (d) 14 mL 


rwint f NariSQ^ + BaCL- > BaSQ^ 4- 2MaCL___^_ 

_ Mass _ _ 

--Number-of-«o]es-of-BaS 04 =^^==|-'— - 

= ^ = 0.0215 

Number of moles of Na 2 S 04 needed = 0.0215 

jfy. = 00215 
1000 

221Z = o0215 
1000 ^ 

V = 7.2mL ] 

When FeQ 3 is ignited in an atmosphere of pure oxygen, this 
reaction takes place : 

4FeCl3(5) + 302 (g) —A 2Fe203(5) + 6a2(g) 

If 3 moles of FeCl 3 are ignited in the presence of 2 moles of 
O 2 gas, how much of which reagent is present in excess and, 
therefore, remains unreacted ? 

(a) 0.33 mole FeCl 3 remain unreacted 

(b) 0.67 mole FeClj remain unreacted 

(c) 0.25 mole O 2 remain unreacted 

(d) 0.50 mole O 2 remain unreacted _ 

A self-contained breathing apparatus uses potassium super- 
oxide, KO 2 , to convert the carbon dioxide and water in 
exhaled air into oxygen, as shown by the equation : 

4K02(s) + 2H20(g) + 4C02(g)->4KHC03(s) -f 302 (g) 

How many molecules of oxygen gas will be produced from 
the 0.0468 g of carbon dioxide that is exhaled in a typical 
breath ? 

(a) 4 . 8 x 10 “ (b)6.4xl0“ 

(c)8.5xl0“ (d) 1 . 9 x 10 ^’ 

[Hint: ’ ’ 4 mole CO 2 gives 3 mole O 2 


, . 3..0.0468 

mole CO 2 will give ^ x 


mole O 2 


= 7.977 X 10^ mole 
Number of molecules of O 2 = 7.977 x 10”^ x 6.023 x 10^^ 

= 4.8 X 10 “ ] 

Antimony reacts with chlorine according to this equation : 
2Sb + 3Cl2 2Sba3 

How many grams of SbCl 3 can be prepared if 0.012 mole of 
antimony are reacted with 0,02 mole of chlorine? The molar 
mass of SbCl 3 equals 228.2 g moF^: 
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(a) 1.52 g (b)1.83g 

(c)2.74g (d)4.56g 

9. A gaseous mixture of propane and butane of volume 3L on 
complete combustion produces 10 L of CO 2 under standard 
conditions of temperature and pressure. The ratio of volumes 
of propane to butane is : 

(a) 1 : 2 (b) 2:1 

(c) 3 :2 (d) 3; 1 

10. What amount of silver will be obtained on thermal decom¬ 
position of 2.76 g of silver carbonate Ag 2 C 03 (276 amu) ? 

(a) 2.16 g (b) 0.216 g 

(c)216g (d) 21 . 6 g 

11 . PH 3 (g) decomposes on heating to produce phosphorous and 
hydrogen. The change in volume when 100 mL of such gas 
is decomposed : 

--(t^-KSOO^niL- 

_(c) -50mL _ (d l r^SOOmL _ 

[Hint : 4 PH 3 (g) P 4 (s) + 6 H 2 (g) 

VolunK of H 2 formed by decompc^ition of 1 (M) mL PH 3 

= |xl00 = 150mL 
4 

Thus, change in volume = (150 - 100) = 50 mL] 

12. What amount of BaS 04 can be obtained on mixing 0.5 mole 
BaCl 2 with 1 mole of H 2 SO 4 ? 


(a) 0.5 mole 
(c) 0.1 mole 

[Hint : BaCl 

Initially 0.5 
After reaction 0 


(b) 0.15 mole 
(d) 0.2 mole 

BaCl2 + H2SO4-^ 

0.5 1 

n 0 (1 - 0.5) 


BaS04+ 2HC1 
0 0 
0.5 2 X 0.5] 


In the reaction, 

Cr05 + H2SO4-^ Cr2(S04)3 + H2O + O2 

one mole of Cr 05 will liberate how many moles of O 2 ? 

(a) 5/2 (b) 5/4 

(c) 9/2 (d) none of these 

Calcium carbonate decomposes on heating according to the 

equation : 

CaC03(*y)-> CaCH^) + C02(g) 

At S.T.P. the volume of CO 2 obtained by thermal decompo¬ 
sition of 50 g of CaCOs will be : 

(a) 22.41itre (b) 441itre 

(c) 11.2 litre (d) 1 litre 

The volume in litres of CO 2 liberated at S.T.P. when 10 g of 

90% pure limestone is heated completely, is : 


(a) 22.4 L 
(c) 20.16L 


(b) 2.24L 
(d) 2.016L 


CaCOs 

Itnote 

(lOOg) 


CaO + C02(g) 
22AUm 
atS.T.P. 


m g CaCOs = 
9 g CaCOs ^ 


22.4 L CO 2 at S.TR 
iMx9LatS.T.R 


requires 6 mg of hydrogen for complete reduction. The 
atomic mass of the metal is,: 

(a) 27.9 (b) 159.6 

(c) 79.8 (d) 55.8 

[Hint : Z 2 O 3 + 3 H 2 (g)-> 2Z + SHjO 

6 g H 2 gives 2 mole Z 
.•. 6 X 10”^ g H 2 will give 0.002 mole Z 

Number of moles = — 

Molar mass 

0.1596 


0.002 = 


Molar mass 


Molar mass 


0.1596 . g 1 
0.002 ^ ^ ^ 


= 2.016 L CO 2 at S.T.R ] 

A metal oxide a formula 22 O 3 , It can be reduced by 
hydrogen to give free metal and water. 0.1596 g of the metal 


17. Chlorine gas can be produced by reacting sulphuric acid 
with a mixture of Mn 02 and NaCl. The reaction follows the 
equation, 

-- 

--- 

what volume of chlorine can he produced from 1 g of sodium 
chloride under standard conditions of temperature and 
pressure ? 

(a) 1.915L (b) 19.15L 

(c) 20.22L . (d) 0.191 L 

[Hint : 2 mole NaCl (117 g) = 1 mole CI 2 (22.4 L at S.T.R) 

1 g NaCl wiU give L CI 2 at S.T.R 

= 0.191 L CI 2 at S.TR ] 

18, 1 mole of a gaseous aliphatic compound, C;jH 3 „ 0 ^ is com¬ 
pletely burnt in an excess of oxygen. The contraction in 
volume is: 




(a) V ® 

(c) (d) + 

19. A mixture of CH 4 and C 2 H 4 was completely burnt in an 
excess of oxygen, yielding equal volumes of CO 2 and steam. 
Calculate the percentages of the compounds in the original 
mixture: 

(a) 25 % CH 4 and 75% C 2 H 4 (b) 30% CH 4 and 70% C 2 H 4 
(c) 75% CH 4 and 25% C 2 H 4 (d) 50% CH4 and 50% C 2 H 4 

Following questions have more than one correct answer: 

20. 1.5 g of oxygen is produced by heating KCIO 3 . How much 
KCl is produced in the reaction ? 

(a) 4,15 X 10”^ mole (b) 4.33 g 

(c) 1.78x10”^ mole (d) 1.33g 

21. Calculate the amount of lime that can be produced by heating 
100 g of 90% pure Mmestone : 

(a) 50.4 g (b) 0.98 mole 

(c) 0.9 mole (d) 56 g 

[Hint : CaCOs - ^ CaO + CO 2 

lOOg 56g 

100 g CaC 03 = 56 g CaO 


90 g CaCOa 


Number of moles of CaO 


^x90g CaO, Le„ 50.4 g CaO 
CaO= ^ = 0.9] 
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22. In an experiment, following four gases were produced. 

11.2 L of which two gases at S;T.P. wUl weigh 14 g? 

(a)N20 • (b)N02 

(c) N 2 (d) CO 

23. 2 mole of CO 2 is required to prepare ; 

(a) 336 g of NaHCOj (b) 168 g of NaHCOj 

(c) 462 g of Ca(HC 03)2 (d) 162 g of Ga(HC 03)2 


24. 8.7 g of pure Mn 02 is heated with an excess of HCl and gas 
evolved is passed into a solution of KI..Calculate the amount 
of the iodine liberated : 

(Mn = 55, Cl = 35.5,1 = 127) 

(a) 0.1 mole (b) 25.4 g 

(c) 15.4g (d)7.7g 





1 . (b) 2. (c) 3. (a) 4. (b) 5. (a) ’ 6. (a) 7. (a) 8. (c) 9. (b) 10. (a) 

11. (a) 12. (a) 13. (d) 14. (c) 15. (d) 16. (c) 17. (d) 18. (d) 19. (d) 20. (c, d) 

21. (a, c) 22. (c, d) 23. (a, b, d) 24 (a, b) 


THOUGHT TYPE QUESTIONS 



THOUGHT 1 

In a reaction vessel 100 g H 2 and 100 g CI 2 are mixed and suitable 
conditions are provided for the following reaction. 


HiCg) + Cl2(g) 


2HCl{g) 


Quantum yield of this reaction is, (|) = 10 . 

. Select the correct statement(s) for the above reaction: 

(a) Presence of light is required for this reaction 

(b) It is a chain reaction 

(c) Catalyst is required 

(d) All of the above 

L The limiting reagent in this reaction will be : 

(a) H 2 (b) CI 2 

(c) both (d) cannot be predicted 

I The actual amount of HCl form^ in this reaction is : 
(a) 102.8 g (b)73g 

(c) 36.5 g (d) 142 g 

1. The amount of excess reactant remaining : 

(a) 50g {b)97.2g 

(c) 46g (d) 64g 

K The amount of HCl formed (at 90% yield) will be : 

(a) 36.8 g (b)62,5g 

(c) 80 g (d) 92.53 g 


THOUGHT 2 

Dissolved oxygen in water is determined by using a redox 
reaction. Following equations describe the procedure: 


2Mn^'" (aq,) + 40E'(aq,) + 02 (g) -> 2Mn02(5) + 2H2O(0 

Mn02 W + 2r(aq.) + 4lt(aq.) -> Mn^*iaq.) + 

l2iaq.) + 2R20(l) 

2 S 20 l~(aq.) + l 2 (aq.) - yS 40 l~(aq.) + 2r(aq.) 

How many moles of 8203 - are equivalent of each mole of 
O 2 ? 

(a) 0.5 (b) 1 

(c) 2 (d) 4 

What amount of I 2 will be liberated from 8 g dissolved 

oxygen ? 

(a) 127g ■ (b) 254g 

(c) 504g (d) 1008g 

If 3 X 10 ^ mole O 2 is dissolved per litre of water then what 
will be the molarity of V produced in the given reaction ? 
(a)3xl0“^M (b)4x3xlO~^M 

(c) 2 X 3 X 10“^ M (d) (1/2) x 3 x 10^^ M 

Numb^ of which two chemical species will be same in the 
given procedure ? 

(a) Mn 02 (b) I 2 

(c) r (d) 820 !“ 

8 mg dissolved oxygen will consume ........... 


(d) 820 ^ 


(a) 5xl0^moleMn^^ 
(c) 10 "^ mole 


(b)2.5xl0^moleMn^'' 
(d) 2 mole Mn^'*’ 
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The answer to each of the foUowing questions is a single 
digit integer, ranging from 0 to 9. 

1. The volume of oxygen required for the complete burning of 
4 ml of methane at NTP is: 

2. How much residue is left after strongly heating 1.28 g of silver 
carbonate? 

3. The mass of marble required for the preparation of 2.8 g of 
quick lime by strong heating is: 



1. (8) CH4 + 2O2->C02 + 2H20 

1 vol. 2 vol. 

4 ml 8 ml 


2. (1) Ag2C03-> 2Ag + CO 2 + ~z^2 

276 g 216 g ^ 


3, (5) CaCOs 
100 g 


CaO + CO 2 

56 g 
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4 9.5 g of Mg is burnt in a closed vessel containing 5g of O 2 . 
The mass of excess reagent is: 

5* The amount of ammonium nitrate that should be decomposed 
for getting 2.24 litre nitrous oxide is: 

6 , Potassium permanganate in presence of dilute H 2 SO 4 reacts 
with oxalic acid (anhydrous). Write the balanced equation of 
the reaction and Find out how many moles of oxalic acid are 
oxidised by 2 moles of KMn 04 ? 


4 (2) 2Mg + O 2 -> 2MgO; 

4Sg 32 g 

48 

5g O 2 reacts with = —x5 = 7.5 g Mg 

5 . (8) NH4NO3 N2O 

80 g 22.4 Utre 

6 . (5) 2 KMn 04 + 3 H 2 SO 4 + 5 H 2 C 2 O 4 -> K. 2 SO 4 + 2 MnS 04 

+ 8 H 2 O + IOCO 2 
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Volumetric Analysis 


17.l| INTRODUCTION 

Many chemical reactions in nature, particularly in living systems, occur in aqueous 
solutions. Reactions are often carried out in the laboratory in aqueous solutions- 
because these are generally more rapid in solution than when pure solid reactants 
are nmed. A quantitative analysis is one in which the amount or concentration 
of a particular species in a sample is determined accurately and precisely. 

Volumetric analysis is a quantitative analysis. It involves the measurement 
of the volume of a knovm solution required to bring about the completion 
of the reaction with a measured volume of the unknown solution. The 
reaction used in volumetric analysis must fulfill the following conditions : 

(i) The chemistry of the reaction should be known and it should be represented 
by a definite chemical equation. 

(ii) The reaction should be instantaneous and proceed to completion over a fairly 
wide range of concentrations. 

(iii) There must be means to know the exact state of its completion. 

The process of addition of the known solution from the burette to the measured volume of solution of the substance 
to be estimated until the reaction between the two is just complete, is termed as titratiop. Thus, a titration involves two 
solutions; 

(i) Unknown solution: The solution consisting the substance to be estimated is termed unknown solution. The substance 
is termed titrate. 

(ii) Standard solution ; The solution in which an accurately known amount of the reagent (titrant) has been dissolved in 
a known volume of the solution is termed standard solution. There are two types of reagents (titrants) : 

(a) Primary standards : These can be accurately weighed and their solutions are not to be standardised before use. Oxalic 
acid (H2C204-2H20), potassium dichromate (K2Cr207), silver nitrate (AgN03), copper sulphate (CuS04-5H20), ferrous ammonium 
sulphate [FeS04(NH4)2S04-6H20], sodium thiosulphate (Na2S203*5H20), etc., are the examples of primary standards. 

(b) Secondary standards : The solutions of these reagents are to be standardised before use as these cannot be weighed 
accurately. The examples are sodium hydroxide (NaOH), potassium hydroxide (KOH), hydrochloric acid (HCl), sulphuric acid 
(H2SO4), potassium permanganate (KMn04), iodine, etc. 

Law of equivalence : It is applied in all volumetric estimations. According to it, the chemical substances react in the ratio 
of their chemical equivalent masses. 

Massof substance A _ Chemical equivalent massof A 
Massof substance B ~ Chemical equivalent massof B 


Contents : 

17.1 Introduction 

•17;2 Methods of Expressing Concentrations 
of Solutions 

17J lypes of Titratiom 

17.4 Determination of Equivalent Mass 

17.5 Calculations of Volumetric Analysis 

17.6 To Determine the Amount of Sodium 
Hydroxide and Sodium Carboime in a given 
Mixture 

17.6.1 To Determine the Amount of Sodium 
Carbonate and Bicarbonate in a Mixture 

17.7 Kjeldahl’s Rpocess 



844 


G.R.B, Inorganic Chemistry for Competitions 


or 


Mass of substance A 
Chemical equivalent mass of A 


w 

Molarity of the solution = — 

: No. of gram moles of the solute 


Mass of substance B 


Chemical equivalent mass of B 
or gram equivalent of A = gram equivalent of B 
or milli-gram equivalent of A = miUi-gram equivalent of B 
The point at which the amounts of the two reactants are just 
equivalent is known as equivalence point or end point. An 
auxiliary substance which helps in the usual detection of the 
completion of the titration or equivalence point or end point 
is termed as indicator, i.e., substances which undergo some 
easily detectable changes at the equivalence point are used as 
indicators. 

17 a i METHODS Q F EXPRES SI N G_ 


H> _ 

M~ 

w 


or Molarity x M = y = Strength of the solution 

where M is molecular mass of solute. 

Thus, strength of the solution (g/L) (i.e., No. of grams 
of the solute per litre) 

= Molarity x Molecular mass 
Solutions are generally expressed-as IM, 2 M, M/ 2 , M/ 10 , 
M/ 100 , M/ 1000 , etc. 

1 M= Molar solution = 1 gram mole of the solute 
per litre of solution 

M /2 = Semi-molar solution = 1/2 gram mole of the 


-^ CONCENTRATIONS OE SOLUTIONS 

The concentration of a solution can he expressed in various 
ways: 

h Per cent by mass: The percentage by notass of a 
solute in a solution is 100 times the mass of the solute divided 
by the total mass of the solution. 


% Solute - 


Mass of solute in grams 


xlOO 


Mass of solutionin grams 

Thus, 10 % solution of sodium chloride means 10 grams of 
sodium chloride is present in 100 grams of the solution, le., 
10 grams of sodium chloride has been dissolved in 90 grams 
of water. 

2. Molarity (Molar concentration): It is a common 
method for expressing the concentration of solution. It is 

defined as the number of moles of the solute per litre of 
the solution. 

Molarity 


or 


Number of milU - mpleS of the solute 
Molarity Number of milli - lilies of ti&e Solution 


or Molarity x Number of litres of solution 

= Number of moles of solute 

or Molarity x Number of milli-litres of solution 

= Number of milli-moles of solute 

When a solution is diluted by adding mom of the solvent, the 
number of moles does not change. The volume of solution and 
its concentration do change. Let the initial molarity and volume 
be M| and V| and the molarity and volume after dilution be M2 
and V2 respectively. 

Fj X M| = Number of moles of solute = V2 x M2 
or = ^ 2^2 (Molarity equation) 

Let w grams of the solute of molecular mass M be 
dissolved in V litres of solution. 


solute per litre of solution 

solute per litre of solution 

M /100 = Centi-molar solution = 1/100 gram mole of the 

solute per litre of solution 
M /1000 = Milli-molar solution = 1/1000 gram mole of the 

solute pea- litre of solution 

3. Molality : It is defined as the number of gram moles 
of the solute present in 1 kg of the solvent. 

\ , 1 Number oiE gram moles of ihe solute 

Molality =-— — : ^ - ’ 

6 Nurnberof kilog^s of^he solvM^ 

Let w grams of the solute of molecular mass M be present 
in W grams of the solvent 

MolaUty=^!^ = ^|5^Xiq00 

If the density of the solution is known, then molality can be 
converted into molarity and vice-versa. 

4. Mole fraction: This method is used when the 
solution is constituted by the use of two or more components. 
The mole fraction of a substance is defined as the number of 
moles of the substance divided by the total number of moles 
of the solution. Taking three components A, B and C, 


Components 

-- A , 

B 

c 

Mass (grams) 

Wi 

- 

^3 

Molecular mass 

mi 

m2 


No. of gram moles 

Wi 

nil : 


.VV3; 

: ^3 


Total number of gram moles 


Mole fraction of A, (/]) = 


Mole fraction of 5 , (/2) 


nil ^ ^3 

Wi 

nti 

nil ^ ^3 

mi 

mi mi m3 
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Mole fraction of C, (/a) = 


m 3 




mj m 2 m 3 

The sum of mole fraction of a solution is equal to 1, Le., 
/l + /2 + /3 =1 

5. Normality: It is defined as the number of gram 
equivalents of the solute present in one litre of the solution. 

Number of gram equivalents of the solute 


Normality = 


Number of litres of the solution 


or 


Normality = 


Number of mg equivalents of the solute 
Number of mL of the solution 


or Normality x Number of litres of solution 

= Number of gram equivalents of the solute 

Let w grams of the solute having eq uivalent mas s E b e 
pr^ent in V litres of the solution. 

-- ^ 

Normality = — = 

w 

or Normality x E = y 

Normality x Equivalent mass of the solute 

= StrengA of the solution (g/L.) 
Solutions are expressed as I N, 2 N, 0.5 N, 0.1 N, 0.01 N, 
0.001 N, etc. 

IN = Normal = One gram equivalent of the solute per 

litre of solution 


0.5N = Semi-normal = Half gram equivalent of the solute 

per litre of solution 

0. IN = Deci-normal = 1/10 gram equivalent of the solute 

per litre of solution 


O.OIN = Centi-normal = 1/100 gram equivalent of the 

solute per litre of solution 

0.00 IN = MUli-normal = 1/1000 gram equivalent of the 

solute per litre of solution 

Normality equation: Let there be two solutions of 
substances A and B and Vi mL of solution A be chemically 
equivalent to V 2 mL of solution B. Let the equivalent mass of 
A and B be E\ and £2 respectively. Let the normalities and 
strengths (g/L) of these solutions be Nj, Sj and N 2 , S 2 
respectively. 

Vi mL of the solution will contain substance A 

Vi mL of the solution will contain numbar of g equivalents 
of substance A 


5, XV, 


lOOOxEi 

Similarly, V 2 mL of the solution will contain number of g 
equivalents of substance B 

— *^2 XV 2 


1000x^2 


So, 


or 


At equivalence point, these two will be equal, 
S] xV, _ S2 X V2 

lOOOxE, “1000XE2 

|xv,=^xy 2 

Strength 

We know that Equi^deSTmali = Normality 


So, = N 2 V 2 (Normality equation) 

Relationship between normality and molarity: We 
know that, 

Strength of the solution (g/L) = Normality x Equivalent mass 
Similarly, 

Strength of the solution (g/L) = Molarity x Molecular mass 

Normality _ Molecular mass of the substance _ ^ 
^^olarity Equivalent mass of the substa nc e _ 

or _ N ormality = n X Molarity _. .- - .:. 

In the case of acids, ‘n’ is basicity of acids while in the case 
of bases, V is acidity of bases. 


Add 


Base 

Aridity 

HCl 

1 

NaOH 

1 

HNO3 

1 

KOH 

1 

H2C204-2H20 

2 

Ba(OH)2 

2 • 

H2SO4 

2 

Ca{OH)2 

2 

H3PO4 

3 

A1(0H)3 

3. 


ifm TYPES OF TITRATIONS 

Titrations can be classified as; 

1. Acid-base titrations or acidimetry and alkalimetry 

2. Oxidation-reduction titrations or redox titrations 

3. Precipitation titrations 

4. Complexometric titrations. 


^ (1) Acid-base Titrations 

When the strength of an acid is determined with the help of 
a standard solution of base, it is known as acidimetry. Similarly, 
when the strength of a base (alkali) is determined with the help 
of a standanl solution of an acid, it is known as alkalimetry. 
Both these titrations involve neutralisation of an acid with an 
alkali. In these titrations H'*' ions of the acid combine with OH“ 
ions of the alkali to form unionised molecules of water. 


HA + BOH-> BA + H 2 O 

Acid Alkali Salt Water 

or H^ + A” + B+ + OH^-> B+ + A~ + H2O 

or If + OH“-> H 2 O 

The end point in these titrations is determined by the use of 
organic dyes which are either weak acids or weak bases. 
These change their colours within a limited range of hydrogen 
ion concentrations, Le,, pH of the solution. Phenolphthalein is 
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a suitable indicator in the titrations of strong alkalies (free from 
carbonate) against strong acids or weak acids. Methyl orange 
is used as an indicator in the titrations of strong acids against 
strong and weak alkalies. As no indicator gives correct results 
in the titrations of weak acids against weak bases, such titrations 
are performed by some other methods (physical methods). 

^ (2) Oxidation-reduction Titrations 

The titrations based on oxidation-reduction reactions are 
called redox titrations. The chemical reactions proceed with 
transfer of electrons (simultaneous loss or gain of electrons) 
among the reacting ions in aqueous solutions. Sometimes these 
titrations are named after the reagent used, as: 

(i) Permanganate titrations : These are titrations in 
which potassium permanganate is used as an oxidising agent 
in aci dic m edium. The mediu m is m aintained by the use of 
dilute sulp huric acid. Potassium permanganate acts as a self¬ 
indicator. The potential equation, when potassium pOTnahga- 
nate acts as an oxidising agent, is: 

2 KMn 04 + 3H2SO4-» K2SO4 + 2 MnS 04 + SHjO + 5 [ 0 ] 

or MnOi + 8 H* + 5 e-^ Mn^’" + 4H2O 

Before the end point, the solution remains colourless (when 
KMn04 solution is taken in burette) but after the equivalence 
point one extra drop of KMn04 solution imparts pink colour, 
L e., appearance of pink colour indicates the end point. Potassium 
permanganate is used for the estimation of ferrous salts, 
oxalic acid, oxalates, hydrogen peroxide, etc. The solution of 
potassium permanganate is always first standardised before its 
use. 

(ii) Dichromate titrations : These are titrations in which, 
potassium dichromate is used as an oxidising agent in acidic 
medium. The medium is maintained acidic by the use of dilute 
sulphuric acid. The potential equation is: 

K 2 Cr 207 + 4H2SO4- > K2SO4 + Cr2(804)3 + 4H2O + 3 [ 0 ] 

or Cr207"+ 14 H+ + 6 e -> 2 Cr^^ + 7H2O 

The solution of potassium dichromate can be directly us^ 
for titrations. It is mainly used for the estimation of ferrous 
salts and iodides. In the titration of K2Cr207 versus ferrous salt 
either an external indicator (potassium ferricy anide) or an internal 
indicator (diphenyl amine) can be used. 

(iii) lodimetric and iodometric titrations : The reduc¬ 
tion of free iodine to iodide ions and oxidation of iodide ions 
to free iodine occurs in these titrations. 

I2 + 2e -> 21'“ (reduction) 

21”-> I2 + 2e (oxidation) 

These are divided into two types : 

(a) lodimetric titrations; These are the titrations in 
which free iodine is used. As it is difficult to prepare the 

solution of iodine (volatile and less soluble in water), it is 

dissolved in potassium iodide solution. 


KI + I2-> KI3 

Potassium tri-iaiifte 

This solution is first standardised before use. With the 
standard solution of I2, substances such as sulphite, thio¬ 
sulphate, arsenite, etc., are estimated. 

(b) Iodometric titrations: In iodometric titrations, an 
oxidising agent is allowed to react in neutral medium or in 
acidic medium, with excess of potassium iodide to liberate free 
iodine. 

KI + Oxidising agent-> I2 

Free iodine is titrated against a standard reducing agent 
usually with sodium thiosulphate. Halogens, oxyhalogens, 
dichromates, cupric ion, peroxides, etc., can be estimated by 
this method. 

-12 + 2Na2S-203 2 NaI -t- Na284Qg_ _ 

-- 2 GUSO- 4 +- 4 KT—^~eu 2 l 2 -^ 2 K 2 S 04 ^-l 2 — 

K 2 Cr 207 +6KI+7H2SO4 ^ Cr 2 (S 04 ) 3 +4K2SO4+7H2O+3I2 

In lodimetric and iodometric titrations, starch solution is 
used as an indicator. Starch solution gives blue or violet colour 
with free iodine. At the end point the blue or violet colour 
disappears when iodine is completely changed to iodide. 

s (3) Precipitation Titrations 

The titrations which are based on tiie formation of insoluble 
precipitates, when the solutions of two reacting substances are 
brought in contact with each other, aie called precipitation 
titrations. For example, when a solution of silver nitrate is 
added to a solution of sodium chloride or a solution of ammonium 
thiocyanate, a white precipitate of silver chloride or silver 
thiocyanate is formed. 

AgNOs + NaCl-> AgCl -h NaN03 

AgNOs + NH4CNS-> AgCNS + NH4NO3 

Such titrations involving silver nitrate are called argento- 
metric titrations. 

* (4) Complexometric Titrations 

A titration, in which an undissociated complex is formed at 
the equivalence point, is called complexometric titration. 
These titrations are superior to precipitation titrations as there 
is no error due to co-precipitation. 

Hg^+ + 2 SCN“‘->, Hg(SCN)2 

Ag^ + 2CN--> [Ag(CN)2]- 

EDTA (ethylenediaminetetraacetic acid) is a useful reagent 
which forms complexes with metals. In the form of disodium 
salt, it is used to estimate and Mg^"^ ions in presence of 
erichrome black-T as an indicator. 
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17 .^ 


DETERMINATION OF EQUIVALENT 
MASS 


Equivalent mass is defined as the number of parts by mass, a 
chemical species combined with or displaced by 1.008 parts 
of hydrogen, 8 parts of oxygen or 35.5 parts of chlorine. 
Equivalent mass is not a constant number. It may change from 
reaction to reaction especially in the case of redox reactions, 
(i) Equivalent mass of an acid : Equivalent mass of an 
acid is defined as the number of parts by mass of it which con¬ 
tains 1.008 parts by mass of replaceable hydrogen or it is the 
quantity of the acid by mass that supplies one mole of ions. 

^ ■ j Molecular mass of the acid 

Eq. mass of acid = —— r- - - - -— ,. ^ ^ — - 

Number of replaceable H atoms 

Molecular mass of the acid 


Basicity^frthe-aeid- 


—basicity-of~an^cid^s~equai~to~nuiintoer ofTeplaceable 
hydrogen atoms present in one molecule of the acid. 


Acid 

Basicity 

Mol. mass 

Eq. mass 

HCl 

1 

36.5 

~ = 36.5 

HNO 3 

1 

63 

Y = 63.0 

H 2 SO 4 

2 

98 

f =49.0 

CH 3 COOH 

1 

60 

Y =60.0 

H 2 C 204 - 2 H 20 

2 

126 

= 63.0 

H 3 PO 4 

3 

98 

f =32.7 

H 3 PO 3 

2 

82 

f=4,.0 

H 3 PO 2 

1 

66 

Y = 66.0 


(ii) Equivalent mass of a base : Equivalent mass of a 
base is the quantity of the base by mass that completely reacts 
with one gram equivalent of an acid. For example, 

CaO + 2HC1->CaCl 2 + H 20 

56 2 X 36.5 

2 g equivalent 

Hence, equivalent mass of CaO =^= 28.0 

^ u Molecular mass of the base 

Eq. mass or a base =- . . , - 

^ Acidity or the base 

Acidity of an alkali is the number of replaceable OH" ions 

present in one molecule of the base. 


Alkali 

Acidity 

Mol. mass 

Eq. 1 

mass 

NaOH 

■ 1 

40 

40 

T = 

40 

KOH 

1 

56 

56 

■ 1 ■ 

56 

Ca(OH)2 

2 

74 ' ' 

II 

37 

NH 4 OH 

1 

35 

35 

1 ' 

35 


(iii) Equivalent mass of a salt : It is defined as that 
mass of the salt which reacts with one gram equivalent of an 
acid or a base or some other salt. For example, 

(a) Na 2 C 03 + 2HC1-> 2NaCl + CO 2 + H 2 O 

2 g equivalent 

Mol, mass ofNa 2 C 03 


1 mole 

Eq. mass of sodium carbonate = 


(b) AgNOa + HCl-> AgCl + HNO 3 

1 mole 1 g equivalent 


Eq. mass of AgNOa = 


Mol. mass of AgNOa 

i 


(c) NH4CI + NaOH-> NHa + NaCl + H2O 

1 mole 1 g equivalent 

T- .c XTTT Mol. mass of NH 4 CI 

Eq. mass of NH 4 CI = -j- - — 


_ ( d i BaCE + NaoCO.-» RaCOa + 2 NaG]___ 

1 mole 2 g equivalent 

1- Mol. mass of BaCl2 

Eq. mass of BaCl2 = -2- 

Alternatively, Eq. mass of the salt 

_ Mol, mass of the salt _ 

~ Total no. of positive or negative valencies of the radicals 

Eq. mass of CaC03 = =50 

(iv) Equivalent mass of an oxidising agent: 

(a) AvaUable oxygen concept: It is the mass of an 
oxidising agent which provides 8 grams of oxygen for 
oxidation. For example, 

K2Cr207 + 4 H 2 SO 4 -> K 2 SO 4 + Cr2(S04)3 + 4 H 2 O + 3[0] 

294.2 g 3 X 16 

= 48g 

704 7 704 7 

Eq. mass of K2Cr207 = ^^><8 = ^^ = 49.04 

Potassium permanganate acts as an oxidising agent in acidic, 
alkaline and neutral mediums. 

Acidic medium: 


2KMn04 + 3H2SO4 

2 X 158 g 


K 2 SO 4 + 2 MnS 04 + 3 H 2 O + 5[0] 

5 X 16 

= 80g 


2x158x8 158_^1^ 
Eq. mass of KMn 04 = -- -31.0 


80 


Alkaline medium: 

2KMn04 + 2KOH 

2 X 158 g 


K2Mn04 + 3 H 2 O + [O] 

2x8 = 16g 


Eq. mass of KMn 04 = ^ x 8 = 158 


Neutral medium : 


2KMn04 + H2O 

2x 158g 


2Mn02 + 2KOH + 3[0] 

3xl6 = 48g 


Eq. mass of KMn 04 = = ^ = 52.67 
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(b) Electron concept: The equivalent mass of an 
oxidising agent is the molecular mass of the oxidising agent 
divided by the number of electrons gained by one mole of the 
oxidising agent: 

Eq. mass of an oxidising agent 

__ Molecular mass _ 

No. of electrons gained by 1 mole 

Examples: 

(i) Acidified K 2 Cr 207 : 

Cr207” + 14 H^ + 6 e -> + 7H2O 

Eq. mass of KsCtsO, =Moleci^rmMS 

= ^^=49.03 

(ii) Acidified KMn 04 ; 

MnOj + 8 H^ + 

^ ^ Molecuiar mass 

Eq. mass of KMn 04 = -^-- 

= f=31.6 

(iii) Alkaline KMn 04 : 

Mnd4 + e - > MnOl” 

Eq. mass = Mol. mass = 158.0 

(iv) Neutral KMn 04 : 

Mn04 + 2 H 2 O + 3e-^ Mn02 + 40H 

^ Mol. mass 158 

Eq. mass of KMn 04 = -^= 52.67 

(c) Oxidation number concept: According to this 
concept, 

. , Molecular mass 

Eqmv ent mass - change in oxidation number 

Examples : 

(i) Acidified K 2 Cr 207 is reduced to chromic sulphate in 
presence of dilute sulphuric acid. 

K2Cr207 -> Cr 2 (S 04)3 

O.N. for O.N. for 

2Cr atoms = +12 2Cr atoms = +6 

Total change in O.N. = (12 - 6 ) = 6 

.. ^ ^ Mol. mass _ 294.2 

Eq. mass of K 2 Cr 207 =-g- ~ 6 ~“ 49.03 

(ii) KMn 04 (acidic medium), KMn 04 -> ^804 

Change in O.N. = (7 - 2) = 5 

X, Mol.mass 158 ^ 

Eq. mass =-g-= -g-= 31.6 

+7 46 

(iii) KMn 04 (aUcaline medium), KMn 04 -> K 2 Mn 04 

Change in O.N. = (7 - 6 ) = 1 
Eq. mass = Mol. mass = i58 
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(iv) KMii 04 (neutral medium), KMn 04 - > Mn 02 

Change in O.N. = (7 - 4) = 3 

X, Mol. mass 158 

Eq. mass =- ^52.67 

(v) Equivalent mass of a reducing agent: 

(a) Available oxygen method : The amount of reducing 
agent which combines with 8 g of oxygen is called its equivalent 
mass. 

Examples : (i) Acidified ferrous ammonium sulphate : 

2[FeS04-(NH4)2S04-6H20] + H2SO4 + O-> Fe 2 (S 04)3 

2 mol, mass 16 g 

+ 2(NH4)2S04 + I3H2O 
Eq. mass of ferrous ammonium sulphate 
2 Mol. mass, 


16 


!x 8 


= Mol. mass = 392.0 


(ii) Oxalic acid : 
COOH 

I ■ 2H2O + O 


rcooH ^ 

2 H 2 O 


COOH 


COOH 

1 mol. mass 


2 C 02 + 3 H 20 


16 g 


Eq. mass of oxalic acid = 


Mol. mass 


x8 = 


126x8 


= 63.0 


16 16 

(b) Electron concept: Equivalent mass of a reducing 
agent is equal to molecular mass divided by the number of 
electrons lost by one n^le of the substance during its oxidation. 

Examples : (i) Acidified ferrous ammoipum sulphate : 

Fe^^-> Fe^'*' + c ’ 

Eq. mass = Mol. mass 

(ii) Oxalic acid: 

C 204 “-» 2 CO 2 + 2 e 

T’ Mol. mass 126 „ 

Eq. mass = - 2 -~ ^ = ”3.0 

(c) Oxidation number concept: According to this 
concept, 

Equivalent mass of reducing agent 

_ Molecular mass ( _ 

“ Total change in O.N. of the oxidised element per molecule 

Examples : (i) Ferrous ammonium sulphate : 

+2 - * +3 

2 FeS 04 -^ Fe 2 (S 04)3 

Change in O.N. per Fe atom = (3 - 2) = 1 
Eq. mass = Mol. mass 
(ii) Oxalic acid: 

46 +8 

H 2 C 2 O 4 -> 2 CO 2 

O.N. per C atomic O.N. per C atom 

ss +3 ~ +4 

Total change in 'O.N. = (8 - 6 ) = 2 

^ Mol. mass 126 ^ 

Eq. mass = -—tj -= 63.0 
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17.5 CALCULATIONS OF VOLUMETRIC 
ANALYSIS 


The following points should be kept in mind while making 
calculations of volumetric exercises. 

(i) 1 g equivalent mass of a substance reacts completely 
with 1 g equivalent mass of any other substance. 1 g equivalent 
mass of a substance means equivalent mass of the substance 
in gran^. For example, 

1 g equivalent mass of NaOH = 40 g of NaOH 
1 g equivalent mass of H 2 SO 4 = 4^ g of H 2 SO 4 
1 g equivalent mass of KMn 04 in acidic medium 

= 31.6 g of KMn 04 

1 g equivalent mass of hydrated oxalic acid 
_ __^3^ crfJhydtatejdjoomlic 


Note ; Equivalentjnassdls^avarmble.^quanti^-and;-depends^ 0 R-fee- 
reaction in which the substance takes part. The nature of 
the reaction should be known before writing the gram 
equivalent mass of the substance. For example, in the 
reactions : 

2NaCl + 2H2SO4-^ 2NaHS04 + 2HC1 .. .(i) 

2Naa + H2SO4—> Na2S04 + 2HC1 ,..(ii) 
The value of g equivalent mass of H2SO4 in reaction (i) is 
98 g and in reaction (ii) 49 g. 


(ii) Number of g equivalents 

Mass of the substance in gram 
“ Equivalent mass of the substance 


^ , Mass of the substance m gram 

Number of g moles —z -j-r-r~- 

® Molecular mass of the substance 

_ Volume in litres of the substance at N.T.P. 
22.4 


(only for gases) 


Number of milli-equivalents = 
Numbo- of milli-moles = 


Mass in gram x 1000 
Equivalent mass 
Mass in gramx 1000 
Molecular mass 


..... . . No.ofmoles of the solute w 

{m) Molanty ~ solution ^ mxV 


Molarity x molecular mass = Strength of the solution (g/L) 
No, of moles of the solute = Molarity x No. of litres of solution 


Mass of the solute in g(w) = Molarity x No. of litres of 

solution X Mol. mass of solute 
No. of g equivalents of the solute ^ 

= ife ofTTmsTf thTsoiution- = 

Normality x Equivalent mass = Strength of the solution (g/L) 
No. of equivalents of the solute = 

Normality x No. of litres of solution 

Mass of the solute in g (w) = Normality x No. of litres of 
solution X Eq. mass of the solute 


Molecular mass _ ^ _ Normalil> 

Equivalent mass Molarity 

Normality = « x Molarity 

(iv) Normality equation : When solutions A and S 
react completely. 

NaVa = NsVb 

Normality of A x volume of A=Normality of B x volume of B 
Strength A _ Strength B 

or A ^ k A jr» ^ H 

Eq. mass A Eq. mass B 

(v) When the solution is diluted, the following formulae can 
be applied: 

NiVi = N 2 V 2 
or AfiVi = M2V2 

_____ 

___ Before dilution = A f te r dilution __ -■- 

(vi) If a number of acids are mixed, the combinoi normality 
of the mixture, is given : 

- ViV, + N2V2 + V3V3 . . 

where I4 is the total volume of the mixture, Ni and V| are the 
normality and volume respectively of one acid, N2 and 
the second acid, and so on. 


SOME WORKED EXAMPLES 


Example 1. What is the equivalent mass of: 

(a) when neutralized to HPOf' 

(b) HClOi 

(c) NalO^ when reduced to 

(d) NalO^ when reduced to Ij 

(e) Al(OH}j. 

Solution: 

(a) Molecular mass of H 3 PO 4 = (3 + 31 + 64) = 98 g. 
H 3 PO 4 when neutralised to HPOl”, two ions have been 
replaced. 

_ _ Mol, mass _ 

Thus, Eq. mass - j-gpiaceable hydrogen atoms 

98 .nn 
=y= 49.0 g 

(b) HCIO 4 molecule contains one replaceable hydrogen atom. 


Thus, Eq. mass = 

(c) 


Mol. mass 1005 


1 

NalOj 

+5 


1 

r 


= 100.5 


Oxidation no. +5 -1 

Change in oxidation number = 6 
Mol. mass of NalOj = (23 + 127 + 48) = 198 g 
Mol. mass 198 


Eq. mass of NaI 03 


(d) 


” Change in O.N. 6 

NaI 03 -> I 2 

+5 0 


= 33.0 


Oxidation no. 
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Change in oxidation no, = 5 

Eq. mass of NaI 03 = ^ = 39.6 

(e) The acidity of A](OH )3 is 3, 

_ __MoL mass _ 78 ^ _ 

Eq. mass of Al{OH )3 = "Xcidit^ ~~ T ^ ^ ^ 

Example 2, Calculate the amount of KMnO^ present in 
200 mL 0.1 N solution in acidic medium (Eq, mass KMn 04 = 
31.6). 

Solution : Strength of the given solution 

= Normality x Eq. mass 

= 0.1 X 3L6 = 3.16 g/L 

Amount of KMn 04 in 200 mL = x 200 = 0.632 g 

- Examp le 3 « ^ g o^sodiumr^kydmxide4s-pmsent^in^l^^ 

mL of Jhe^solutiom W normality? _ 

Solution t 

04 

Strength of the solution = j^xlOOO 

=4.0 g/L 
Strength 

We know that, Normality = . xnass 

Eq. mass of N|OH - 40 

4 1 

Normality = — = — = 0.1 W 


Example 4. Determine the number of g equivalents of 
solute in (a) 100 mL of 5 NHCl (b) 250 mL ofOA N Na 2 COy 
Solution : 

We know that 


Number of g equivalents = Normality x Vol. of solution (litres) 

100 

(a) Number of g equivalents of HCl = 5 x = 0.5 

(b) Number of g equivalents of Na 2 C 03 


= 0.1 


250 

1000 “ 


0.025 


Example 5. Calculate the number of grams of solute in 

(a) 250 ml N/10 HCl 

{b) 500 mL NflO NafCO^ solution. 

Solution ; 

(a) No. of g equivalents of HCl = ^ ^ 


Mass of HCl = No. of g equivalents x Eq. mass 
= ^ X 36.5 = 0.9125 g 

(b) No. of g equivalents of Na 2 C 03 ^ 

Mass of Na 2 C 03 = No. of g equivalents x Eq. mass 
= ^x53= 1.33 g 


Example 6 . What volume of HCl of IN HCl be taken to 
form 500 mL NHO solution of HCD 

Solution: 

L^t Vi volume of 2 iV HCl be taken. 

Applying the foimula, 

Ai = 

*’ (Before dilution) 

iVi = 2 A, = % N 2 = MIO 
So, 2 X Vi = 

v,= 

Le., 25 mL 2 N HCl is diluted by addition of 475 mL water to 
get 500 mL MIO HCl solution. 

Example?. What volumes of 12 N HCl and 3 N H Cl must 

be mixed to form one litre 6 N HCl ? _ 

Solution: — 

Let X mL of 12 A^HCl and y mL of 3 AHCl be mixed to form 
one litre 6 N HCl. 

So, ;c + y= 1000 ...(i) 

Applying the formula Ni V^+.N 2 y 2 = NfV^, 


N2V2 

(After dilution) 
and V 2 = 500 mL 

' x500 


10 

500 

10 x 2 


= 25 mL 


Ni = 12 N, Vj = ;c, iV 2 = 3 N, V 2 = y, = 6 N, F 3 = 1000 
So, 12a: + 3>’ = 6 X 1000 •■•(ii) 

Putting the value of 3 ? = (1000 -a:) from eq. (i) in eq, (ii), 
12x + 3(1000 -x) = 6000 
or 12x- 3a: + 3000 = 6000 

or 9x = 3000 


a: = 


3000 

9 


= 333.3 mL 


So, = (1000 -x) = (1000 - 333.3) = 666.7 mL 

i.e., 333.3 mL 12 ii? HCl and 666.7 mL 3 A? HCl are mixed. 


Example 8 . (a) What is the normality of a 96 per cent 
solution of H 2 SO 4 of specific gravity 1.84 ? 

(b) How many mL of 96 per cent sulphuric acid solution is 
necessary to prepare one litre O.l N H 2 SO 4 ? 

(c) To what volume should 10 mL of 96 per cent H 2 SO 4 be 
diluted to prepare 2 N solution ? 

Solution: 

Mass of 1 litre of H 2 SO 4 solution = Vol. x Density 

= 1000 X 1.84 


= 1840 g 

Mass of H 2 SO 4 present in one litre 96% H 2 SO 4 solution 

= ^ X 1840 

= 1766.4 g 

Strength of H 2 SO 4 solution = 1766.4 ^L 
Strength 1766!4 


(a) Normality 


"Eq. mass 49 


= 36.05 N 
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(b) Let the volume taken be Vi mL. 
Applying ^iVi 

N, = 36.05 N, V, = ?, N 2 = 


V 2 = 1000 mL 


Strength = Normality x Eq. mass 


Eq. mass of the acid = 0 ^25 


36.05 X Vi X 1000 

c 1 / _ 1000 r 

So, Vi - 3005x10 - ^ 

i.e., 2.77 mL of H 2 SO 4 is diluted to one litre. 

(c) NbVb = 

Before dilution After dilution 
10 X 36.05 = X 2 

= 180.25 mL 

Le., 10 mL of given H 2 SO 4 is diluted to 180.25 mL. 

-Example^: Whatisrthestrmgth^gpefUfreofasMutidrr 
~ 0 f-sulphur^<midr^-tfil:r^wkwhrn^iraU^^ 
sodium hydroxide solution? 

Solution : 

Applying NiVi = N 2 V 2 

(NaOH) (H 2 SO 4 ) 

^ X 15 = iV 2 X 12 

"2 =i^ = »•'« 

Normality x Eq. mass = Strength (g/L) 

Strength = 0.125 x 49 = 6.125 g/L 

Example 10. 4.9 g of H 2 SO^ is present in 100 mL of the 
solution. What is the molarity of the solution? Calculate its 
normality also. 

Solution: 

Strength (g/L) of H 2 SO 4 X 1000 = 49 

Molarity = 0.5 M 

MoLmass 98 

Normality = n x Molarity 

^ MoLmass _ 98 ^ 

^ " Eq.imss 49 ~ ^ 

Normality = 2 x 0.5 = 1.0 

Hence, the H 2 SO 4 solution is 1 N. 

N 

Example 11. 25 mL of |q caustic soda solution exactly 

neutralizes 20 mL of an acid solution containing 7.875 g of 
acid per litre. Calculate the equivalent mass of the acid. 

Solution : 

= N 2 V 2 
(NaOH) (Acid) 

X 25 = iV 2 X 20 

= Iolo= 


Example 12. 150 mL of HCl is required to react 

completely with LO g of a sample of limestone. Calculate the 
percentage purity of calcium carbonate. 

Solution : 

150 mL ^ HCl = 150 mL ^ CaCO^ 


CaCOj + 2HC1 
Mol. mass 2gEq. 


CaCl 2 + H2O + CO2 


40+12 + 48 100 


Eq. mass of CaCOg = ” H = 50 _ 

_ Mass of CaCQn present in -150mL MLQ_sc>lutioii — 

'™4>‘ira='’'’5g[/^xExj^g] 

Purity =^^xl(X)= 75% 

13, 0.63 g of was dissolves'^ 

water. The volume of the solution was made 100 mL, 20 mL 

N 

of this acid solution required 10 mL y NaOH solution. What 
is the equivalent mass and molecular mass of the acid? 
Solution : 

N 2 V 2 

(Acid) (NaOH) 

N, x 20 = |x 10 

A,r _ 1x10=1 

~ 5 20 10 

Strength of the acid solution = Eq. mass of the acid 

x Normality 

= 8'^- 

E 100 E 

Mass of acid in 100 mL of the solution = Jq ^ Jqqq “ 

Mass of acid in 100 mL of the solution = 0.63 g (given) 

F 

' n ^ /X w~l 


:= 0.63 


£ = 63 


Mol. mass = Basicity x Eq. mass 
= 2 x 63 = 126 

Example 14. 10.875 g of a mixture of NaCl and Na 2 CO^ 

was dissolved in water and the volume made upto 250 mL, 

N 

20 mL of this solution required 75.5 mL of Jq H 2 SO 4 . Find 
out the percentage composition of the mixture. 

Solution : 

Only Na 2 C 03 will react with H 2 SO 4 . 

Applying A/iVi = NoVo 

(Na 2 C 03 ) (H 2 SO 4 ) 
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iVj X 20 = 75.5. 


iVi = 


155 


10 

= 0.3775 


Na2C03 + H2SO4 
1 mol. mass 2 g eq. 


20x10' 

^ Na 2 S 04 + ,H20 + CO 2 


106 


Eq. mass of Na 2 C 03 = = 53 

Mass of Na 2 C 03 present in 250 mL 0.3775 N solution 

_ ArxExV _ 0.3775x53x250 
“ 1000 1000 
= 5.0018 g 

Mass of NaCl = (10.875 - 5.0018) = 5.8732 g 
Na2C03 = X 100 = 45.99% 

^NaCl^^||x _100 = 54 .0%.^_^_ 

- Example 15. A quantity of ammonium chloride was heated 
with 100 mL of 0.8 N NaOH solution till the reaction was 
complete. The excess of NaOH was neutralised with 12.5 mL 
of0.15NH2SO^. Calculate the quantity of ammonium chloride. 

Solution : 

12.5 mL of 0.75 N H 2 SO 4 = 12.5 mL of 0.75 N NaOH 
12.5 mL of 0.75 N NaOH = 11.72 mL of 0.8 N NaOH 
NaOH solution used by NH 4 CI 

= (100 - 11.72) mL of 0.8 N NaOH 
= 88.28 mL of 0.8 N NaOH 
= 88.28 mL of 0.8 N NH 4 CI 

Mass of NH 4 CI present in 88.28 mL of 0.8 NNH 4 CI solution 

NxExy ^0.8x53.5x88.28 
" 1000 1000 

= 3.7783 g 

[Eq. mass of NH 4 CI = 53.5] 
Example 16. A sample of Na2COyH20 weighing 0.62 g 
is added to 100 mL o/O.l N sulphuric acid. Will the resulting 
solution be acidic, basic or neutral? {At. mass H — I, C =12, 
O = 16, Na = 23, S = 32] 

Solution : 

Mass of Na 2 C 03 -H 20 = 0.62 g 

Mass _ 0.62 

No. of g equivalents = Eq.mass“ 62 = 

124 

[Eq. mass of Na 2 C 03 H 20 =“^= 62] 
No. of g equivalents of H 2 SO 4 in 100 mL = ^qqq x 100 

= —= 0 01 
10 

Both the substances are present in same equivalent; they 
will completely neutralise each other and, hence, the resulting 
solution will be neutral. 


Example 17. 0.1435 g AgCl is obtained from 20 mL 
HCl. Determine the normality of the acid. [H = I, Cl = 35.5, 
Ag = 108] 

Solution: 

AgN 03 + HCl —^ AgCl + HNO 3 
170 36.5 143.5 

1 g eq. 1 g eq. 1 g eq. 

Mass of AgCl obtained = 0.1435 g 

No. of g equivalents 0.001 

ThUSj 20 mL of HCl wiU also contain 0.001 g equivalent of 
HCl. 

Normality of HCl = x 1000 
= 0.05 N 


"^^’’"'^^^^^TSr^/WMTofWClWemcityniutfaTiWd'tflTr" 
mL of~NdOH~siMtiufr^hre~reMtti^~rrentml^df^ W~ 
evaporated to dryness and the residue is found to have a mass 
0 / 0.117 g. Calculate the normality of the HCl and NaOH. 

Solution: 

HCl + NaOH-> NaCl + H 2 O 

36.5 40 58.5 

1 g eq. 1 g eq. 1 g eq. 

Mass of NaCl obtained = 0.117 g 
Eq. mass of NaCl = 58.5 

No. of g equivalents of NaCl = = 0.002 

Thus, 0.002 g eq. of HCl wiU react with 0.002 g eq. of 
NaOH to form 0.002 g eq. NaCl. 

Normality of HCl = x 1000 = 0.05 N 

Normality of NaOH = ^ 20 ^ ^ ~ ^ 

Example 19. 1.03 g mixture of sodium carbonate and 

calcium carbonate require 20 mL N HCl for complete 
neutralisation. Calculate the percentage of sodium carbonate 
and calcium carbonate in the given mixture. 

Solution : 

Na 2 C 03 + 2HC1-> 2NaCl + H 2 O + CO 2 

1C6 2x36.5 

Eq. mass 53 36.5 

1 g eq. 1 g eq. 

CaCO, + 2HC1-> CaCL + H 2 O + CO 2 

100 2x 36.5 
Eq. mass 50 36.5 

1 g eq. 1 g eq. 

Let X g CaC 03 be present in the mixture. 

Mass of Na 2 C 03 in the mixture = (1.03 - x)g 

X 

No. of g equivalents of CaC 03 = ^ 

(1.03-.x) 


No. of g equivalents of Na 2 C 03 = 


53 
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No. of g equivalents in 20 mL N HGl = 


Normality x Vol. 
1000 
1 X 20 ^ 1 

~ 1000 50 

At equivalence point, 

No. of g equivalents of CaC 03 + No. of g equivalents of 
Na 2 C 03 = No. of gram equivalents of HCl 

1. 03-j: _ 1 
53 50 


50 


+ - 


or 


CaCOj = 0.50 g, 
Na2C03 = 0.53 g. 


% CaCOa 
% Na 2 C 03 


.x = 0.50 

OJO 
1.03 

053 


1.03 


X 100 = 48.54 


X 100 = 51.46 


Example 20. Y325~g dflmfiydrms sodium carbonate are 
~dissdlveii^rrwater^nd^the~Mluiion '^^3ipid^l^'lHL. On~ 
titration 25 mL of this solution neutralise 20 mL of a solution 
of sulphuric acid. How much water should be added to 450 mL 
of this acid solution to make it exactly Ml2.^ 

Solution: 

Mol.mass _ 106 

2 “T"' 


Eq. mass of Na 2 C 03 = 


53 


250 mL of the sodium carbonate solution contains = 1.325 g 
1000 mL of the sodium carbonate solution contains 

- 1000 = 5.300 g 


Normality of Na 2 C 03 solution 


250 
Strength (g/L) 
Eq. mass 
5.30 1 


Applying 


(NajCOj) 

— X 25 
10 


“ 53 

(H 2 SO 4 ) 


10 


N 


N 2 X 20 

25 1 


Applying 


'2 - 10 x 20 
NbVb = 


(Before dilution) 

1 


(After dilution) 
1 


g x450 = 


V 4 = 


450x12 


= 675 mL 

450) = 225 mL 


''A- 8 

Water to be added for dilution = (675 
Example 21. A sample of sodium carbonate contains 
sodium sulphate also. 1.5 g of the sample is dissolved in water 
and volume raised to 250 mL. 25 mL of this solution requires 

20 mL of ^H2S0^ solution for neutralisation. Calculate the 
percentage of sodium carbonate in the sample. 

Solution: 

Only Na 2 C 03 will react with H 2 SO 4 . 


Applying 


AiVi 

(NajCOj) 

Aj X 25 


N 2 V 2 

(H 2 SO 4 ) 
1 


20 X 
20 


10 


“25x10 


= 0.08 


Eq. mass of Na 2 C 03 = 


Mol. mass. 106 


= 53 


2 2 

Mass of Na 2 C 03 present in 250 mL 0.08 N solution 
NxExV 0.08x53x250 


1000 


1000 


1.06 g 


1.06 


Percentage of Na 2 C 03 in the mixture = x 100 = 70.67 

Example 22. A solution containing 4.2 g of KOH md_ 
Ca(OH )2 is neutralised by an acid. If it consumes 0.1 equivalent 
of~fM'aaM7MtcuiMelhe~compo'siiidrf ofsample. 

Solution : 

Let mass of KOH be present in mixture - ag 
and Mass of Ca{OH )2 = (4.2 - a) g 

Eq. mass of KOH = 56; Eq. mass of Ca(OH )2 =y = 37 
No. of g equivalents of KOH + No. of g equivalents of Ca(OH )2 

= No, of g equivalents of the acid 
a . (42-a) 


56'*" 37 


= 0.1 


or 

or 


37a - 56a = 0,1 x 56 x 37 
19a = 28 
28 


42 X 56 


19 


= 1.47 


Mass of KOH in the sample = L47 g 
Percentage of KOH = 35 

and Percentage of Ca(OH )2 = 100 - 35 = 65 

Example 23^ L725 g of a metal carbonate is mixed with 

N N 

3CK) mL of Jq HCL 10 mL of ^ sodium hydroxide were 
required to neutralise excess of the acid. Calculate the 
equivalent mass of the metal carbonate, 

Solution : 

N 

10 mL of “2 NaOH solution 

= 10 mL of ^ HCl solution 

= 50 mL of HCl solution 
N 

Volume of HCl used for neutralisation = 300 - 50 = 250 mL 
N N 

250 mL of Jq HCl s 250 mL of metal carbonate solution 

Let the equivalent mass of metal carbonate be E, 

Mass of metal carbonate present in solution 

_ NxExV 

1 r\r\n ~ f AJ 


1000 
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E 


_ lx£x250 
“ 10x1000 ' 

= i- 

= 40 X 1.725 : 


1.725 

69 


Example 24. 1.575 g of oxalic acid (C00H)2-xH20 are 

dissolved in water and the volume made upto 250 mL. On 

N 

titration 16.68 mL of this solution requires 25 mL of NaOH 

solution for complete neutralisation. Calculate x. 

Solution : 

N N 

25 mL of NaOH solution = 25 mL of oxalic acid 

solution 

N 

Mass of oxalic acid present in 25 mL of oxalic acid 

....^-sc4udon- 

. . -A? x £ X -V ^ l x (9-0 -t- ISxXx 25.. 

“ 1000 “ 15x2x1000 

(90 + 18x) 

“ 1200 ^ 


Actually 


(90+18x) 

1200 


g oxalic acid is present in 16.68 mL 


solution. 

250 mL of the solution contains oxalic acid 


or 

or 


(90 + 18x)x250 
1200x16.68 


1.575 (given) 


_ 1575x1200x16.68 

90 + 18x= -250-- 

18x= 126 -90 = 36 

jc= 2 


17;e TO DETERMINE THE AMOUNT OF 
SODIUM HYDROXIDE AND SODIUM 
CARBONATE IN A GIVEN MIXTURE 

The method involves the use of two indicators, phenolphthalein 
and methyl orange. When a mixture of sodium hydroxide and 
sodium carbonate is titrated with a standard solution of 
hydrochloric acid, using phenolphthalein as indicator, the strong 
base is neutralised first. 

NaOH + HCl-> NaCl + H 2 O .. .(i) 

After the completion of above reaction, the carbonate is 
converted completely to bicarbonate. 

Na 2 C 03 + HCl-> NaHCOj + NaCl .. .(ii) 

At this point, phenolphthalein changes from pink to 
colourless marking the first end point. Methyl orange is added 
now and orange-yellow colour is developed. 

On adding acid, the bicarbonate is converted to carbonic 
acid and colour changes to red marking the second end point. 

NaHC 03 + HCl-> NaCl + H 2 CO 3 .. .(iii) 

Let Vj mL of acid be required upto first end point and 
1^2 niL of acid be required from first end point to second end 
point. 


mL 


NaOH 

(Vi-y2)mL ' 
acid 


1st end point 


iNajCOs 

1 


V2mL 

2nd end point 


^NajCOs 

2^2 mL ' 

Acid 



Suppose, V mL of alkali solution is titrated with hydrochloric 
acid of normality N. From the above readings, it is possible to 
calculate the amounts of NaOH and Na 2 C 03 . 

(Vi -Y,) 

Amount of NaOH in mixture = 40 x A x . y . . g/L 

2V 

Amount of Na 2 C 03 in mixture = 53 x N x g/L 


" SODIUM CARBONATE AND 
BICARBONATE IN A MIXTURE 


The method involves the successive use of two indicators, 
phenolphthalein and methyl orange. When a cold mixture of 
sodium carbonate and sodium bicarbonate is titrated against a 
standard solution of hydrochloric acid, using phenolphthalein 
as indicator, the sodium carbonate is converted into sodium 
bicarbonate first and colour changes from pink to colourless 
marking the first end point. 

Na 2 C 03 HCl-> NaHCOs - 1 - NaQ 


If methyl orange is added at this stage, solution acquires 
orange yellow colour. On further addition of the acid, all the 
bicarbonate is neutralised and the colour changes to red. This 
is the second end point. 


NaHC 03 + HCl-> NaCl + H 2 CO 3 

Suppose V mL of mixture is titrated with a standard hydro¬ 
chloric acid of normality N. Let Vj mL of the acid be required 
upto first end point and V 2 mL of the acid be required from 
first end point to second end point. 


V,mL 

— 

^ NajCOj t 

First end point 


z - - J 

V2mL 


^NajCO, 1 
^ f 

Second end point 


NaHCOs J 


2Vi mL 


(V 2 - V,) mL 


From these readings, it is possible to calculate the amounts 
of sodium carbonate and sodium bicarbonate. 


2V 

Amount of Na 2 C 03 = 53 x N x g/L 


Amount of NaHCOj = 84 x A x Si^g/L 
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Example 25, 25 mL of a mixture of NaOH and Na 2 CO^ 
when titrated with N/IO HCl using phenolphthalein indicator 
required 25 mL HCL The same volume of mixture when titrated 
with iWlO HCl using methyl orange indicator required 30 mL 
of HCL Calculate the amount of Na 2 CO'^ and NaOH in one 
litre of this mixture. 

Solution: 

When phenolphthalein is the indicator, whole of NaOH has 
been neutralised and carbonate converted into bicarbonate, 
Le,, 

NaOH + HCl-> NaCl + H 2 O 

Na 2 C 03 + HCl-> NaHC 03 + NaCl 

So, 25 mL HCl = NaOH + 1/2 Na 2 C 03 present in 25 mL 

of m ix ture ____________ 

I ii^g ther titration when.methyLorange.is^the-indicator, ^ 
whole of NaOH has been neutralised and carbonate converted 
into carbonic acid, Le„ 

Na 2 C 03 + 2HC1-> 2NaCl + H 2 CO 3 

N 

30 mL Jq HCl ^ NaOH + Na 2 C 03 present in 25 mL of mixture. 
Hence, 

(30 - 25) mL ^ HCl ^ | Na 2 C 03 present in 25 mL of mixture. 
Hence, 

N 

10 mL Jq HQ = Na 2 C 03 present in 25 mL of mixture 

N 

= 10 mL Jq Na 2 C 03 solution 
5 ^ vin 

Amount of Na 2 C 03 = [q ^ |Qqq = 0.053 g 


This amount of Na 2 C 03 is present in 25 mL of mixture. 
The amount present in one litre of mixture 


= 1000 = 2.12 g 

N 

(30 - 10) mL Iq HCl = NaOH present in 25 mL mixture 


= 20 mL H NaOH 


40xM 


Amount of NaOH in 25 mL of mixture iqoo " 8 

The amount present in one litre of mixture = x 1000 

= 3.20 g 


Example 26. 25 mL of a mixture of NaOH + Na 2 COy 
when titrated with iV/10 HCl using phenolphthalein indicator 
required 25 mL HCl to decolourise phenolphthalein. At this 
stage methyl orange was added and addition of acid was 
continued. The second end point was reached after further 
addition of 5 mL of the acid. Calculate the amount ofNa 2 COi^ 
and NaOH in one litre of the solution. 


Solution : 

Between first and second end points, 

NaHC 03 + HCl-> NaCl + H 2 CO 3 

N 1 

5 mL jQ HCl = 2 Na 2 C 03 present in 25 mL of a mixture 
N 

or 10 mL Jq HCl h Na 2 C 03 present in 25 mL of a mixture 
= 10 mL H Na 2 C 03 = 0.053 g NaaCOg 
Amount of Na 2 C 03 in one litre of mixture = x 1000 

i = 2.12 g 

(25 - 5) mL MIO HCl = NaOH present in 25 mL of mixture 
s 25 ^ NaOH = 0.08 g N aOH 

= 3.2 g 

Example 27. A solution contains Na 2 COi and NaHCOj. 
10 mL of the solution required 2.5 mL of O.l M H 2 SO^for 
neutralisation using phenolphthalein as indicator. Methyl - 
orange is then added when a further 2.5 mL of 0.2 M H 0 SO 4 
was required. Calculate the amount of Na 2 CO 2 and NaHCO^ 
in one litre of the solution. 

Solution : 

2.5 mL of 0.1 M H 2 SO 4 = 2.5 mL of 0.2 N H 2 SO 4 

= 2 Na 2 C 03 present in 10 mL of mixture 
So, 

5 mL of 0.2 N H 2 SO 4 = Na 2 C 03 present in 10 mL of mixture 
= 5 mL of 0.2 iV Na 2 C 03 


Amount of Na 2 C 03 = 


0.2x53 

1000 

0.053 ^ 

__ ^ 


X 5 = 0.053 g 

1000 = 5.3 g/L of mixture. 


Between first and second end points, 

= 2.5 mL of 0.2 M H2SO4 used 
= 2.5 mL of 0.4 N H2SO4 used 
= 5 mL of 0.2 N H 2 SO 4 used 

s 2 Na 2 C 03 + NaHC 03 present in 10 mL of mixture 

(5 - 2.5) mL 0.2 N H 2 SO 4 

s NaHC 03 present in 10 mL of mixture 

= 2.5 mLO.2 ANaHC 03 

_ 0. 2 X.84 „ , „ „ 

— IQOO ^ ~ 0.042 g 

Amount of NaHC 03 x 1000 = 4.20 g/L of mixture. 
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17.7 KJELDAHL’S PROCESS 


This method is used for the estimation of nitrogen in organic 
substances. This method is based on the fact that when an 
organic compound containing nitrogen is heated with concen¬ 
trated sulphuric acid, the nitrogen in it is converted quantitatively 
into annumonium sulphate. The resultant liquid is then treated 
with excess of sodium hydroxide and the liberated ammonia 
gas is absorbed in excess of standard acid solution. The 
unreacted acid is estimated by titration with standard alkali. 
The difference of the two gives the volume of standard acid 
that actually combined with the evolved ammonia. From this, 
the percentage of nitrogen in the organic compound can be 
calculated. 

Let the mass of organic substance be w g and V mL of N 
HCl is required for complete neutralisation of evolved ammonia; 
then, 

. 

17 g NH 3 = 14 g nitrogen 

14x A? xV 

Amount of nitrogen in V mL N NH 3 =—jqqq— 

„ ^ UxNxV,, 

% of mtrogen = x 100 

^ i.4xiyxy 

where N stands for normality of acid used 
V stands for volume of acid used 
and w stands for mass of organic substance. 

Example 28. 1.0 g of an organic compound was analysed 

by KjeldahVs process. The ammonia produced was absorbed in 

N N 

80 mL of ~^H 2 S 0 ^, The excess acid required 34 mL of Jq 

NaOHfor neutralisation. Calculate the percentage of nitrogen 
in the compound. 


Solution : 

34 mL NaOH = 34 mL H 2 SO 4 
= 17 mL y H 2 SO 4 

Thus, acid used for neutralisation of NH 3 = (80 - 17) 

= 63 mL 

So, 63 mL JH 2 SO 4 = 63 mLyNHj 

Amount of mtrogen in the given sample = ^ ^ S 

^ 14^ 63 ^100 

% of mtrogen = jqqq X— p 

_ 1-4x63 
_ 5 

= 17.64 


SOME WORKED EXAMPLES ON 
OXIDATION-REDUCTION TITRATIONS 


Example 29. 0.5 g of an oxalate was dissolved in water 
and the solution made to 100 mL. On titration 10 mL of this 
solution required 15 mL of N/20 KMnO^. Calculate, the 
percentage of oxalate in the sample. 

Solution : 


N 

15 niL^ KMn 04 = 10 x Normality of oxalate solution 

15 1 3 

Normality of oxalate solution = 

Strength of oxalate solution = Normality x Eq. mass of oxalate 
3 


40 


X 44 = 3.3 g/L 


Eq. mass C 2 O 4 = ^ = 44 
3.3 


Amoun t of oxalate in 100 mL so lu tion = x 100 = 0. 3 3 g 


______0^3__ 

”^^roMlatr^-^"xrlt)0'^'6';0“ 


Example 30. How many mL of a 0.05 M KMnO^ solution 
are required to oxidise 2.0 g of FeSO 4 in a dilute solution 
(acidic). 

Solution: 

10FeSO4 + 2 KMn 04 + 8 H 2 SO 4 -> K 2 SO 4 - 1 - 2 MnS 04 

10 X 151.8 2 X 158 + 5Fe2(S04)3 8H2O 

10 X 151.8 g of FeS 04 require KMn 04 = 2 x 158 g 

2 g of FeS 04 will require KMn 04 = 

Suppose V mL of KMn 04 solution (0.05 M) is required. 

Amount of KMn 04 in this solution = 

. 158 x0.05xy ^ 2x158x2 

1000 10x151.8 ’ 

F = 52.7 mL 


Example 31. 5.5 g of a mixture of FeS 04 'IH 20 and 
Fe 2 (S 0 f)y 9 H 2 O required 5.4 mL of 0.1 N KMn 04 solution 
for complete oxidation. Calculate the gram mole of hydrated 
ferric sulphate in the mixture. 

[At. mass H = I, O = i 6 , S = 32, Fe = 56] 

Solution : 

Only FeS 04 - 7 H 20 will be oxidised by KMn 04 . 

Mol. mass of FeS 04 - 7 H 20 = 278 
As the conversion involves one electron, 

Fe2+-> Fe^+ + e, 

The Eq. mass of FeS 04 - 7 H 20 =^p= 278 

5.4 mL of 0.1 N KMn 04 

s 5.4 mL of 0.1 A FeS 04 - 7 H 20 solution 
01 V 978 

Amount of FeS 04 - 7 H 20 = x 5.4 = 0.15 g 
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Amount of Fe 2 (S 04 ) 3 - 9 H 20 = (5.5 - 0.15) = 5.35 g 
Mol. mass of Fe 2 (S 04 ) 3 - 9 H 20 = 562 

No. of g moles of Fe 2 (S 04 ) 3 - 9 H 20 
5 35 

= 0.00952 

= 9.52 X 10"^ 

Example 32. 50 mL of an aqueous solution of H 2 O 2 was 
treated with an excess of KI solution and dilute H 2 SO 4 . The 
liberated iodine required 20 mL 0.1 N Na 2 S 20 ^ solution for 
complete interaction. Calculate the concentration of H 2 O 2 in 
g/L. 

Solution; 

_H^ O^+IKI+H^S O^—> K^SOA±2EoQ± h _ - 

- ...— 


34 

Eq, mass H 2 O 2 =“^=17 
20 mL 0.1 N Na 2 S 203 = 20 mL 0.1 N I 2 solution 

= 20 mL 0.1 iV H 2 O 2 solution 
Amount of H 2 O 2 in 50 mL aq. solution 

0.1x17 


Concentration in g/L 


1000 

0.034 

50 


X 20 = 0.034 g 
X 1000 = 0.68 


Example 33. 0.124 g of iron wire was dissolved in dilute 
H 2 SO 4 in oxygen free atmosphere and the resultant solution 
was titrated against 0.09672 N solution of KMnO^. The titre 
value was 22.90 mL Calculate the percentage purity of iron 
wire. 

Solution: 

22.90 mL 0.09672 N KMn 04 = 22.90 mL 0.09672 N FcSO^ 

0.09672x152 x 22.90 


Amount of FeS 04 in the solution = 


1000 


= 0.3366 g 

Amount of iron in 0,3366 g of FeS 04 = ^ ^ 0.3366 


0124 

Thus, percentage = x 100 


= 0.124 g 
100 


The iron wire is 100% pure. 

Example 34. A sample of hydrazine sulphate (N 2 H^S 04 ) 
was dissolved in 100 mL of water. 10 mL of this solution was 
reacted with excess of FeCl^ solution and warmed to complete 
the reaction. Ferrous ion formed was estimated and it required 
M 

20 mL of ^ KMn 04 . Estimate the amount of hydrazine sulphate 
in one litre of solution. 

Reactions : 4 Fe^^ + A 2 H 4 -^ N 2 + AFe^^ + AfC 

MnOl + -> Mn^-^ + 5F€^"- + 4H2O 


Solution : 

20 mL—KMn 04 = 20 mL — KMn 04 


Equivalent mass of KMn 04 


Molecular mass 


N 


N 


20 mL Jq KMn 04 = 20 mL Jq ferrous ion 


s 20 mL Fea 3 
N 


20 mL N 2 H 6 SO 4 


Eq. mass N 2 H 5 SP 4 = 


Mol. mass 130 


= 32.5 


4 4 

[Since change in O.N. (N 2 H 4 ^ N 2 ) per molecule = 4] 
Am ou nt of h ydrazine sulphate. imlO-mL of solution- 

____..l..^_325_.- 


--- 

Amount of hydmzine sulphate in one litre of solution 

= 1000 = 6.50 g 

Example 35. 0.1 M KMn 04 is used for the following 
titration. What volume of the solution in mL will be required 
to react with 0.158 g of N 0^520 

MnO^is) + sol' + OH- 

[M.L.N.R. 1992] 


SjOl" + MnOl + H2O 


(not balanced) 

Solution ; 


S2O3" -> 2SO^ 


Change in oxidation number of sulphur per molecule of 
S20§- = 2 X (6 - 2) = 8 

Change in oxidation number of Mn per molecule of 
Mn04 = 7-4 = 3 


0.158 

158 


= 1 X 10- 


V 

1000 


No. of moles in 0.158 g of Na 2 S 203 

No. of equivalents = 8 x 10“^ 

Normality of 0.1 M KMn 04 solution = 0.1 x 3 = 0.3 
Let V raL of volume of KMn 04 be required; then 

X 0.3 = 8 X 10"^ 

or V= -^x 10"^ X 10^ 

= 26.7 mL 

Example 36. 25 mL ofH 202 solution were added to excess 
of acidified solution of KI. The iodine so liberated required 20 
mL of 0,1 N Na 2 S 202 for titration. Calculate the strength of 
H 2 O 2 in terms of normality, percentage and volume. 

[M.L.N.R. 1996] 

Solution: 

20 mL of 0.1 V Na 2 S 203 

= 20 mL of 0.1 VI 2 solution 
= 20 mL of 0.1 iV H 2 O 2 solution 
s 25 mL of 0.08 N H 2 O 2 solution 
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Mass of H 2 O 2 in 100 mL solution = — = 0.136 g 

% = 0.136 

68 g H 2 O 2 evolve oxygen at N.T.P. = 22400 mL 
0.00136 g H 2 O 2 evolve oxygen at N.T.P. 

= X 0.00136 = 0.448 
08 

The solution is of 0.448 volume. 


Example 37. 0.5 g mixture of K 2 Cr 20 j and KMnO^ was 
treated with excess of KI in acidic medium. Iodine liberated 
required IHO cn? of i).15 N sodium thiosulphate solution for 
titration. Find the per cent amount of each in the mixture. 

[Roorkee 1995] 


Solutio n; _ _ 

Let ‘a’ g of K2Cr207 be pr esent in the mix tu re. 

Mass of KMn04 = (0.5 - a) g 

T- p T, ^ Mol. mass 294 „ 

Eq. mass of K2Cr207 = -g-= = 49.0 

Eq. mass of KMn04 = 5 = 31-6 

,No. of equivalents of K2Cr207 =4^ 


No. of equivalents of KMn 04 = 


(05-a) 
31.6 


No. of equivalents of Na 2 S 203 in 100 6 m^ of 0.15 N solution 


_ 100x0,15 
“ 1000 


= 0.015 


Equivalents of K 2 Cr 207 + Equivalents of KMn 04 

= Equivalents of iodine 
= Equivalents of Na 2 S 203 


g , (05-a) 
49.0 31.6 

17.4a 

u 

% of K 2 Cr 207 . 
% of KMn 04 


= 0.015 
= 1.274 
= 0.0732 

_ 0.0732x100 
05 

= 85.36 


14.64 


Some Miscellaneous 

Example 38. Calculate the normality of a solution obtained 
by mixing 100 mL ^ ^0 mL y HNO^ and 25 

N 

mL-^HCl solutions. 

Solution : 

Let the final normality be N. 

Total volume = (100 + 50 + 25) = 175 mL 
So, 175 X iV = NiVi 4- N 2 V 2 + N 2 V 3 
(H 2 SO 4 ) (HNO 3 ) (HCl) 


100 X 


,) + (50xi] + (25x. 


or 


N = 


-K 

= (10 + 25 + 5) = 40 
40 


175 


0.2286 


Hence, normality of solution = 0.2286 N 

Example 39. 0.5 g of fuming H 2 SO 4 (oleum) is diluted 
with water. This solution is completely neutralised by 26.7 mL 
0 /O .4 NNaOH. Find the percentage of free SO 3 in the sample 
solution. 

Solution : 

Oleum consists of SO 3 and H 2 SO 4 . 

— LeLthe-mass-oLSOj-ia-the glven-sample-of-oleumiej^-g- 


J^4assH0iJB2SO4jndiie2:gttenzS:afflplez.Q£Hale»iB=^(ftr^^ 

Eq. mass of SO 3 = ^ = 40; 

X 

No. of g equivalents of SO 3 = ^ 

[2NaOH + SO 3 -^ Na 2 S 04 + H 2 O 

2NaOH + H 2 SO 4 -> Na 2 S 04 + 2 H 2 O] 

Eq, mass of H 2 SO 4 = y=49 
No. of g equivalents of H 2 SO 4 = 

Total no. of g equivalents + 

26.7 mL of 0.4 iVNaOH contain no. of equivalents of NaOH 


0.4 


So, 


At equivalence point, 

No. of g equivalents of NaOH 

0.4x26.7 


: + 


1000 
(05-jc) 


X 26.7 


Hence, 


of free SO. 


40 ' 49 

49x + (40 x 05 - 40x) 
40x49 

0.9328 

9 

0.1036 
0.1036 


05 

20.72 


X 100 


Example 40. 0.789 g of crystalline barium hydroxide is 
dissolved in water. For the neutralisation of this solution, 20 
N 

mL of y HNOj, is required. How many molecules of water are 
present in one g mole of this base? [Ba = 137.4, O - 16, 
N=IA,H =1] 

Solution: 

Let the molecular formula be Ba(OH )2 xH 20 . 

Mol. mass of Ba( 0 H )2 xH 20 = 137.4 + (2 x 16) + 2 X 1 + 18x 

= 171.4 + 18x 
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Eq. mass of Ba(OH) 20 cH 2 O = — 

20 mL^HNOa = 20 mL^Ba(0H)2 xH20 


Reaction : 2A1 + 3 H 2 SO 4 -> Al 2 (S 04)3 + SHj 

2x27 3x98 

H 2 SO 4 required for dissolving 2.7 g A1 

_ 3 X 98 X 2 7 - 14 7 g 
2x27 ^ 

H 2 SO 4 left unreacted = (21.8595 - 14.7) = 7.1595 g 
7,1595 g H 2 SO 4 is present in 400 mL, 

71595 

Amount of H2SO4 present in one litre = x 1000 g 

= 17,898 g 
17 898 

No, of g moles of H 2 SO 4 = = 0.1826 

Hence, molarity of H 2 SO 4 = 0.1826 M 

Example 43, 0,261 g of a sample afpyrolusite was heated 

Wifh^ceWdfW^^m the cMorim emlved was passed in a 

... 

solution ofKI. The liberated iodine required 90 mL^ Na2S20^. 
Calculate the percentage of Mn02 in the sample. 

Solution : 

MnOa + 4HC1-> MnCl 2 + 2 H 2 O + CI 2 

2Kf -r CI 2 2KC1 + I 2 

2 Na 2 S 203 + I 2 -^ Na 2 S 405 4 * 2NaI 

90 niL^Na2S203 =90 mL^l 2 

= 90mL|^ CI 2 

= 90 niL|^ Mn02 

.c,. Mol. mass 87 

Eq. mass of Mn 02 =- 2 -~ '2 

[Since change in O.N. is from 4 to 2] 

Amount of Mn 02 = 2 0-1305 g 


Amount of Ba( 0 H )2 xH 20 = 


0714 +18x)^ 20 


= = 8.01 


KJL Xjr4A\\^XX/2 “ 2x4 1000 

_ 171.4+ 18j: 

400 ® 

Amount of Ba(0H)2 xH20 = 0.789 g 
171.4+ 18x 

Hence, —— = 0.789 

or 171.4 + 18x = 0.789 x 400 

1442 

x=^^= 8.01 « 8 

Thus, 8 water molecules are present in one g mole of the 
--base.--- 

and molarity of the solution necessary to prepare 85.4 mL of 
0.672 N solution when the half reaction is 

BrO-j, + 6 H+ + 6 e-> Br + 

(ii) What would be the weight as well as molarity if the half 
cell reaction is 

2JSrOi + lift + \0e -^ Br 2 + 6 H 2 O 

Solution : 

(i) Molecular mass of NaBrOa = 23 + 80 + (3 x 16) 

= 151 

Each bromate ion takes up 6 electrons; therefore, 

.r T, Mol. mass 151 
Eq. mass of NaBrOa = -g- = -g- 

Amount of NaBrOa in 85.5 mL 0.672 N solution 

0.672 .. 151 

" 1000 6 ® 
Molarity = formality ^0^ ^ ^ m 

(ii) Each bromate ion takes up 5 electrons; therefore, 

T- /■ XT „ Mol. mass 151 

Eq. mass of NaBrOa = -g-= ^ 

Amount of NaBrOa in 85.5 mL 0.672 N solution 

15L 0.672 


Molarity 


Eq. mass of NaBrOa 


0.112 M 


" 5 ^ 1000 
= 1.7352 2 


X 85.5 


Molarity = 


Normality _ 0.672 


0.1344 M 


Example 42, A piece of aluminium weighing 2,7 g is 
heated with 75 mL ofH 2 SO^ {sp, gn 1.18, containing 24.7% 
H 2 SO 4 by mass). After the metal is carefully dissolved, the 
solution is diluted to 400 mL, Calculate the molarity of the free 
H 2 SO 4 in the resulting solution. 

Solution : 

Mass of H 2 SO 4 = l^x 75 X 1.18 
= 21.8595 g 


0.1826 


of MnOo 


0.1305 


X 100 = 50 


Example 44. Calculate the percentage of available 
chlorine in a given sample of bleaching powder from the 
following data: 

3,55 g of bleaching powder when treated with acetic acid 
and excess of KI liberated iodine which required 60 mL of 
0.5 N sodium thiosulphate solution. 

Solution : 

60 ibL 0,5 N Na 2 S 203 s 60 mL 0.5 N I 2 
= 60mL0.5i^Cl2 

. , r. r, . 35.5x0.5 

Amount of chlonne = —Jqqq— x 60 

= 1.065 g 

% available chlorine = ^ 100 

= 30.0 

Example 45. 0,50 g of a mixture of K 2 CO^ and Li 2 CO'^ 
requires 30 mL of a 0.25 N HCl solution for neutralisation. 
What is the percentage composition of the mixture ? 


% available chlorine 


X 100 
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Solution: 

K 2 CO, + 2HC1-> 2KC1 + H 2 O + CO, 

138 2 x 36.5 

Eq. mass 69 36.5 

Li2C03 + 2HC1-> 2LiCl + H 2 O + CO 2 

74 2 X 36.5 

Eq. mass 37 36.5 

Let X g of K 2 CO 3 be present in the mixture. 

Mass of Li 2 C 03 = (0.50 - x) 

X 

No. of g equivalents of K 2 CO 3 = ^ 

No. of g equivalents of Li 2 C 03 = 

No. of g equivalents in 30 mL of 0.25 N HCl 

__ Normality x Volume 0.25 x 30_ 3 

1000 1000 “ 400 


Solution: 

Let Ni, N 2 and be the normahties of 1M KMn 04 solution 

in acid, neutral and alkaline mediums, respectively. 

20 mL.Ni = 33.4 mL N 2 = 100 mL Nj 
In acidic medium, the half reaction is: 

Mn04 + 8H+ + 5e- = Mn^^ + 4 H 2 O 
1 M KMn04 = 5 N KMn04 
Thus, from above relation, 

20 . 20 


■No = 


33.4 ^ - 33.4 X 5 N - 3 N 


and 


AT 20 ,, 20 , ,, , 

^3 - 100 ^ “ 100^ 5 N - I N 


The equations in the three media are: 

Mn04 + 5e ) Mn^^ 


Mn 04 + 3e 


Neutr^ 


Mh 


4f 


At equivalence point, 


jc ■ (050-x) ^ 3 
69 37 400 


So, 


jc = 0.48 

_ . K 2 C. 03 .= 0.48 g; or 96% 

Li 2 C 03 = 0.02 g; or 4% 

Example 46. 0.804 g sample of iron ore was dissolved in 
acid. Iron was reduced to +2 state and it required 47.2 mL of 
0.112 A KMnO^ solution for titration. Calculate the percentage 
of iron and Fe^^O^ in the ore. 

Solution : 

The titration involves the conversion of ferrous into ferric. 

5Fe2+ + Mn04 + 8H+-> 5Fe^'" + Mn^^ + 4 H 2 O 

47.2 mL of 0.112 N KMn 04 s 47.2 mL of 0.112 N Fe^^ ions 

47.2x0.112x55.5 


1000 

Mass of iron = 0.2934 g 


= 0.2934 


% of iron in the ore 100 = 36.49 


3Fe 

(3 X 55.5) 


0.804 




(3 X 55.5 + 64) 

166.5 g of iron form 230.5 g of Fe 304 . 

230.5 

0.2934 g of iron will form = x 0.2934 = 0.406 g 


% of Fe 304 in the ore = 


0.406 

0.804 


X 100 = 50.5 


Example 47. An equal volume of a reducing agent is 
treated separately with 1 MKMnO^ in acid, neutral and alkaline 
media. The volume ofKMnO^ required are 20 mL in acid, 33.4 
mL in neutral and 100 mL in alkaline media. Find out the 
oxidation state of manganese in each reaction product. Give 
the balanced equations for all the three half reactions. Find 
out the volume of I M K2Cr20-j consumed, if the same volume 
of the reducing agent is treated in acid medium. 


MnOd + e 


"TtDcaTine 


Mh 


6 ^ 


The balanced equations are: 
Mn04 + 8 H+ + 5e 
Mn 04 + 2 H 2 O + 3e 


■» Mn^^ + 4H2O 


MnO^ + e 


Alkaline 


4 Mn02 + 40H- 
^ MnOi- 


The balanced equation in the case of acidified K 2 Cr 207 
solution can be written as: 

Cr20^" + 14H+ + 6 e -> 3Cr^+ + 7 H 2 O 

1 M K2Cr207 = 6 N K2Cr207 

The volume required for the titration of the same volume of 
reducing agent with acidified K 2 Cr 207 solution as follows: 

20 mL 5 A KMn 04 = V6N K 2 Cr 207 

„ 20x5 T 

V -— g —= 16.67 mL 

Example 48. 5 mL of S N nitric acid, 4.8 mL of 5 N 
hydrochloric acid and a certain volume of 11M sulphuric acid 
are mixed together and made upto 2 litres. 30 mL of this acid 
mixture exactly neutralise 42.9 mL of sodium carbonate solution 
containing one gram of Na2C0y\QH20 in 100 mL of water. 
Calculate the amount in grams of the sulphate ions in solution. 

Solution: 

Molecular mass of Na 2 CO 3 - 10 H 2 O = 286 

Equivalent mass of Na 2 CO 3 - 10 H 2 O =^|^= 143 

100 mL solution of sodium carbonate contains = 1 g 

1000 mL solution of sodium carbonate contains = 10 g 

Normality of the solution = 

Applying the formula, 

Normahty of acid solution x its volume 

= Normality of sodium carbonate solution x its volume 

10x429 

Normality of the acid solution = ^ 43 ^ 3 Q ' 

Let V mL be the volume of H 2 SO 4 taken. 


0.1 
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8 X 5 + 4.8 X 5 + 34 X V=: 0.1 x 2000 


V=4 mL 


Amount of SO 4 = 


Normality x eq.mass x volume 

“ ~m6 “ 


34 X 48 X 4 
1000 


6.528 g 


Example 49. 2.26 g of an ammonium salt were treated 

with 100 mL of normal NaOH solution and boiled till no more 
of ammonia gas was given off. The excess of NaOH solution 
left over required 60 mL normal sulphuric acid. Calculate the 
percentage of ammonia in the salt. 

Solution : 

60 mL normal H 2 SO 4 = 60 mL normal NaOH 

Thus, (100 - 60) mL normal NaOH were consumed by 
ammonium salt. 

So. 40 mL normal NaOH = 40 mL normal NH 3 _— 

Amount of NH 3 in 4fLni L_noimaLN^___-- 

_ Eq. mass of NH 3 X 40 ^ 17x40 _ a f:o 
1000 1000 

So, % of ammonia in the ammonium salt = x 100 

z.zo 

= 30.09 


Example 50. In a sample of sodium carbonate, some 
sodium sulphate is also mixed. 1.25 g of this sample is dissolved 
and the volume made up to 250 mL. 25 mL of this solution 
N 

neutralises 20 mL of Jq sulphuric acid. Calculate the percentage 

of sodium carbonate in the sample. 

Solution: 


N 

25 mL of sample solution neutralises = 20 mL Jq H 2 SO 4 
250 mL of sample solution will neutralise 

= 200 mL ^ H 2 SO 4 

200 mL H 2 SO 4 = 200 mL Na 2 C 03 solution 

F y.N y.V 

Amount of Na 2 C 03 present = ^ ^ ^ 


1000 

53x200 


= 1.06 


“ 10 x 1000 ' 

% of Na 2 C 03 in the sample x 100 = 84.9 


Example 51. 10 mL of a solution containing sulphuric 

N 

acid and hydrochloric acid required 16 mL caustic soda 
solution for neutralisation. On adding excess of barium chloride 
to 20 mL of the same solution of the mixture of the two acids, 
it gives 0.3501 g barium sulphate. What is the amount of 
hydrochloric acid per litre in the mixture of acids ? 

(Ba = 137.4, 5 = 32, O = 16, Cl = 35.5) 

Solution : 

Mol. mass of BaS 04 = (137.4 + 32 + 64) = 233.4 
H 2 SO 4 + BaCl 2 = BaS04 + 2HC1 
98 g 233.4 g 


233.4 g of BaS04 is obtained from = 98 g of H2SO4 

98 

0.3501 g of BaS04 is obtained from =23^^ 0.3501 

= 0.147 g of H2SO4 

20 mL of acid mixture contains 0.147 g of H2SO4 
So, 10 mL of acid mixture contains 0.0735 g of H2SO4 

N 

Amount of NaOH in 16 mL-^NaOH solution 

_ ExNxV 
“ 1000 
_ 40x16 
“ 8x1000^®-®^^ 

H2SO4 + 2NaOH-> Na2S04 + 2H2O 

98 g 2x40 = 80g 

Thus, 98 g of H2SO4 require = 80 g of NaOH 
“ on ^ 

_ _ 0.0735-g-oLil2S04_will-reauire^-^-X-0.0735-g of-NaOH 


= 0.06 g of NaOH 

Let the amount of HCl in 10 mL acid mixture be = x g 

HCl + NaOH-> NaCl + H 2 O 

36.5 g 40g 

36.5 g HCl require = 40 g of NaOH 
40 

X g HCl will require = ^ g of NaOH 

= 1.0958 jcg of NaOH 
L0958JC + 0.06 = 0.08 


X 


(0.08-0.06) 

1.0958 


0.01825 g 


Amount of HCl present in one litre of the acid, solution 


0.01825x1000 

10 


1.825 


Example 52. 1.6 g of pyrolusite ore was treated with 50 

err? of 1.0 V oxalic acid and some sulphuric acid. The oxalic 
acid left undecomposed was raised to 250 cm^ in a flask. 
25 cm? of this solution when titrated with 0.1 N KMnO^ 
required 32 cm^ of the solution. Find the percentage of pure 
M/ 1 O 2 sample and also the percentage of available 

oxygen. [Roorkee 1996] 

Solution : 

25 cm^ of undecomposed oxalic acid required 

= 32 cm^ 0.1 V KMn 04 solution 
Thus, 250 cm^ of undecomposed oxalic acid required 
= 320 cm^ 0.1 V KMn 04 solution 
= 32 cm^ 1 N KMn 04 solution 
= 32 cm^ 1 N oxalic acid solution 
Oxalic acid used by pyrolusite 

= (50 - 32) cm^ 1 N solution 
= 18 cm^ 1 N solution 
= 18 cm^ 1 N Mn 02 solution 




862 


GR.B. Inorganic Chemistry for Competitions 


w iVxJExV_ lx 18x87 

Mass of Mn 02 = iqqq -1^^ = 8 

Percentage of Mn 02 = ^^x 100 = 48.9 

MnOj-> MnO + O 

87 g 16 g 

Oxygen given by 0.783 g Mn 02 = 0.783 = 0.144 g 

0144 

% of available oxygen = x 100 = 9.0 


Example 53. A mixture of H 2 C 2 O 4 and NaHC'fd^ 
weighing 2.02 g was dissolved in water and the solution made 
up to one litre. 10 mL of this solution required 3.0 mL 0 /0.1 
N NaOH solution for complete neutralisation. In another 
experiment, 10 mL of same solution in hot dilute i? 2 S 04 medium 
required 4- mL of 0.1 N KMnO/^ for comp lete n eutralisation. 
Calcula te the amount of an d NaHC'^Oj ^ in the mixture. 

~ ^ ^ [I.I.T. 1990] 

Solution: 

Let mass of H 2 C 2 O 4 present in the mixture be = a g in 1 litre 

and mass of NaHC 204 present in the mixture be = b g in 1 litre 

For acid base reaction 

H 2 C 2 O 4 + 2NaOH-> Na 2 C 204 + 2 H 2 O 

T, Mol.mass_90 

Eq. mass of H 2 C 2 O 4 = - 2 - " 2 " “ 

NaHC 204 + NaOH-> Na 2 C 204 + H 2 O 

... .. XT ^ Mol.mass 

Eq. mass of NaHC 204 = -j- =112 

Now, 

3x01 

Equivalents of H 2 C 2 O 4 + Equivalents of NaHC 204 ='Yqq^ 
in 10 mL solution in 10 mL solution 


or 


flXlO bxlO _ 3x0.1 
45x1000 112x1000 1000 


112a + 45b = 


3x0.1x45x112 

10 


= 151.2 




For redox reaction 

Eq. mass of H 2 C 2 O 4 45; 

Eq. mass of NaHC 204 =i^= 56 

(Change in oxidation number of carbon per molecule = 2; 

C|+-> 2C'^) 

Now, 

4x01 

Equivalents of H 2 C 2 O 4 + Equivalents of NaHC 204 = |qqq 
in 10 mL solution in 10 mL solution 


gxlO bxlO 4x0.1 
45x1000 56x1000 1000 . 

or 56a + 45b = 100.8 ...(ii) 

Solving equations (i) and (ii), 

a = 0.9 g and b = 1.12 g 


Example 54. A 3.0 g sample containing Fe^O^, Fe20^ 
and an inert impure substance is treated with excess of KI 
solution in presence of dilute H 2 SO^. The entire iron is converted 
to Fe^'^ along with the liberation of iodine. The resulting 
solution is diluted to 100 mL A 20 mL of the dilute solution 
requires 11.0 mL o/0.5 M Na2S20'i solution to reduce the 
iodine present. A 50 mL of the diluted solution after complete 
extraction of iodine requires 12.8 mLo/0.25 MKMnO^ solution 
in dilute // 2 SO 4 medium for oxidation of Fe^. Calculate the 
percentage of Fe 202 and Fe^O^ in the original sample. 

[I.LT. 1996] 

Solution : 

Fe 304 is an equimolar mixture of Fe 203 and FeO. Thus, the 
sample contains Fe 203 , FeO and impurities. The amount of 
iodine liberated depends on the amount of Fe 203 and the entire 
ir o n i s converted into Fe^'*'. _ _ 

■-■Pe 3 Q^--+- 2 Kl--+-H..SQ 4 JF^ + l LQ^+^KoSQt-+-J^ 

Fe 203 + 2KI + H 2 SO 4 -> 2FeO + H 2 O + K 2 SO 4 + I 2 

5 X 11.0 mL of 0.5 M Na 2 S 203 = 55.0 mL of 

0.5 N Na 2 S 203 soln. 

= 55.0 mL of 0.5 N I 2 soln. 

s 55.0 mL of 0.5 N Fe 203 soln. 

= 27.5 X 10“^ equivalent Fe 203 soln. 

= 13.75 X KT^ mole Fe 203 
2 X 12.8 mL of 0.25 M KMn 04 soln. 

s 25.6 mL of 1.25 N KMn 04 soln. 

= 25.6 mL of 1.25 N FeO soln. 

= 32.0 X KT^ equivalent FeO 
= 32.0 X 10"^ mole FeO 

Moles of FeO in Fe 304 = 0.032 - 0.0275 = 0.0045 
Mass of Fe 304 = 0.0045 x 232 = 1.044 g 
Moles of Fe 203 existing separately 

= 0.01375 - 0.0045 = 0.00925 
Mass of FesOg = 0.00925 x 160 = 1.48 g 
1 044 

% Fe304 = ™x 100 = 34.8 
148 

% FejOj = ^ X 100 = 49.33 

Example 55. Hydroxylamine reduces iron (III) according 
to the equation, 

2NH2OH + 4Fe'^* iV20(g)t + H2O + 4L’e2+ + 4//* 

Iron (II) thus produced is estimated by titration with a 
standard permanganate solution. The reaction is: 

MnOl + 5Fe^* + 8fl+-> Mn^* + 5Fe^ + AH 2 O 

A 10 mL sample of hydroxylamine solution was diluted to 
one litre, 50 mL of this diluted solution was boiled with excess 
of iron (III) solution. The resulting solution required 12 mLpf 
0.02 M KMnO^ solution for complete oxidation of iron (//)• 
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Calculate the mass of hydroxy lamine in one litre of the original 
solution. 

Solution : 

12 mL of 0.02 M KMn 04 h 12 mL of 0.1 V KMn 04 

s 12 mL of 0.1 N Fe^-" 

= 12niLof 0.1 VNH 2 OH 

X. XTTT ^T, Mol. mass 33 , ^ ^ 

Eq. mass of NH 2 OH =-^- = -^= 16.5 


Mass of NH 2 OH in 12 mL of 0.1 N NH 2 OH soln. 

_ jVxF'xy . 0.1x165x12 

“ 1000 1000 " ^ 


= 0.0198 g 


50 mL of diluted solution contains NH 2 OH = 0.0198 g 
1000 mL of diluted solution contains NH 2 OH 


0.0198 


x-tOOO- 


Mass of CaO = 


NxExV 02x28x45 


ivxaais V71 — 1000 

= 0.252 g 
0252 

% of CaO in limestone = x 100 


Example 58. A solution of 0.2 g of a compound containing 
and € 20 ^ ions on titration with 0.02 M KMnO^ in 
presence of H 2 SO^ consumes 22.6 mL oxidant. The resulting 
solution is neutralised by Na 2 CO^, acidified with dilute acetic 
acid and titrated with excess ofKI. The liberated iodine required 
11.3 mL 0 / 0.05 M Na2S202 for complete reduction. Find out 
the mole ratio of Cu^'^ and C 20 ^~ in the compound. 

[I.I.T. 1991] 

Solution : 1st case : Only € 204 “ ions are oxidised by 
KMn 04 solution. 

Normality of KMn 04 solution = 0.02 x 5 = 0.1 
22.6 mL of 0.1 KMnO^ = 22.6 mL of 0.1 A^ CoOl" soln. 


Mass of C 2 O 4 ions = 
in the solution 


NxExV 


NxMxV 

1000 x 2 


--- =03% g 

10 mL of original solution contains NH 2 OH = 0.396 g 
1000 mL of original solution contains NH 2 OH 

= 100 X 0.396 = 39.6 g 

Example 56. A small amount of CaCO^ completely 
neutralises 525 mL ofO.l N HCl and no acid is left in the end. 
After converting all calcium chloride to CaSO^ how much 
plaster of Paris can be obtained ? [Dhanbad 1991] 

Solution : 

525 mL of 0.1 N HCl = 525 mL of 0.1 N CaCl 2 

= 525 mL of 0.1 A^ plaster of Paris 

Molecular mass of plaster of Paris = CaS 04 * ^ H 2 O 

= 145 
145 

Equivalent mass of plaster of Paris 72.5 

Mass of plaster of Paris in 525 mL of 0.1 N solution 

_ A^xExy ^ 0.1x72.5x525 
" 1000 1000 

= 3.806 g 

Example 57. 0.56 g of limestone was treated with oxalic 
acid to give CaC20^. The precipitate decolourised 45 mL of 
0.2 N KMnO^ in acid solution. Calculate % of CaO in 
limestone. 

Solution ; 

45 mL of 0.2 N KMn 04 = 45 mL of 0.2 N CaC 204 

= 45 mL of 0.2 N CaCOs 
= 45 mL of 0.2 N CaO 


J^o. -of-moles of-C 2 Q 4 —ions-in-the s olution - 


NxV 

2000 


0.1x22.6 


= 11.3 x 10^ 


2nd case : Only Cu"^'*’ ions are reduced by KI and iodine 
liberated is neutralised by Na 2 S 203 solution. 

11.3 mL of 0.05 M Na 2 S 203 = 11.3'mL'of 0.037/■Na 2 S 203 ‘ 

= 11.3 mLof 0.05 iVl 2 
= 11.3 mL of 0.05 N Cu^^ 
Mass of Cu^"'’ ions in the solution 

_ NxExV NxMxV 
~ 1000 1000 

No. of moles of Cu^"^ ions in the solution 


NxMxV 
1000 xM 


NxV 

1000 


Molar ratio of 


0.05x11.3 ^ 

= ^ 

5.65x10-^ 1 

11.3x10'^ 2 


Example 59. 12 g of an impure sample ofarsenious oxide 

was dissolved in water containing 1.5 g of sodium bicarbonate... 
and the resulting solution was diluted to 250 mL. 25 mL of this 
solution was completely oxidised by 22.4 mL of a solution of 
iodine. 25 mL of this iodine solution reacted with same volume 
of a solution containing 24.8 g of sodium thiosulphate solution 
{Na2S20y5H2O) in one litre. Calculate the percentage of 
arsenious oxide in the sample. {Atomic mass of As = 75) 

[Roorkee 19S^] 

Solution : 

Normality of Na 2 S 203 soln. = - 0.1 A^ 

Applying = N 2 V 2 

Volume of AS 2 O 3 soln. in NaHC 03 x Normality of this soln. 

= Volume of iodine soln. x Normality of iodine soln. 

25 X Ni = 22.4 X 0.1 
22.4x0.1 

Vi = “ 
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Amount of AS 2 O 3 present in 250 mL of the solution 

, Equivalent mass of AS 2 O 3 _ 
= ---x 2 

22.4x0.1 198 250 

“ 25 ^ 4 ^ 1000 " S 


25 4 1000 ® 

Percentage of AS 2 O 3 100 = 9.24 

Example 60. Hydrogen peroxide solution (20 mL) reacts 
quantitatively with a solution of KMnO^ (20 mL) acidified 
with dilute H 2 SO 4 , The same volume of the KMnO^ solution 
is just decolourised by 10 mL of MnS 04 in neutral medium 
simultaneously forming a dark brown precipitate of hydrated 
MnOi, The brown precipitate is dissolved in 10 mL of 0.2 M 
sodium oxalate under boiling condition in the presence of 
dilute H 2 SO 4 , Write the balanced equations involved in the 
reactiom and calculate^e-molarity of H 2 O 2 , - 

.------ -'-.z.: r-:-..— 

(i) M11O2 + Na2C204 + 2H2SO4-^ MiiS 044 - NH2SO4 

ppt‘ 1 mole + 2CO2 + 2H2O 

1 mole 

mM of Mn02 = mM of Na 2 C 204 = 10 x 0.2 = 2 

(ii) 2 KMn 04 + 3MnS04- + 2 H 2 O 5Me02+ K 2 SO 4 

2 mole ppt. + 2H9O 


MiiS044- NH 2 SO 4 

+ 2 CO 2 + 2 H 2 O 


10 X 0.2 = 2 
-4 5Me02*+^ K 2 S 04 ^ 
ppt. + 2 H 20 
5 mole 


mM of KMn 04 = mM of MnOj x | = 2x2 = | 

(iii) 2KMn04 + 3H2SO4 + 5H2O2-> K2SO4 

2 mole 5 mole 

+ 2MnS04 + 8H2O + 5O2 

mM of H 2 O 2 = mM of KMn 04 x| = |><| = 2 


M X 20 


0.1 M 


FeSO^ containing dilute H 2 SO 4 . The resulting solution reacted 
completely with 50 cm^ of KMnO^ solution. 25 cm^ of this 
KMnOn solution requires 30 or? o/O.l N FeSOj^ solution for 
complete reaction. Calculate the amount of MnSOn-AH 20 in 
the sample. [Roorkee 2001] 


Solution: 


MnS044H20 Mn 304 

Mn 304 is dissolved in ferrous sulphate solution and is reduced 
from Mn(^^l+ to Mn^'*’. The excess of FeS 04 is estimated by 
doing titration with KMn 04 solution. The normality of KMn 04 
solution is determined by another ferrous sulphate solution. 
For normality of KMn 04 solution; 

25 x .JV= 30 X 0.1 

30x0.1 3 

. .:--"■■■=—25--25- 

y mL of 0.1 N FeS 04 = 50 mL of ^ N KMn 04 

50x3 T 

or y-Q^^ 25 -^ 0 ”^ 

Volume of FeS 04 used for Mn 304 = (100- 60) mL 

= 40 mL 

40 mL of 0.1 A FeS 04 = 40 mL of 0.1 A Mn 304 

= 40 mL of 0.1 A MnS 044 H 2 O 

Ex0.1x40 E „ 

Mass of MnS 044 H 20 = —— = 2 ^ § 


= 60 mL 


Mass of MnS 0 d 4 H 90 


JWH 2 O 2 ~20~ " 

Example 61. The Mn-^O^ formed on strong heating of a 
sample of MnS 04 - 4 H 20 was dissolved in 100 cm^ o/O.l A 


Equivalent mass of 


MnS044H,0 


Mass of MnS 044 HoO = 


3x223 

2 


3x223 

2x250 

1.338 g 


•••- PRACTICE PROBLEMS -•••- 


■ Subjective Type Questions 

1. What do you mean by volumetric analysis? How do you 
classify the reactions which are involved in volumetric 
analysis ? 

2. What is the principle of volumetric analysis? Derive the 
relationship NiVi = N 2 V 2 ^ 

3. What is equivalent mass? How do you calculate the 
equivalent masses of oxidising agents and reducing agents? 

4. Calculate the equivalent mass of potassium permanganate 
in acidic, basic and neutral mediums. 

5. Define the following terms: 

(a) Standard solution (b) Normal solution (c) Indicator 


6 . What do you mean by molarity and normality of the solution? 
How are th^ relaW ? 

7. Write short note on: 

(i) lodimetry (ii) lodometry (iii) Kjeldahl’s process 

8 . Name the two common indicatoi^ used in acid-base titrations. 
How is a mixture containing NaOH and Na 2 C 03 analysed by 
titration ? 

9. 12 mL of 0.25 N sulphuric acid is neutralised with 15 mL of 
sodium hydroxide solution on titration. Calculate the 
normality of sodium hydroxide solution. 

10. What will be the volume of AVIO solution of oxalic acid 
obtained by dissolving 63 g of oxalic acid ? 
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11* If 1.26 g of oxaHc acid is dissolved in 250 mL of solution, 
fold its normality’ The equivalent mass of oxalic acid is 63. 

12* 50 mL of 0.2 N KMn 04 is required for complete oxidation of 
0.45 g of anhydrous oxalic acid. Calculate the nomiality of 
oxalic acid solution. 

13. 30 mL of sodium carbonate solution is mixed with 20 mL of 
0.8 N sulphuric acid, The resultant solution needed 20 mL of 
0.7 N hydrochloric acid solution for complete neutralisation. 
Determine the strength of the sodium carbonate in grams per 
litre. (Take sodium carbonate to be anhydrous), 

14. Find the equivalent mass of H 3 PO 4 in the reaction 

Ca(OH )2 + H 3 PO 4 -> CaHP 04 + 2 H 2 O 

(At. mass H = 1, O = 16, P = 31, Ca = 40) 

15. 316 g of sodium thiosulphate was dissolved in water and 
made up to 250 mL. What is the normality of the solution? 

16* Calculate the equivalent mass of Na 2 S 203 - 5 H 20 and KBrOs 
wit h the h el p o f t he followin g equ ations: ___ 

_(i)_^S2a3i-+-i2--^-S4-oi:^-2ir_ 

(ii) Br 03 + 6H'' + 6e -^Br + SHjO 

17. 0.25 g of an oxalate salt was dissolved in 100 mL of water. 
10 mL of this solution required 8 mL of N/10 KMn 04 for its 
oxidation: Calculate the percentage of oxalate in the salt. 

18. 1,13 g of an ammonium sulphate were treated with 50 mL of 
normal NaOH solution and boiled till no more ammonia was 
given off. The excess of the alkali solution left over was 
titrated with normal H 2 SO 4 . The volume required was 30 mL. 
Find out the percentage of NH 3 in the salt. 

19* The normality of the mixture of HCl and H 2 SO 4 solution is 
N/5. 0.287 g of AgCl is obtained when 20 mL of this solution 
is treated with excess of AgN 03 , Calculate the percentage of 
both the acids in the mixture. 

20. 1.17 g of an impure sample of oxalic acid was dissolved and 
made up to 200 mL with water. 10 mL of this solution in acid 
medium required 8.5 mL of a solution of potassium 
permanganate containing 3.16 g per litre of oxidation. 
Calculate percentage purity of oxalic acid. 

21. What amount of silver chloride will be obtained when 20 mL 
N/20 HCl is made to react with excess of AgN 03 ? 

22* 1,0 g carbonate of a metal was dissolved in 50 mL N/2 HCl 
solution. The resulting liquid required 25 mL of N/5 NaOH 
solution to neutralise it completely. Calculate the equivalent 
mass of the metal carbonate. 

23. 0.35 g of a metal was dissolved in 50 mL V-acid. The whole 
solution then required 20.85 mL of normal alkahne solution 
to neutralise the excess of the acid. Calculate the equivalent 
mass of the metal, 

24. 2.650 g of anhydrous sodium carbonate are dissolvoi in water 
and the solution made up to 500 mL. On titration 50 mL of 
this solution neutralises 50 mL of a solution of sulphuric acid. 
How much water should be added to 450 mL of this acid as 
to make it exactly Ml 2 ? 

25. Two acids A and B am titrated separately each time with 25 
mL of N Na 2 C 03 solution and r^uire 10 mL and 40 mL 
respectively for complete neutralisation. What volume of 
A and B would you mix to produce one litre of normal acid 
solution? 
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26. 1.64 g of a mixture of calcium carbonate and magnesium 
carbonate were dissolved in 50 mL of 0.8 N hydrochloric 
acid. The excess of the acid required 16 mL M4 sodium 
hydroxide solution for neutralisation. Find out the percentage 
composition of the mixture of two carbonates. 

27. What weight of zinc carbonate can just neutralise 300 mL 
MIO sulphuric acid? (At. mass of Zn = 65.0) 

28* 20mLM2HCl,60mLM10H 2 SO 4 and 150mLM5 HNO 3 are 
mixed. Determine the normality of the mixture of the acids in 
solution, 

29. A sample of hydrochloric acid contains 20% of hydrochloride 
by mass. How many grams of this acid sample is necessary 
to completely interact with 50 g of calcium carbonate? 

30. 30 mL of MIO HCl are required to neutrahse 50 mL of a 
sodium carbonate solution. How many mL of water must be 
added to 30 mL of this solution so that the solution obtained 

_may^have^a^concentrariomequaLto^MSO?.. 

of diacidic base was dissolved, in water and^made up 
to 500 mL. 20 mL of this solution completely neutralised 12 
mL of M 6 HCL Find out the eq»nvalent mass and molecular 
mass of the base. 

32. In a sample of sodium carbonate some sodium sulphate is 
mixed. 2.50 g of this sample is dissolved and the volume 
made up to 500 mL, 25 mL of this solution neutralises 201mLL 
of MIO sulphuric acid. Calculate the percentage of sodium 
carbonate in the sample. 

33. Some amount of NH 4 CI was boiled with 50 mL of 0.75 iV 
NaOH solution till the reaction was complete. After the 
completion of the reaction, 10 mL of 0.75 N H 2 SO 4 were 
required for the neutralisation of the remaining NaOH, 
Calculate the amount of NH 4 CI taken. 

34. 25 mL of a mixed solution of sodium carbonate and sodium 
bicarbonate required 10 mL of M20 HCl when titrated in the 
presence of phenolphthalein but 25 mL of the same when 
titrated separately in presence of methyl orange required 
25 mL of MIO HCl. Calculate the amount of anhydrous 
sodium carbonate and bicarbonate in grams per litre of the 
solution. 

35. 4 g of a mixture of NaCl and NaaCOs were dissolved in water 
and volume made up to 250 mL. 15 mL of this solution 
required 50 mL of MIO HCl for complete neutralisation. 
Calculate the {^rcentage composition of the original mixture. 

36. 40mL of a mixture of Na 2 C 03 and NaOH when titrated against 
MIO HCl, the end point with phenolphthalein was reached 
at 25 mL of HCl and at this stage methyl orange was added, 
the quantity of acid further required for second end point 
w^ 5 mL. Calculate the amount of Na 2 C 03 and NaOH in 
g/L of the solution. 

37. Find out the percentage of oxalate in a given sample of an 
oxalate salt of which when 0.3 g were dissolved in 100 mL of 
water required 90 mL of N/10 KMn 04 solution for complete 
oxidation. 

38. A 1.0 g sample of H 2 O 2 solution containing ‘x' per cent by 
weight requires x mL of a KMn 04 solution for complete 
oxidation under acidic conditions. Calculate the normality of 
the KMn 04 solution. 
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39. 25 g of a sample of ferrous sulphate was dissolved in water 
containing dilute H 2 SO 4 and the volume made up to one litre, 

25 mL of this solution required 20 mL of MIO KMn 04 
solution for complete oxidatioa. Calculate the percentage of 
FeS 04 * 7 H 20 in the sample. 

40. (i) A sample of MnS 04 - 4 H 20 is strongly heated in air. The 

residue is Mn 304 . 

(ii) The residue is dissolved in 100 mL of 0.1 N FeSO^ 
containing dilute H 2 SO 4 . 

(iii) The solution reacts completely with 50 mL of KMn 04 
solution. 

(iv) 25 mL of KMn 04 used in step (iii) required 30 mL of 0.1 
N FeS 04 solution for complete reaction. 

Find the amount of MnS 044 H 20 present in the sample. 

(At. mass of Mn = 55) 

41. A sample of KCl is contaminated with NaCl. 4.176 g of the 

sample is dissolved in distilled water and the solution is made 
To 500 mLT 25ML“of th ^lutionTe^uir^ 2730“mLT)f^ ” 

completely with it. Calculate the percentage contamination 
of the sample. 

42. Mercuric iodate [Hg 5 (I 06 ) 2 ] reacts with a mixture of KI and 
HCl according to the equation: 

Hg5(I06)2 + 34KI + 24HC1 —> 5K2Hgl4 + 8 I 2 

+ 24 KCI+I 2 H 2 O 

The liberated iodine is titrated with Na 2 S 203 solution, 1.0 mL 
of which is equivalent to 0.0499 g of CuS 04 ‘ 5 H 20 . What 
volume (in mL) of the Na 2 S 203 solution will be required to 
react with iodine liberated from 0.7245 g of Hg 5 (I 06 ) 2 ? 
[Hg = 200.5, Cu = 63.5,1 =127] 

[Hint : 1448.5 g Hg 5 ( 105)2 = 8 I 2 = 16 Ci^ 04 - 5 H 20 

So, 0.7245 g Hg 5 (I 06)2 = ^ CUSO 4 - 5 H 2 O 

0.0499 g CuS 04 - 5 H 20 = 1 mL of the given Na 2 S 203 ] 

43. 5.0 g of bleaching powder was suspended in water and 
volume made up to half a litre. 20 mL of this suspension when 
acidified with acetic acid and treated with excess of KI 
solution liberated iodine which required 20 mL of a 
decinormal hypo solution for titration. Calculate percentage 
of available chlorine in bleaching powder. [Roorkee 1990] 

44. To a solution of excess of KI in dilute H 2 SO 4 , 25 mL of an 
unknown solution of KMn 04 were added. The liberated 
iodine was exactly reduced by 42.5 mL of N/IO Na 2 S 203 
solution. Calculate the concentration of KMn 04 solution. 

45. In 20 mL of a solution of HCl, 3 g of CaC 03 were dissolved, 
0.5 g of CaC 03 being left undissolved. Find out the strength 
of this solution in terms of (i) normality and (ii) g/L. Find the 
volume of this acid which would be required to make 1 litre 
of normal solution of this acid. 

46. 1.0 litre of a solution contains 5.3 g of Na 2 C 03 and 8 g of 
NaOH. 20 mL of this solution are taken and titrated against 
MIO HCl using separately (a) methyl orange a^ an indicator 
and (b) phenolphthalein as an indicator. What will be the titre 
values in these two cases? 


47. To 20 mL of a copper solution after necessary treatment were 
added excess of KI and the liberated iodine required 11.2 mL 
decinormal solution of hypo. Express the strength of the 
original solution in grams of copper per litre of the solution. 

48. 10 g of a commercial sample of copper sulphate were 
dissolved in water and the volume made up to 500 mL. 25 
mL of this solution was treated with excess of KI and the 
liberated iodine required 30 mL of N/\2 Na 2 S 203 solution. 

Calculate the percentage of copper in the sample. 

49. 0.28 g of a commercial sample of K 2 Cr 207 was dissolved in 
water. Excess of KI was added to it along with dilute H 2 SO 4 . 

Iodine liberated was then titrated against sodium thiosul¬ 
phate solution containing 24.82 g of Na 2 S 203 - 5 H 20 per litre. 

The thiosulphate solution required was 50 mL. Find the 
percentage purity of the sample of K 2 Cr 207 . 

50. A mixture containing KCl and NaCl was dissolved and total 
halide was determined by titration with silver nitrate. A 

“ sampIe“weighingt)T3250 g required^StThLoTCrTA^bluti^ 
Ca]^ate=the-per^nt-age-eT^aeh=^Ftn=the-safflple^-= ^ - 

51. 1.355 g of pyrolusite sample are added to 50 mL of 1 //oxalic 
acid solution containing sulphuric acid. After the reaction is 
completed, the contents are transferred to a measuring flask 
and the volume made up to 200 mL. 20 mL of this solution is 

titrated against KMn 04 . solution whose strength is 2 g/L and- 

31.6 mL of KMn 04 solution are required. Calculate the 
percentage purity in the given sample of pyrolusite. 

52. 0.5 g of bleaching powder was suspended in water an excess 
of KI added. On acidifying with dilute H 2 SO 4 iodine was 
liberated which required 50 mL of N/IO hyposolution. 

Calculate the percentage of available chlorine in bleaching 
powder. 

53. A compound contains C = 48% and H = 8 %. On treating 
0.48 g of the compound by KjeldahFs method, the ammonia 
liberated required 19.2 mL of N/2 sulphuric acid for complete 
reaction. Determine the empirical formula of the compound. 

54. 0.6 g of an organic compound was analysed: The ammonia 
thus produced was absorbed in 90 mL N/9 H 2 SO 4 . The 
remaining acid required 20 mL OAN NaOH for neutralisation. 

Calculate the percentage of nitrogen in the compound. 

55. 0.95 g of an organic compound after being digested with 
H 2 SO 4 was boiled with excess of NaOH. The liberated 
ammonia was absorbed in 100 mL N H 2 SO 4 . The acid left 
required 62.5 mL of A^NaOH for neutralisation. Calculate the 
percentage of nitrogen in the compound. 

56. Calculate the number of oxalic acid molecules in 100 mL of 

0.02 N oxalic acid solution, [Roorkee 1991] 

[Hint : Molarity = ^ = 0.01 M 

23 

No. of molecules in one molar solution = 6.02 x 10 
No. of molecules in 100 mL of 0.01 M oxalic acid solution 

_ 0.0lx6.02x10^\, 

- iooo ^ 

= 6.02 X 10^“] 

57. How much water should be added to 50 mL of 0.1 N HCl in 
order to get 0.04 N solution? 
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58. If40mLof0.1 N KOH is mixed 60 mL of 0.05 V HCl, what 
will be the normality of the resulting solution? What will be 
the normality of salt, formed after the reaction? 

59. 1.26 g of a dibasic acid were dissolved in water and made up 
to 200 mL. 20 mL of this solution were completely neutralised 
by 10 mL of N/5 caustic soda solution. Calculate the 
equivalent mass and molecular mass of the acid. 

60. What will be the normality of solution obtained by mixing 20 
mL of 0.5 //hydrochloric acid, 60 mL of 0.1 //sulphuric acid 
and 150 mL of 0.2 N nitric acid? 

61. 3.0 g of a sample of impure ammonium chloride were boiled 
with excess of caustic soda solution. Ammonia gas so 
evolved was passed into 120 mL of N/2 H 2 SO 4 . 28 mL of 
N/2 NaOH were required to neutralise residual acid. Calculate 
the percentage of purity of the given sample of ammonium 

chloride. _______ 

I Hint ; (12 0 - 28) mLJ\^ 2 gQ 4 _= -gg_inL_M _ 

62. How much water should be added to 100 mL of 2.5 N H 2 SO 4 
to make it normal solution? 

63. 2.20 g of an ammonium salt were boiled with 75 mL of N 
NaOH till the emission of ammonia gas ceased. The excess 
of unused NaOH solution required 70 mL of N/2 sulphuric 
acid for neutralisation. Calculate the percentage of ammonia 
in the salt. 

64. 3.45 g of a metallic carbonate were mixed with 240 mL of 
N/4 HCl. The excess acid was neutralised by 50 mL of N/5 
KOH solution. Calculate the equivalent mass of the metal. 
[Hint ; Equivalent mass of metal carbonate 

3.45 X 4 X1000 

200 " 

Equivalent mass of metal = 69 - eq. mass of carbonate 
= (69 - 30) = 39] 

65. (a) 2 g of a metal carbonate were dissolved in 50 mL of N 

HCl. 100 mL of 0.1 // NaOH were required to neutralise 
the resultant solution. Calculate the equivalent mass of 
the metal carbonate. 

(b) How much water should be added to 75 mL of 3 V HCl 
to make it a normal solution? 

66. Upon mixing 45.0 mL of 0.25 M lead nitrate solution with 

25 mL of 0.1 M chromic sulphate solution, precipitation of 
lead sulphate takes place. How many moles of lead sulphate 
are formed? Also calculate the molar concentrations of the 
species left behind in the final solution. Assume that lead 
sulphate is completely insoluble. [I.I.T. 1993] 

[Hint : The reaction is: 

3Pb(N03)2 + Cr 2 (S 04)3 -> 3PbS04 + 2 Cr(N 03)3 

3 moles 1 mole 3 moles 2 moles 

No. of moles of Pb(N 03)2 = 45 x 10“^ x 0.25 
= 11.25 X 10’^ mole 

No. of moles of Cr 2 (S 04)3 = 25 x 10~^ x 0.1 = 2.5 x 10”^ mole 
Thus, Cr 2 (S 04)3 has limiting concentration. It shall be consumed 
fully and the number of moles of lead sulphate produced will be 
= 3 X 2.5 X 10'^ = 7.5 X 10’^ mole 
No. of moles of lead nitrate left = 11.25 x 10"^ - 7.5 x 10'^ 

= 3.75 X 10’^ mole 

Total volume = (45.0 + 25.0) = 70 mL or 70 x lO"^ litre 


67. 


Molarity = 


3.75x10 

70x10* 


3 * = 0.0536 M 


68 . 


No. of moles of Cr(N 03)3 formed = 2 x 2.5 x 10 ^ 

= 5 X 10“^ mole 

S X 10 “^ 

Molarity =-0.0714 M 

70xl0~^ 

Pb(N 03)2 and Cr(N 03)3 will be present in solution in ionic form. 
Thus, [Pb^""] = 0.0536 Af 

[Cr^""] = 0.0714 M 
[NOJ] = (2 X 0.0536) + (3 x 0.0714) 

= 0.3214 M] 

A sample of hydrazine sulphate (N 2 H 6 SO 4 ) was dissolved in 
250 mL of water, 10 mL of this solution was reacted with 
excess of ferric chloride solution and warmed to complete 
the reaction. Ferrous ions formed were estimated and it 


required“l€ nfiL“of 0T)47tfpotassium permanganate solution. 
:^stimateithe=amount^iiy4raalH^ulfh^^m^eyiir2; 


mL of the solution. Reactions: 


4Fe^'' + N2H4 


Mn 04 + 5Fe^'^ + 8H'"- 


N 2 + 4Fe^'' + 4H^ 


+ SFe^"" + 4 H 2 O 


IM.L.N.R. 1993] 

[Hint : See Example 34] — 

In an ore the only oxidisable material is Sn^'*’. This ore is 
titrated with a dichromate solution containing 2.5 g K 2 Cr 207 
in 0.50 litre. A 0.40 g of sample of the ore required 10,0 cm^ 
of the titrant to reach equivalent point. Calculate the 
percentage of tin in ore. (K = 39.1, Cr = 52, Sn = 118.7) 

[Roorkee 1993] 

[Hint : Mol. mass of K 2 Cr 207 = 2 x 39.1 + 2 x 52 + 7 x 16 

= 78.2 + 104.0 + 112.0 
= 294.2 
294.2 


Eq. mass of K 2 Cr 207 
Normality of K 2 Cr 207 solution 


■ 6 
49.03 


10 mL 


49.03 


N K 2 Cr 207 = 10 mL 


■ = 49.03 

TQQQ_ 
500 

5 


49.03 


N 


49.03 


N stannous ion 


Eq. mass of = 59.35 

5 59 35 

Amount of Sn in the sample = ^ Io5o ^ ^ ^ 

= 0.0605 g 

Percentage of Sn in the ore = x 100 = 15.125] 

69. 2.26 g of impure ammonium chloride were boiled with 100 mL 
of V NaOH solution till no more ammonia was given off. The 
excess of NaOH solution left over required 30 mL 2 N H 2 SO 4 
for neutralisation. Calculate the percentage purity of the salt. 
[H = 1; N = 14; O = 16; Na = 23; S = 32; Cl = 35.5] 

70. Metallic tin in the presence of HCl is oxidised by K 2 Cr 207 
solution to stannic chloride. What volume of decinormal 
dichromate solution would be reduced by 1 g of Sn? 

[M.L.N.R. 1994] 

[Hint : 

3Sn + 2 K 2 Cr 207 + 28HC1-> 3Sna4 + 4KC1 + 4CrCl3 

3 X 118.7 g 2 X 294 g + I 4 H 2 O 




868 


G.R.B. Inorganic Chemistry for Competitions 


K2Ct20'i required for 1 g of Sn 1 8~ 7 ~ 


71 . A sample containing 0.4775 g of (NH4)2C204 and inert 
materials was dissolved in water and made strongly alkaline 
with KOH which converted NH4 to NH3. The liberated 
ammonia was distilled into exactly 50.0 mL of 0.05035 M 
H2SO4. The excess H2SO4 was back titrated with 11.3 mL of 
0.1214 M NaOH. Calculate: (i) percentage of N, (ii) percentage 
0f(NH4)2C204. 

[At. mass of nitrogen = 14.0078; Mol. mass of (NH4)2C204 
= 124.10] [M.L.N.R. 1994] 

[Hint ; 11.3 mL 0.1214 M NaOH = 11.3 mL 0.1214 N NaOH 
= 11.3 mL 0.1214 N H 2 SO 4 = 1.3718 meq. H 2 SO 4 
H 2 SO 4 acid used for neutralisation of NH 3 


72 . 


Amo unt of ammonium oxalate 


= (5.035 - 1.3718) = 3.663 meq. 
= 3.663 meg. NH ^_ 


= 3.663 X 10~^ 

= 3.663 X 10“^ 
= 0.2273 g] 


X Eg. mass 


124.10 


A 0.5 g sample containing Mn02 is treated with HCl liberating 
CI2. The CI2 is passed into a solution of KI and 30.0 cm^ of 
0.1 M Na2S203 are required to titrate the liberated iodine. 
Calculate the percentage of Mn02 in the sample. 

[Roorkee 1994] 

[Hint ; 30.0 mL 0.1 M Na 2 S 203 = 30.0 mL 0.1 A Na 2 S 203 

= 30.0 mL 0.1 NI 2 
= 30.0 mL 0.1 A^Cl 2 
= 30.0 mL 0.1 A Mn 02 


Amount of Mn 02 present = 


% Mn02 = 


NxExV 

1000 

1,,87.. 30 
10 2 1000 
87x30x100 
10x2x1000x05 


26.1] 


73 . 5.3 g of a diacidic base was dissolved in water and made up 
to 1000 mL. 20 mL of this solution was completely neutralised 
by 24 mL of Ml2 hydrochloric acid solution. Calculate the 
equivalent mass and molecular mass of the base. 

74 . 3.2 g of a mixture of calcium carbonate and sodium chloride 
was dissolved in 100 mL of 1.02 N HCl. After the reaction 
the solution was filtered and after separating the precipitate 
the volume was raised to 200 mL. 20 mL of this solution 
required 25 mL N/5 caustic soda solution for neutralisation. 
Find out the percentage of calcium carbonate in the mixture. 

75 . 4 g of a mixture of Na2S04 and anhydrous Na2C03 were 
dissolved in pure water and volume made up to 250 mL. 20 
mL of this solution required 25 mL of N/5 H2SO4 for complete 
neutralisation. Calculate the percentage composition of the 
mixture. 

76 . A 1.2 g mixture of Na2C03 and K2CO3 was dissolved in water 
to form 100 cm^ of a solution. 20 cm^ of this solution required 
40 cm^ of O.l N HCl for neutralisation. Calculate the mass 
ofNa2C03 and K2CO3 in the mixture. [Roorkee 1997] 


77 . One litre of a mixture of O2 and O3 at NTP was allowed to 

react with an excess of acidified solution of KI. The iodine 
liberated required 40 mL of M/10 sodium thiosulphate 
solution for titration. What is the weight per cent of ozone 
in the mixture? Ultraviolet radiation of wavelength 300 nm 
can decompose ozone. Assuming that one photon can 
decompose one ozone molecule, how many photons would 
have been required for the complete decomposition of ozone 
in the original mixture? [I.LT. 1997] 

[Hint : Let the total moles of O 2 and O 3 in the mixture be n. 
Applying PV = nRT 

\x\=nx 0.0821 X 273 
n = 0.044 mole 
Moles of O 3 = moles of h 

= 1/2 moles of Na 2 S 203 

_ Ix-Lx^ 

_. ____" 2 10 100 0 __^_ 

__ = 0.002 mole 

Moles of O 2 in the muUnre ='0:044'^^002"^iL042Tnoie 
Mass of O 2 = 0.042 x 32 = 1.344 g 
Mass of O 3 = 0.002 x 48 = 0.096 g 

% O 3 = X 100 = 6.6 

No. of photons required to decompose 0.002 mole of ozone 

= 0.002 X 6.02 X 10^^ = 1.204 x lO^Y 

78 . 20 mL of a solution containing 0.2 g of impure sample of H2O2 
reacts with 0.316 g of KMn04 (acidic). Calculate: 

(a) Purity of H2O2 

(b) Volume of dry O2 evolved at 27°C and 750 mm pressure. 

79 . Five gram of copper alloy was dissolved in a litre of 
dilute H2SO4.20 mL of this solution was titrated iodometricaUy 
and it required 20 mL of a hypo solution. 20 mL of K2Cr207 
which contained 2.4 g per litre, in presence of H2SO4 and 
excess of KI, required 30 mL of the same hypo solution. 
Calculate the % purity of copper in the alloy. 

80. How many milUlitres of 0.5 M H2SO4 are needed to dissolve 

0.5 g of copper (II) carbonate? [I.I.T. 1999] 

[Hint ; = N2V2 

Vi = Normality of H 2 SO 4 = 0.5 x 2 = 1 V 
Vi = Vol. of H 2 SO 4 

N 2 = Normality of copper (II) carbonate = N 

V 2 = Volume of copper (II) carbonate = 1000 mL 

Thus. 1.0 X Vi = X 1000 

or . Vi = 8.09 mL] 

81 . An aqueous solution containing 0.10 g KIO3 (formula weight 

= 214.0) was treated with an excess of KI solution. The 
solution was acidified with HCl. The liberated iodine 
consumed 45.0 mL of thiosulphate solution to decolourise 
the blue starch-iodine complex. Calculate the molarity of the 
sodium thiosulphate solution. [I.I.T. 1998] 

[Hint; 2 KIO 3 + lOKI + 12HC1-^ 12KCi + 6 I 2 + 6 H 2 O 

[ 2 Na 2 S 203 + I 2 -> 2NaI + Na 2 S 406 ] x 6 

2 KIO 3 + lOKI + 12 Na 2 S 203 + 12HC1-> 12KC1 + 12NaI 

2 mole 12 mole + 6Na2S405 + 6H2O 





Volumetric Analysis 


No. of moles of KIO 3 = 

No, of moles of Na 2 S 203 required for -j™ mole of KIO 3 

_ 12 0.10^0,60 
“ 2 214 214 

Molarity of NazSjOs =|^x^= 0.0623 Af] 

82 . A sample of magnesium was burnt in air to give mixture of 
MgO and Mg 3 N 2 . The ash was dissolved in 60 meq, of HCl 
and the resulting solution back titrated with NaOH. 12 meq, 
of NaOH were required to reach the end point. An excess of 
NaOH was then added and the solution distilled. The 
ammonia released was then trapped in 10 meq. of second 
acid solution. Back titration of this acid solution required 6 
meq. of ttie base. Calculate percentage magnesium burnt to 

_the niMde^_[Roor kee 1 998] 

_[H int t Let m oles of M g used for M gO and Mg 3 N 2 are x and y 

respectively. ~ “ 

2Mg + O 2 -^ 2MgO 

3Mg + N 2 ^g3N2 
Moles of MgO = Moles of Mg 3 N 2 = y/3 

MgO + 2HC1-> MgCla + H 2 O 

Mg 3 N 2 + 8HC1-> 3 M^l 2 + 2 NH 4 CI 

Solution will contain ;c moles of MgCl 2 and 2y/3 moles of NH 4 CL 
Moles of HQ used = 2jc + Sy/3 for MgO and Mg 3 N 2 

2x+ ^=«)-12 = 48 ...(i)- 

Moles of NH 4 CI formed = moles of NH 3 

= moles of HCl used to absorb NH 3 
2y3 = 4 
y = 6 

From eq. (i) 2x + = 48 

X = 16 

% Mg used for Mg 3 N 2 = x 100 = 27,27%] 

83* A sample of hard water contains 96 ppm of SOl~ and 183 
ppm of HCO 3 , with as the only cation. How many 
moles of CaO will be required to remove HCO 3 ” from 1000 kg 
of this water? If 1000 kg of this water is treated with the 
amount of CaO calculated above, what will be the 
concentration (in ppm) of residual ions? (Assume CaC 03 

to be completely insoluble in water). If the Ca^"^ ions in one 
litre of the treated water are completely exchanged with 
hydrogen ions, what will be its pH ? 

(One ppm means one part of the substance in one million 
parts of water.) [LLT May 1997] 

84 . Gastric juice contains 3 g of HCl per litre. If a person produces 

2.5 litre of g^tric juice per day, how many antacid tablets 
each containing 400 mL of AJ(OH )3 are needed to neutralize 
all the HCl produced in one day? [Dhanbad 1991] 

85 , Zinc can be determined volumetrically by the precipitation 
reactions, 

+ 2K4[Fe(CN)6]-> K2Zn3[Fe(CN)6] + eK"’ 


869 - 

A sample of Zn ore weighing 1.5432 g was prepared for 
reaction and required 34.68 mL of 0.1043 M K 4 [Fe(CN) 6 ] for 
titration. What is percentage of zinc in the ore? 

86. A mixture of KOH and Na 2 C 03 solution required 15 mL of 
N/20 HCl using phenolphthalein as indicator. The same 
amount of alkali mixture when titrated using methyl orange 
as indicator required 25 mL of same acid. Calculate amount 
of KOH and Na 2 C 03 present in solution. 

87 . ICXX) mL O 2 at NTP was passed through Siemen’s ozonizer 
so that the volume is reduced to 888 mL at same condition. 
Ozonized oxygen is passed through KI solution. Liberated 
I 2 was titrated with 0,05 N hypo. Calculate volume of hypo 
used, 

88. 1 g of an alloy of copper was dissolved in dilute H 2 SO 4 and 
solution made up to 1 litre. To 20 mL of this solution excess 
of KI was added, liberated iodine required 10 mL of a sodium 

" IBosulpSat^soIufrcMr fo^ 


of KI was added to 20 mL of this solution; liberated iodine 
required 50 mL stock of same Na 2 S 203 solution. Calculate 
amount of copper in the alloy. 

(Given, equivalent mass of hypo = 158; equivalent mass of 
K2Cr207=49) _ 

89 . 30 mL of K 2 Cr 207 liberated iodine from KI solution Wlioii the 
iodine was titrated with hypo solution (M 20 ), the titre value 
was 45 mL. Find the concentration of K 2 Cr 207 in g per litre^ 

90 . Excess of KI and dil. H 2 SO 4 were mixed in 50 mL H 2 O 2 . The 
liberated I 2 required 20 mL of 0.1 N Na 2 S 203 . Find out the 
strength of H 2 O 2 in gfiitie. 

91 . 0.32 g sample of KI (impure) was dissolved in 1,1 millimoles 
of K 2 Cr 04 and 25 mL of 5 iV H 2 SO 4 . Iodine formed was 
expelled off by boiling and the solution is now mixed with 
excess of pure KI and I 2 liberated again which on titration 
required 14 mL of 0.1 N Na 2 S 203 . Calculate % purity of 
original KI sample, 

2CiO|“ + 2H^-> Cr20^+H 2 O 

CrjOl^ + 6 r + 14 ir-» 2 Cr^+ + 3I2 + 7H2O 

92 . 6 g sample of (Fe 304 + Fe 203 ) mixture and an inert material 
was treated with excess of aqueous KI which reduces all Fe^”^- 
to Fe^'*’ ion. The resulting solution was diluted to 50 mL. 
10 mL of the diluted solution titrated with 5.5 mL of 1 M 
Na 2 S 203 to react with all iodine. The I 2 from another 25 mL 
sample was extracted after which the Fe^"^ was titrated with 
3.2 mL of 1 MMnOJ in H 2 SO 4 solution. Calculate percentage 
of Fe 203 and Fe 304 in the mixture. 

[mm : Reactions involved are : 

( 1 ) Fe304 + 2 KI 4- 4H2SO4-> 3FeS04 + K2SO4 + 4H2O + I2 

( 2 ) Fe 203 + 2 KI + 3H2SO4 —> 2 FeS 04 + K2SO4 + 3H2O + I2 

( 3 ) I2 + 2S2O3" —» 2 r + 840^ 

( 4 ) MnOi + SFe^"' + 8 H'"-> + 4H2O] • 

93 * 25 mL H 2 O 2 were added to excess of acidified solution of KI. 

The iodine so liberated required 20 nxL of 0,1 N sodium 
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thiosulphate for titration. Calculate the strength in terms of 
normality, percentage and volume. [MX.N.R. 1996] 

94, CI 2 gas can be produced in the lab by the reaction, 

K2Cr207 + 14HC1-> 2KC1 + 2CrCl3 + 7 H 2 O + 3C12 

If a 6.13 g sample that is 96% K 2 Cr 207 is allowed to react 
with 320 mL of HCl solution having density 1.15 g/mL 
and containing 30% by mass of HCl, what mass of CI 2 is 
generated? 

95, Whiat is the weight in grams of available O 2 per litre from a 
solution of H 2 O 2 . 10 mL of which when titrated with M20 
KMn 04 solution required 25 mL for the reaction, 

2KMn04 + 5H2O2 + 4H2SO4-^ 

5 O 2 + 8 H 2 O + 2 KHSO 4 + 2 MnS 04 

96, A quantity of KMn 04 was boiled with HCl and the gas 
evolved was led into a solution of Kl. When the reaction 

—was^complete^ tbe-I^ liberate<Lwas4itratecLwitlvar^olution-oL 

_kypoxontaining-I24^of-Na9S90v5H9Qper4itre.Itwas^found 

that exactly 60 mL were required to decolourise the solution 
of I 2 . What weight of KMn 04 was used? 


97i 0.5 g of a sample of bleaching powder was suspended in 
water and excess Kl is added. On acidifying with dil. H 2 SO 4 , 
I 2 was liberated which required 50 mL of MIO hypo 
(Na 2 S 203 ‘ 5 H 20 ). Calculate' percentage of available CI 2 in 
bleaching powder. 

98. 1.2 g of a sample of CaOCl 2 were suspended in water 
made upto 100 mL. 25 mL of this solution was treated 
with Kl and the I 2 liberated corresponded to 10 mL of M25 
hypo. Calculate percentage of Cl 2 available in CaOCl 2 . 

99. 1 .6 g of pyrolusite was treated with 60 mL of normal oxalic 
acid and some H 2 SO 4 . The oxalic acid left undecomposed 
was made upto 250 mL, 25 mL of this solution required 
32 mLof 0.1 iVpotassium permanganate (KMn 04 ). Calculate 
the percentage of pure Mn 02 in pyrolusite. 

100. A sample of pyrolusite weighing 0.5 g is distilled with cone. 
HCl. The evolved CI 2 when passed through a solution of Kl 

—Hberates Miffreierit l 2 “ro“re“^^ 

pyrolusite. 



Answers : Subjective Type Questions 

9. 0,2 N 10. 10 litre * 11. 0.08 N 12. 0.2 N 13. 45 g/L 
14. 49.0 15. 5.09 16. (i) 248 (ii) 27.83 17. 70.4% 

18. 30% 19. HCl = 42.69, H 2 SO 4 = 57.31 20. 91.54% 

21. 0.1435 g 22. 50,0 23. 12.0 24. vol. of water = 225 mL 

25. vol of 4 = 200 mL, voJ. of B = 800 mL 

26. CaC03 = 48.78%, MgC03 51,22% 

27. 1.875 g m. N/5 29. 182.5 g 30. 60 mL 

31. 53, 106 ■ 32. NaaCOa = 84.8% 33. 1.^5 g 

34. Na2C03 = 2.12 g/L, NaHCOa = 0.84 g/L 

35. NaCl = 33,75%, Na 2 C 03 = 66,25% 

36. NaOH = 2.0 g/L, Na 2 C 03 = 1.325 g/L 

37. 66 % 38. 0.6 N 39. 88.96% 40. 1.338 g 

41. contamination percentage 46.95% 42. 40 mL 43. 35.5% 

44. 5.372 g/L 45, 91.25 g/L, 2.5 N, 400 mL 

46. with phenolphthalein 50 mL; with methyl orange 60 mL 

47. 3.528 g/L ^ 31J5% 49. 87.5% 


50. NaCI 61.81%, KCI 38.19% * 51, 96.31% 52. 35.5% 

S3. C 4 HgN 20 54. 18-68% 55. 55.26% 57. 75 mL 

58. Ml 00, M33.3 59. 63, 126 60. M5 61. 82% 

62. 150 mL 63. 30.90 65. (a) 50 (b) 150 mL 67. 1.625 g 

69. 94.7% 70. 337 mL 

71. % of N 2 = 10.74%; % of (NH 4 ) 2 C 204 = 47.6% 

73. Eq. mass 53, Mol mass 106 74 81.25% 

75. Na2C03 82.8%, Na2S04 17.2% 

76. Na2C03 = 0.5962, K 2 CO 3 = 0.6038 

78. % H 2 O 2 = 85; vol of dry O 2 = 12479 mL79. 41.52% 

83. 40 ppm, pH = 2.6989 84. 14 85. 22.85 

86 . Na 2 C 03 0-053 g, KOH 0.014 g 87. 4(K) mL 88 . 0.635 g 

89. 3,675 g 90. 0.68 g 91. 98.56% 

92. 17.4% Fe304, 24.6% Fe203 93. N = 0.08 V = 0.448 

94. 4.263 g 95. 2 g 96, 0.9486 g 97. 35.5% 98. 4.7% 

99. 76.125% 100 . 87% 
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ILLUSTf^WfJS OF OBJECTIVE QUESTIONS 


1. A 5 molar solution of H 2 SO 4 is diluted from 1 Lto lOL. What 

is the normality of the solution? [M.H.C^EX 2005] 

(a) 0.25iV (b) I iV 

(c) 2 N (d) IN 

A ns* (b) 

I Hint : Normality = Molarity x Basicity of acid 

= 5 X 2 = 10 
=: N 2 V 2 

(Before dilution) (After dilution) 

\{)x \ = Njx 10 
or N 2 = I N] 

2. A solution contains 1.2046 x 1hydrochloric acid molecules 

m one drh'^ " 0 ^^ The normality of the solution is: 

(a) 6N (b)2N 

(c) 4 N (d) 8 N 

Ans. (b) 

I Hint : Number of moles of HC! dissolved in I litre 

^ 1.2046x10^'* 
6.023 x! 0 “ 

Molarity = 2 M 

Normality = Molarity x Basicity of acid 
= 2 X I -2 A/] 

3. What volume of NaOH solution (0,1 N) is added to 40 mL of 
NaOH(0.1 AO which is neutralized by 50 mL of HCl (0,2 N) ? 

[EMX (Punjab) imS] 
(a) 80 mL (b) 60 mL 

(c) 40 mL (d) 90 mL 

Ans. (b) 

(Hint : 


[Hint : A/jVj (acid) = N 2 V 2 (base) 

0.2 X 50 = N 2 V 2 (base) 

0,2 X 50 = 0.1 X V 2 

or V'2 = ^=l^mL 

Volume of solution added = 100 - 40 = 60 mL| 

4. TTie normality of a mixture obtained by mixing 100 mL 0.2 M 
H 2 SO 4 and 100 mL 0.2 M NaOH is : 


(a) 0.2 N 
(c) 0.1 N 
Ans. (c) 
IHiiit : 


(b) 0.01 N 
(d) 0,3 N 


I Hint : Normality of H 2 SO 4 = Molarity x Basicity 

= 0.2 X 2 = 0.4 

Normality of NaOH = Molarity x Acidity 
= 0.2 X I = 0.2 

/V|Vi(H 2 S 04 ) - N 2 V 2 (NaOH) = /Vk,,uIuuu(V^i + ^ 2 ) 

0.4 X 100 - 0.2 X 100 = /V|^,,,u,u„u(200) 
^RcsuiUml “0.1 N\ 

5. 35.4 mL of HCl is required for the neutralization of a solution 
containing 0.275 g of sodium hydroxide. The normality of 
hydrochloric acid is : 

(a) 0.97 V (b) 0.142 V 

(c) ().!94V (d) 0.244 V 

Ans. (c) 


[Hint : Number of equivalents of NaOH = Equivalent ma.ss 

= 2 ^ = 6.875x10-’' 
4<) 

Number of equivalents of HCl = Number of equivalents 

of NaOH 


N X 35.4 ^ oac w 

= 6.875 X 

V = 0.1941 


: 6.875x10^ 


15 volume sample of an H 2 O 2 solution is equivalent to : 

(a) -5 JaAL... (b)4;77^V— “ - - 

Icl-IMM- _(d-V-7^TV---: 

Ans. (c) 

I Hint ; Volume strength of H 2 O 2 = A/ x 5.6 

15 = Vx 5.6 
N = 2.68] 

KIVInOa reacts with oxalic acid according to the equation, 

2MnOi + 5 C 204 " + 16H’'-> 2Mn^‘' + 1OCO 2 + 8 H 2 O 

Here, 20 mL of O.l M KMn 04 is equivalent to : 

(a) 120 mL of 0.25 MH 2 C 2 O 4 (b) 150 mL of 0.1 M H 2 C 2 O 4 
(c) 50 mLof().l()MH 2 C 264 (d) 50mLof0.20MH 2 C 2 O 4 
Ans. (c) 


kMnOJ): 


For Mn 04 , 


For H 2 C^ 04 , 


^(H.C. 04 ) 

<20 ^ 
n\ 2 

50x0.1 


100 mL of V/5 NaOH will neutralize: 

(a) 0.06184 g of H 3 BO 3 (b) 0.1855 g of H 3 BO 3 

(c) 1.2368 g of H 3 BO 3 ' (d) 0.03092 g of H 3 BO 3 

Ans. (c) 

[Hint ; Number of equi valents of H 3 BO 3 = Number of equi v alents 

' I ■ of NaOH 

X I 00 

_ - d -= 002 (W 

“ looo nm ^ ^ 

Mass 

Number of equivalents of H 3 BO 3 = Equivalent mass 

= 0.0199 ~ 0.02 I 

o 2 


9. What volume of 0.1 M H 2 SO 4 will be required to produce 
! 7 g of H 2 S by the reaction, 

5H2SO4 + 8Nal-> 4Na2S04 + 4I2 + H2S + 4H2O ? 

(a) 70L (b)50L 

(c) 25 L (d) 5 L 

Ans. (c) 

I Hint : 34 g H 2 S is formed by 5 mole of H 3 SO 4 

17 g H 2 S will be formed by 2.5 mole of H 2 SO 4 

Number of moles = 

™ 03 x\/ 

^ 1000 
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or V = 25000 mL = 25 L] 

10 . 50 mL of a solution of Na 2 C 03 neutralizes 49.35 mL of 4 
HCL The reaction is represented as 

CO|" + IH "—^ CO 2 + H 2 O 
The density of this Na 2 C 03 solution is 1.25 g niL“^ The 
percentage of Na 2 C 03 in it is : 

(a) 47.7 (b) 37.7 

(c) 26.7 (d) 16.7 

Ans. (d) 

[Hln.: 

AZj and ^2 corresponding coefficients in the balanced 
equation, 

Ml X50^4x49.35 
1 2 

- -or--Mi--=-L.974-- -- 

-^^ j^x^xlO - 

rriB 

Where, jc = Percentage by mass of solute 
d - Density of solution 
= Molar mass of solution 
, . _ jcx 1.25x10 

106 

JC = 16.7] 

11 . A 0.492 g of KH 2 PO 4 is titrated against a solution of 0.112 M 
NaOH. The volume of the base required to do this is 25.6 
mL. The reaction involved is, 

KH 2 PO 4 + NaOH-> NaKHP 04 + H 2 O 

The percentage purity of KH 2 PO 4 is : 

(a) 88.45 (b) 78.42 

(c) 79.06 (d) 46.32 

Ans. (c) 

[Hint ; Number of moles of KH 2 PO 4 = Number of moles of NaOH 

_ MV ^ 0.112x25.6 
“ 1000 1000 
= 2.8672 X 10“^ 

Mass of KH 2 PO 4 = 2.8672 x 10“^ x 136 
= 0.389 g 

Percentage purity of KH 2 PO 4 = 9 492 ^ ~ 79.06] 

12 . When 3.92 g of sample of Mohr’s salt reacts completely 
with 50 mL N/IO KMn 04 solution. The percentage purity of 
the sample of Mohr’s salt is : 

(a) 50 (b) 70 

(c) 37 (d) 40 

Ans. (a) 

[Hint : NiVi(Mohr’s salt) = N 2 V 2 (KMn 04 ) 

X 1000 = 1/10 X 50 
= 0.005 

Strength of Mohr’s salt [FeS 04 (NH 4 ) 2 S 04 - 6 H 20 ] 

= 0.005 X 392 = 1.96 g 
196 

Percentage purity of Mohr’s salt sample = x 100 

= 50 %] 


13 . A solution of 10 mL of M/10 FeS 04 was titrated with KMn 04 
solution in acidic medium, the amount of KMn 04 used will 
be : 

(a) 10inLof0.5M (b) lOmLof O.lM 

(c) 5inLof0.1M (d) 10mLof0.02M 

Ans. (d) 

[Hint : The reaction involved is, 

2 KMn 04 + 8 H 2 SO 4 + 10 FeSO 4 -^ 5Fe2(S04)3 

+ 2MnS04 + K2SO4 + 8H2O 

^^(KMn 04 ) = ^^^^(FeS 04 ) 

ni n2 


^FeS04) 


0 . 1 x 10 


KKMn 04 ) = 


0 . 02 x 10 


An aqueous solution of 6.3 g of oxalic acid dihydrate is made 
njpro“^0nnafcr^e^otume~of^0^T^~Na^ 
completely neutralise 10 mL of this solution is : 

(a) 40 mL (b) 20 mL 

(c) 100 mL (d) 400mL 

Ans : (a) 

wb X1000 

• ^oxalic acid “ Eb X V 

6.3 X 1000 _ 

” 63x250 

NiVi (oxalic acid) = N 2 V 2 (NaOH) 

0.4 X 10 = 0.1 X V 2 
V 2 = 40 mL] 

3 

The formula mass of an acid is 82 amu. In a titration, 100 cm 
of a solution of this acid containing 39 g of the acid per litre 
was completely neutralized by 95 cm of aqueous solution 
of NaOH containing 40 g NaOH per litre of solution. What is 
the basicity of the acid ? 

(a) 4 (b) 2 

(c) 1 (d) 0 

Ans : (b) 

[Hint : 


7ViVi(acid) 


1 (•.• 40 g/litre = 1 N NaOH) 

A 2 l^ 2 (NaOH) 


TVi X 100 = 1 X 95 


0.95 = 


wb X 1000 
EbxV 

39x1000 
£5 X 1000 


Equivalent mass 


Molecular mass 
Basicity 

_ 82 
“ Basicity 


Basicity = 2] 
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OBjecTive QuesTioNS 


• • • 


Note ; Choose the correct answer(s) out of given alternatives for each question. 


A normal solution: 

(a) contains one gram equivalent mass of the substance in 

one litre solution □ 

(b) contains one gram molecular mass of the substance in 

one litre solution □ 

(c) contains one gram equivalent mass of the substance in 

100 mL of the solution □ 

(d) is that whose concentration is known □ 

Which one of the following is a standard solution? 

(a) it cqntainA_one gram e^quivalentjuass-of^ t^^ 

_i n one litr e sol u ti o n_ ____—.—-O- 

its strength is accurately known □ 

(c) its strength is to be determined □ 

(d) a solution which has been prepared from pure substance 

□ 

The molecular mass of H 3 PO 3 is 82. Its equivalent mass if 
it is completely neutralisedris: 

(a) 82 □ (b) 27.3 □ 

(c) 41 □ (d) 246 □ 

The molecular mass of Mohr’s salt, FeS 04 (NH 4 ) 2 S 04 ‘ 6 H 20 , 
is 392. Its equivalent mass is: 


mol. mass 


(c) moLmass 


(a) 196 □ (b) 392 □ 

(c) 98.0 □ (d) 392 □ 

Cr 207 ” equivalent m^s of € 1207 ^ is: 

[aC,E. 2006] 

mol. mass mol mass r-, 

(a) —— - n (b) □ 

, . , n IMSS r-i 

(c) moLmass □ (d) —- □ 

Amount of oxalic acid required to prepare 250 mL of MIO 
solution (Mol. mass of oxalic acid = 126) is: 

(a) 1.5759 g □ (b)3.15g □ 

(c) 15.75 g □ {d)63.0g □ 

Normality of 2% H 2 SO 4 solution by volume is nearly: 

(a) 2 □ (b) 4 □ 

(c) 02 □ (d) 0.4 □ 

The equivalent mass of KMn 04 in the following reaction is: 

[J.E-E. (Orissa) 20101 

Mn04 + 5Fe^+ + 8H+-> + 4 H 2 O 

(a) M/2 □ (b) M/3 □ 

(c) M/5 □ (d) M/4 □ 

[Hint : Change in oxidation number of Mn per molecule = 7-2 
= 5, Eq. mass = M/5] 

When KMn 04 is reduced with oxalic acid in acidic 

medium, the oxidation number of Mn changes from: 
(a)7to4 □ (b)6to4 □ 

(c) 7 to 2 □ (d) 4 to 2 □ 

For the half cell reaction, 

2BrOi + 12H^+ ICk- >612 + 6 H 2 O 

the equivalent mass of sodium bromate is: 


(a) equal to its mol, mass □ (b) 1/3 of its mol. mass □ 

(c) 1/6 of its mol. m^s □ (d) 1/5 of its mol mass □ 

In the reaction, 

I2 + 28203“ —> ir + S40I' 
equivalent mass of iodine is: [M.R (P.MX) 2004] 

(a) equal to its molecular mass □ 

(b) 2/3 the molecular mass □ 

(c) 2/9 the molecular mass □ 

(d) t wice the m olecula r mas s___□ - 

^ jPglal solu tion is one that contains one moIe^oTthe^olute 

(a) 1000 g of the solvent □ 

(b) one litre of the solvent □ 

(c) one litre of the solution □ 

(d) 22.4 litre of the solvent □ 

In alkaline conditions, KMn 04 reacts as follows, 

2KMn04 + 2KOH —^ 2K2Mn04 + H 2 O + [O] 
Therefore, its equivalent mass will be: 

(a) 31.6 □ (b) 52.7 □ 

(c) 72.0 □ (d) 158.0 □ 

0.1 N solution of Na 2 C 03 is being titrated with 0.1 A HCl, 
the best indicator to be used is: 

(a) potassium ferricyanide □ 

(b) phenolphthalein □ 

(c) methyl orange □ 

(d) litmus □ 

For the preparation of a litre of A/10 solution of H 2 SO 4 , we 
need: 

(a)9.8g □ (b)4.9g □ 

(c) 10 g □ (d) 98 g □ 

Molecular mass of a tribasic acid is M Its equivalent mass 
will be: ^ 

(a) M/3 □ (b) 3 M □ 

(c)M/2 □ (d)2M □ 

A solution containing Fe^^ ions is titrated with KMn 04 
solution. Indicator used will be: 

(a) phenolphthalein □ (b) methyl orange □ 

(c) litmus □ (d) none of these □ 

If 200 mL of A/10 HCl were added to 1 g calcium carbonate, 
what would remain after the reaction? 

(a) CaC 03 □ (b) HQ □ 

(c) Neither of the two □ (d) Part of both □ 

How many mL of 1 M H 2 SO 4 acid solution is required to 
neutralise 10 mL of 1 M NaOH? 

(a)5mL □ (b)2.5mL □ 

(c) 10 mL □ (d) 20 mL □ 

200 mL of 3 A HCl were mixed with 200 mL of 6 A H 2 SO 4 
solution. The final normality of H 2 SO 4 in the resultant 
solution will be: 
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(a) 9 N □ (b) 3 /V n 

(c) 6N - n (cl) 2 /V □ 

2 L The volume ol* water to be added to 400 mL of yV /8 HCl to 
make it exactly Ni\2, is: 

(a) AOi) mL □ (b) 300 mL □ 

(c) 200mL □ (d) lOOmL □ 

22. 100 mL of 0.3 N HCl were mixed with 200 mL of 0.6 N H 2 SO 4 
solution. The final normality of acid was: 

(a) 0.4yv □ (b)0,5/V □ 

(c) 0.6 N □ (d) 0,9 N □ 

23. The molecular mass of NaOH is 40,50 mL of a solution 
containing 2 g of NaOH in 500 mL will require for complete 
neutralisation: 

(a) lOmLdccinormal HCl □ 

__(b)_2QmLjdecmormaJJH^ _ _ □ 

_ (c ) 5()mLd eci normal HCl _ _ □ 


□ 

iodine 

□ 

□ 

□ 

□ 


(d) 25 mLdccinormal HCl . Q 

24. 50 g ol* a sample of NaOH required for complete neutra¬ 
lisation, I litre N HCl. What is the percentage purity of 
NaOH? 

(a) 80 n (b) 70 □ 

(c) 60 .. ‘ □ fd) 50. D 

25. Weight of iodine required to oxidise 500 mL N Na 2 S 203 
solution, is: 

(a) 6.35 g □ (b) 63.5 g □ 

(c) I27g □ (d) 254g 

26. 25 mL N K 2 Cr 207 acidified solution will liberate . 

I'rom Kl solution: 

(a) 0.3175 g □ (b)3.175g 

(c) 3l.75g □ (d)3l7.5g 

21. The indicator used in iodometr.ic titrations is:^ 

(a) phcnolphthalcin □ (b) litmus 

(c) potassium icxlide □ (d) starch 

28. Which of the following acids is added in the titration of 
oxalic acid and potassium permanganate? 

(a) HNO 3 □ (b) HCl □ 

(c) CH 3 COOH □ (d) H 2 SO 4 □ 

29. In the titration of K 2 Cr 207 iodomctricaily, near the end point 
the colour of the solution becomes: 

(a) green □ (b) red □ 

(c) yellow □ (d) blue □ 

30 In the titration of ferrous ammonium sulphate and potassium 
dichromate, the external indicator used is: 

(a) KCNS □ (b) NH 4 CNS □ 

(c) K^Fe(CH)(, □ (d) K 4 Fe(CN )6 □ 

31. {)A N solution ol'a dibasic acid can be prepared by dissolving 

0.45 g of the acid in water and diluting to HX) mL. The 
molecular mass of the acid is: 

(a) 45 □ (b) 90 □ 

(c) 135 □ (d) 180 □ 

31 100 mL of 0,2 N HCl solution is added to !0() mL of 0.2 
N AgN 03 solution. The molarity of nitrate ions in the 
resulting mixture will be: 

(a) 0.05 M □ “(b) 0.5 M □ 

(c)().IM □ (d) 0.2 iVf □ 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


In an experiment, 20 mL of a decinormal HCl solution was 
added to 15 mL of a decinormal AgN 03 solution. AgCI was 
precipitated out and excess of acid was titrated with N/20 
NaOH solution. The volume of NaOH required was: 

(a) 10 mL □ (b)20mL □ 

(c) 3()mL □ (d)5mL □ 

Iodine solution is prepared by dissolving iodine in: 

(a) NaOH □ (b) Na 2 C 03 □ 

(c) H 2 O □ (d) KI □ 

Which one of the following is not a primary standard? 

(a) oxalic acid □ (b) sodium thiosulphate □ 

(c) sodium hydroxide □ (d) potassium dichromate □ 


Which one of the following is a primary standard? 

(a) KMn 04 □ (b) CUSO 4 - 5 H 2 O □ 

Mh ......□._..M.H 2 S 04 _.____.. D 

When 10 mL of 10 M solution of H 7 SO 4 and 100 mLof I M 

resulfmg be: 

(a) acidic □ (b) neutral □ 

(c) alkaline □ (d) cannot be predicted □ 

1.0 g of a metal carbonate neutralizes 200 mL of 0.1 N HCl, 
The equivalent mass of the metal will be: 

(a) 50 □ (b) 40 “ ■ —Q 

(c) 20 □ (d) 100 □ 

The normality of a 26% mass/vol .solution of ammonia 
(density 0.885 g/mL) is approximately: — 

(a) 1.5 □ (b) 4.0 □ 

(c) 0.4 □ (d) 15.3 □ 

The molarity of pure water Ls: 

(a) ISM □ (b)50-0M □ 

(c) 55.6 M □ (d) iOOM □ 

5.0 g of H 2 O 2 is present in 100 mL of the solution.The 


molecular mass of H 2 O 2 is 34. The molarity of the solution 
is: 


(a) 1.5 M □ (b)O.I5M □ 

(c) 3.{)M □ (d)50M □ 

2 N solution of sodium carbonate is equivalent to a solution 
of strength: 

(a) 106 g per 100 mL □ (b) 53 g per 100 mL _□ 

(c) 10.6 g per 100 mL □ (d) 5.3 g per 100 mL □ 

Which one of these solutions has the highest normality? 

(a) SgKOHpcrIOOmL □ 

(b) ().5MH2S04 n 

(c) 6 g of NaOH per 100 mL □ 

(d) /VH 3 P 04 □ 

I g of a metal required 50 mL of 0.5 N HCl to dissolve it. The 
equivalent mass of the meUil is: 

(a) 25 □ (b) 50 □ 

(c) 20 □ fd) 40 □ 

What volume of CO 2 at N.TP. will be liberated by the action 
of 100 mL of 0.2 N HCl on CiiCO^ ! 

(a) ll2mL □ (b) 224mL □ 

(c) 448 mL '' □ (d) i20mL □ 

The equivalent mass of phosphoric acid (H 3 PO 4 ) is 49. It 
behaves as . . . acid. 

(a) monobasic □ (b) dibasic n 

(c) tribasic □ (d) tetrabasic D 
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47. The normality of 10% (mass/volume) acetic acid is: 

(a) 1 /V □ (b) 10/V □ 

(c) 1.7 A/ □ (d)0.83/V □ 

48. In the reaction of sodium thiosulphate with iodine in aqueous 

medium, the equivalent mass of sodium thio.sulphate is equal 
to : [J.E.E. (W.B.) 201OJ 

(a) molar mass of sodium thiosulphate □ 

(b) the average of molar masses of Na 2 S 203 and I 2 □ 

(c) hair the molar mass of Na 2 S 203 □ 

(d) twice the molar mass of Na 2 S 203 □ 

49. How many grams of CH 3 OH would have to be added to 

water to prepare 150 mL of a solution that is 2.0 M CH 3 OH? 

(a) 9.6 □ (b) 2.4 □ 

(c) 9.6x10^ □ (d) 4.3 X 10^ □ 

50. On dissolving 1 mole of each of the following acids in one 

htfe“wteiT tBe~^Td” \^ich^U 6 es a soTution of 

(a) HCl □ (b) HCIO 4 □ 

(c) HNO 3 □ (d) H 3 PO 4 □ 

51. 0.16 g of a dibasic acid required 25 mL of dccinormal NaOH 
solution for complete neutralisation. The molecular mass of 
the acid is: 

(a) 32 □ (b) 64 □ 

(c) 128 □ (d) 256 □ 

52. 5 mL of N HCl, 20 mL of N/2 H 2 SO 4 and 30 inL of N/3 
HNO 3 arc mixed together and volume made to one litrc.Thc 
normality of the resulting solution is: 

(a) yv/5 □ (b)yV/IO □ 

(c) yV/20 □ (d) A//40 □ 

53. The equivalent mass of MnS 04 half of its molecular mass 
when it is converted to: 

(a) Mn 203 □ (b) IVI 11 O 2 □ 

(c) Mn 04 □ (d) Mn 04 □ 

54. For the redox reaction, 

Mn04 + C2O4' + + CO2 + H2O 

the correct coefficients of the reactants lor the balanced 
reaction are: 

Mn 04 C 20 |^ 

(a) 2 5 16 □ 

(b) 16 5 2 □ 

(c) 5 . 16 2 □ 

(d) 2 16 5 □ 

55. 100 mL solution consists 4 g caustic soda. The normality of 
the solution is: 

(a) 1.0 □ (b) 0.1 □ 

(c) 0.5 □ (d) 4.0 □ 

56. The amount of a caustic soda required for complete 
neutralisation of 100 mL 0 .1 N HCl is: 

(a) 4.0g □ (b)0.04g □ 

(c) 0.4g □ (d) 2 . 0 g □ 

57. What volume of N/2 and MIO HCl should be taken in order 
to make a 2 litre solution of N/5 streftglh? 

(a) 0.5 litre of N/2 HCl and 1 .5 litre of A//10 HCl / . □ 

(b) 1 litre of A//2 HCl and 1 litre of A//10 HCl □ 


(c) 1 .5 litre of yV/2 HCl and 0.5 litre of A//10 HCl □ 

(d) 0.7 litre of yV/2 HCl and 1-.3 litre of A//I0 HCl □ 

The molar concentration of the chloride ion in the solution 
obtained by mixing 300 mL of 3.0 Af NaCI and 200 inL of 4.0 
M solution of BaCl 2 is: 

(a) 1.6M □ (b) I. 8 M □ 

(c) 5.0Af □ (d)0.5Af □ 

The normality of 0.3 M phosphorous acid (H 3 PO 3 ) is: 

(a) 0.1 □ (b) 0.9 □ 

(c) 0.3 □ (d) 0.6 □ 

A 100 mL solution of 0.1 A/HCl was titrated with 0.2 A/NaOH 
solution. The titration was discontinued after adding 30 mL 
of NaOH solution. The titration was coinpleted by adding 
0.25 N KOH solution. The volume of KOH required for 

co mple ti ng t he titration is: __ 

(a) 70 m L_ □ (b) 3 2 mL □ 

=”(c)-35-nTr^ □^)^' 6 ' 7 ^TL 

An aqueous solution of 6.3 g of oxalic acid dihydrate is made 
upto 250 mL. The volume of 0.1 N NaOH required to 
completely neutralise 10 mL of this solution is: [I.I.T. 2001] 
(a) 40 mL □ (b) 20 mL □ 

(c) lOmL □ (d) 4mL □“ 

In order to prepare one litre normal solution of KlVln 04 , how 
many grams of KMn 04 are required if the solution is to 
be used in acid medium for oxidation? [P.E.T. (M.P.) 2002]- 
(a) 158g □ (b) 3j.6g □ 

(c)62g □ (d) 790g □ 

3 g of an oxide of a metal is converted to chloride completely 
and it yielded 5 g of chloride. Equivalent weight of the metal 
is: [K.C.E.T. 2002] 

(a) 33.25 □ (b) 3.325 □ 

(c) 12 □ (d) 20 □ 

Phosphoric acid, H 3 PO 4 can be neutralised to: 

(a) HPOf □ (b) P 04 ^ □ 

(c) H 2 PO 4 □ (d) HPO^ □ 

"a g KHC 2 O 4 required to reduce 100 mL of 0.02 M KMn 04 
in acid medium and g KHC 2 O 4 neutralises 100 inL of 0.05 

M Ca(OH )2 then: _ 

(a) a = h □ (b) 2a = h □- 

(c) a = 2h □ (d) none of these □ 

Which of the following statements is/are true about H 3 PO 2 ? 

(a) It is a tribasic acid □ 

(b) One mole of it is neutralised by 0.5 mole of Ca(OH )2 □ 

(c) NaH 2 P 02 is acidic salt □ 

(d) It disproportionates to H 3 PO 3 and PH 3 on heating □ 
Mixture of (1 mole BaF 2 ) and (2 mole H 2 SO 4 ) can be 
neutralised by: 

(a) 1 mole KOH □ (b) 2 moleCa(OH )2 O 

(c) 4 mole NaOH □ (d) 2 mole KOH □ 

28 NO 3 + 3 AS 2 S 3 + 4 H 2 O 6 AsO^ + 28NO + 9 SO 4 + SH"". 
What will be the equivalent mass of AS 2 S 3 in above reaction? 
\ , M. wt. ^ M. wt. ^ 

m □ (^) □ 


2 

M. wt. 


4 

M. wt. 
28 
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69. A solution of Al 2 (S 04)3 {d = 1.253 g inL“') contains 22% 

salt by weight. The molarity, normality and molality of the 
solution are; (M.P. (P.M.T.) M04] 

(a) 0.825 M, 48.3 N, 0.805 m □ 

(b) 0.805 M, 4.48 a; 0.825 m □ 

(c) 4.83 M, 4.83 A, 4.83 m □ 

(d) none of the above □ 

70. The equivalent mass of KIO 3 in the reaction, 

2 Cr(OH )3 + OH" + KIO 3 -> 2 Ci 04 ' + KI + 5 H 2 O is: 

[M.P. (P.E.T.) 2004] 

(a) modular mass □ (b) molecular mass/3 □ 

(c) molecular mass /6 □ (d) molecular mass /2 □ 

71. The normality of mixture obtained by mixing 100 mL of 0,2 M 
H 2 SO 4 +100 mL of 0.2 M NaOH is: 

[C.E.C.E. (Bihar) 2004] 

(i) 02 

. g _ 

72. A 25 mL solution of barium hydroxide on titration with a 0.1 
molar solution of hydrochloric acid gave a titre value of 
35 mL. The molarity of barium hydroxide solution was: 

[AJ.E.E.E.^03] 

(a) 0.07 □ (b) 0.14 □ 

(c) 0.28 □ (d) 0,35 □ 

73. Normality of 2 M sulphuric acid is: [C.B*S.E, 2(K)3j 

(a) 2N □ (b) 4A □ 

(c)0.5iV □ (d)0.25iSf □ 

74. A solution is formed by diluting 250 mL of 0.4 N H 2 SO 4 with 
one litre of water. The normality of above formed solution is: 

[AJIM.C* 2003] 

(a)0.4iV □ (b) 0.899 A □ 

(c) 0,040 iV □ (d) 0,080 iV □ 

75. 35.4 mL of HCl is required for the neutralisation of solution 

containing 0.275 g of sodium hydroxide. The normality of 
hydrochloric acid is: [C.P.M.T. 2003] 

(a) 0.97 A □ (b) 0.142 AT □ 

(c) 0.194Ar □ (d) 0,244 iV □ 

76. KI when mixed with CUSO 4 solution in iodometric titration, 

gives: ' [M.E (P.1V1T.) 2005] 

(a) Cul 2 + K 2 SO 4 □ (b) CU 2 I 2 + K 2 SO 4 □ 

(c) K 2 SO 4 + CU 2 I 2 +12 □ (d) K 2 SO 4 + Cul 2 +12 □ 

77. The equivalent weight of phosphoric acid {H 3 PO 4 ) in the 
reaction, 

NaOH + H 3 PO 4 -> NaH 2 K )4 + H 2 O is : 

[B,H.U. (Medical) 2005] 
(a) 59 □ (b) 49 □ 

(c) 25 □ (d) 98 □ 

78. The volumes of 4 iV HCl and 10 N HCl required to make 1 

litre of 6 iV HCl are: [C.EJE. (Kerala) 2004] 

(a) 0.75 Utre of 10 N HCl and 0.25 litre of 4 iV HCl □ 

(b) 0.25 Utre of 10 N HCl and 0.75 Utre of 4 iV HCl □ 

(c) 0,67 Utre of 4 N HCl and 0.33 litre of 10 N HCl □ 

(d) 0.8 Utre of 4 iVHCl and 0.20 litre of 10 iSTHCl □ 

(e) 0.51itreof4iVHCland0.5UtreoflOiVHCl □ 


79. 20 mL of 0,5 N HCl when mixed with 35 mL of 0.1 A/ NaOH; 

the resulting solution will: [C.E.T* (Karnataka) 2005] 

(a) be neutral □ 

(b) be basic □ 

(c) turn phenolphthalein solution pink □ 

(d) turn methyl orange red □ 

80. One mole of acidified K 2 Cr 207 on reaction with excess KI 

will Uberation .. moles of I 2 , [P.E.T. (Kerala) 2006] 

(a) 5 □ (b) 4 □ 

(c) 3 □ (d) 2 □ 

[ffint : K2Cr207 + 7 H 2 SO 4 + 6KI-> 4 K 2 SO 4 + Cr2(S04)3 

+ 7H2O + 3I2] 

81. The formula mass of Mohr’s salt is 392. The iron present in 

it is oxidised by KMn 04 in acid medium. The equivalent mass 
of Mohr’s salt is: [C*EX (Karnataka) 2006] 

.Xa)^“3az---.(br31:6--- 

-Ejz 

82. Which of the foUowing concentration terms is/are indepen¬ 
dent of temperature? 

(a) Molarity □ 

(b) Molarity and mole fraction □ 

(c) Mole fraction and molaUty . ... 

(d) Molality and normality □ 

83. Acidified KMn 04 oxidises oxalic acid to CO 2 . What volume 
in Utres of 10“^M KMn 04 required to completely oxidise 0.^ 
litres of 10“^M oxaUc acid in acid medium? 

[E,A.M.C J:,T. (Medical) 2006] 
(a) 125 □ (b) 1250 □ 

(c) 200 □ (d) 20 * □ 

[Hint : NormaUty of KMn04 = 5 x 10 "^ N 
NormaUty of oxalic acid = 2 x N] 

84. The volume of water to be added to 100 cm^ of 0.5 N H 2 SO 4 

to get decinormal concentration is : rC.P,MX 2006; 

BCECE 2008] 


(a) 400cm^ 


(c) 500 cm □ (c 

[Hint : Let the V cm^ of water be 
(100 4 - V) cm^. 

(100 + T)x0I 


□ (b) 450cm^ 

□ (d) lOOcm^ 


Let the V cm of water be added. Total volume becomes 

. trs __3 


(100 + T) X 01 = 100 X 0.5 
or t^ = i0^^_100 = 400cm3] 

Consider a titration of potassium dichromate solution with 
acidified Mohr’s salt solution using diphenylamine as 
indicator. The number of moles of Mohr’s salt required per 
mole of dichromate is: [LLT. 2007] 

(a) 3 □ (b) 4 □ 

(c) 5 □ (d) ’6 □ 

In an oxidation-reduction reaction, the dichromate ion 
(Ct20j ) is reduced to Cr ion. The equivalent weight of 


K 2 Cr 207 in this reaction is: 

. , Mol. wt. r- 

(a) —^ C 


[E.A.M.C,EX (Med.) 2007] 
Mol, wt j-. 

6 ^ 


Mol. wt. 


□ (d) Mol. wt. 
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87. For the reaction, 

Na 2 C 03 + 2HC1-> 2NaCl + H 2 O + CO 2 

The equivalent weight of Na 2 C 03 is: [A*M«U. (Engg.) 2007] 
(a) M/2 □ (b) M □ 

(c) 2 M □ (d) M/4 □ 

88 . For the reaction between KMn 04 and H 2 O 2 , the number 
of electrons transferred per mole of H 2 O 2 are: 

[D RMX 2007] 

(a) one □ (b) two □ 

(c) three □ (d) four □ 

89. The equivalent mass of phosphoric acid (H 3 K) 4 ) in the 
reaction, 

NaOH + H 3 PO 4 -> NaH 2 P 04 + H 2 O is: [B.H.U. 2005] 

(a) 59 □ (b) 49 □ 

(c) 25 □ (d) 98 □ 

90. The molality of IL solution of 93% H 2 SO 4 (w/F) having 

density I784"g^ [B*V. (PuneY 2006] 


(c) 10.43 m ■ □ (d) none of these 

[Hint : Mass of IL solution = 1000 x 1.84 = 1840 g 
Mass of solvent = (1840 - 930) = 910 g 


=a= 

□ 


Molality 


930 000 

■ 98 910 ■ 


10.43 ] 


91. 


Amount of oxalic acid present in solution can be determined 
by its titration with KMn 04 solution in the presence of 
H 2 SO 4 . The titration gives unsatisfactory result when carried 
out in the presence of HCl, because HCl: [AJ.E.E.E*2008] 

(a) oxidises oxalic acid to CO 2 and H 2 O □ 

(b) gets oxidised by oxalic acid to chlorine □ 

(c) furnishes ions in addition to those from oxalic acid 

□ 
□ 


2+ 


(d) reduces permanganate to Mn 
[Hint : 2MnO^ + 16 H^ + 5 C 2 O 4 " 2Mn^+ + IOCO 2 + 8H2O 


92. 


2MnOi + lOHCl + 6 H^ -> 2Mn^'^ + SClj + 8 H 2 O] 

MnOJ ions are reduced in acidic condition to Mn^'*' ions 
whereas they are reduced in neutral condition to Mn 02 . The 
oxidation of 25 mL of a solution X containing Fe^''^ ions 
required in acidic solution 20 mL of a solution Y containing 
Mn 04 ions. What volume of solution Y would be required 
to oxidise 25 mL of solution X containing Fe^^ ions in neutral 
condition? [P.E.T. (Kerala) 2008] 

(a) 11.4mL □ (b) 12.0mL □ 

(c) 33.3mL □ (d) 35.0mL □ 

[Hint; |x20 = ^=33.3] 

93. In an oxidation-reduction reaction, MnOJ ion is converted 
into Mn^"^. What is the number of equivalents of KMn 04 


(mol. mass = 158) present in 250 mL of 0.04 M KMn 04 

solution? [C.EM.T. 2008] 

(a) 0.02 □ (b) 0.05 □ 

(c) 0.04 □ (d) 0.07 □ 

r„.' MoLmass 

[Hint X Eq. mass of KMn 04 = -^- 

Normality = 5 x Molarity 

0.04 M KMn 04 soln, = 0.2 N KMn 04 soln. 

No. of equivalents of KMn 04 in 250 mL solution 

r:^ = 0.05] 

94. The volumes of two HCl solutions A(0.5 N) and B(QA N) to 
be mixed for preparing 2L of 0.2 N HCl solution are: 

[EAM.C.EX (Med.) 2008] 
(a) 0.5LofA + L5Lof^ □ 

(jb) L5LofA + 0.5Lof^ □ 

(c) ILofA+lLofB ^ ^ 

..(d) 0.75 LofATL25 Lof B ’ ” □ 


-[WntTx x o.5"+iT^*ir(rr^2”ira:^^^ 

95. Excess of CO 2 is p^sed through 50 mL of 0.5M calcium 
hydroxide solution. After the completion of the reaction, the 
solution w^ evaporated to dryness. The solid calcium 
carbonate was completely neutralised with 0. liV hydrochloric 
acid. The volume of hydrochloric acid required is : 

[C.EX (Karnataka) 2009] 
(a) 200mL □ (b) MOmL □ 

(c) 400mL □ (d) 300mL 

[Hint : 50 mL 0.5 M Ca(OH )2 = 50 mL 0,5 M CaCOs 

= 50mL l.OA/CaCOs 
sSOOmLO.l iVCaCOa 
s 500 mL 0.1 TV HCl] 

96. When a strong acid is titrated using a weak b^e, the pH at 

the equivalence point is : [J.E.E. (Orissa) 2009] 

(a) 7 □ (b) > 7 □ 

(c)<7 □ (d)-7 □ 

97. A solution containing Na 2 C 03 and NaOH requires 300 mL of 

0,1 N HCl using phenolphthalein as an indicator. Methyl 
orange is then added to above titrate solution when a 
further 25 mL of 0.2 N HCl is required. The amount of NaOH 
present in the original solution is : [J.E.E, (Orissa) 2009]^ 

(a)0,5g □ (b)lg □ 

(c) 2 g □ (d) 4 g □ 

[Hint : 25 mL 0.2 iV HCl - 50 mL 0.1 iV HCL This is the acid 

required to neutralise 1/2 of Na 2 C 03 present in solution. 
Thus, the acid used for the neutralisation of NaOH in the 
solution 

= (300 - 50) mL 0.1 N HCl solution 

40 250 

H 250 mL 0.1 MNaOH solution Ig] 
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(a) 

2. 

(b) 

3. 

(C) 

4. 

(ci) 

5. 

(b) 

6. 

(a) 

7. 

(d) 

8. 

(c) 

9. 

(c) 

10. 

(d) 

11. 

(a) 

12 . 

(a) 

13, 

(cl) 

14. 

(c) 

15. 

(b) 

16. 

(a) 

17. 

(d) 

18. 

(c) 

19. 

(a) 

20. 

(b) 

21. 
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(a) 
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(a) 
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(c) 
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W) 
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55. 
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(c) 
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(b) 

87. 

(a) 

88, 

(c) 

89. 

(d) 

90. 

(c) 
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(ci) 

92. 

(c) 

93. 

(b) 

94. 

(a) 

95. 

(b) 

96. 

(c) 

97, 

(b) 
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Objective Questions for IIT ASPIRANTS 


1. The value of n in the following equation is : 

Cr 207 ‘ + I4H'" + ne‘-> 2Cr'’'^ + 7 H 2 O 

(a) 2 (b) 3 

(c) 4 (d) 6 

2. The number of moles of acidified KMn 04 required to oxidise 
one mole of ferrous oxalate, FeC 204 is : 

(a) 5 (b) 3 

(c) 0.6 (d) 1.5 


What is the normality of 0.3 M H 3 PO 4 , when it undergoes 
the reaction as: 


+7 +2 +3 -2 

I Hint : KMn 04 +FeC 204 - 


Mn^’^ + Fe^++2C02 


-—- 5 - mole-Fee2f^^“3“Tnole“I^M n 04 ” 

-- - 

A solution contains Na 2 C 03 and NaHC 03 . 10 mL of the 
solution required 2.5 mL of 0.1 M H 2 SO 4 for neutralization 
using phenolphthalein as indicator. Methyl orange is then 
added when a further 2.5 mL of 0.2 M H 2 SO 4 was required. 
Then amounts of Na 2 G 03 -and NaHGQ 3 in 1 litre of the 
solution are : 

(a) 5.3 g and 4.2 g (b) 3.3 g and 6.2 g 

(c) 4.2 g and 5.3 g (d) 6.2 g and 3.3 g 

V\ mL of NaOH of normality x and V 2 mL of Ba(OH )2 of 
normality y are together sufficient to neutralize exactly, 100 
mLofO.l yVHGl. If V, 1 ^ 2 =^ : 4 and if jc: y =: 4 : 1, what 
fraction of the acid is neutralised by Ba(OH )2 ? 

(a) 0.5 (b) 0.33 

(c) 0.67 (d) 0.25 

A 0.518 g sample of limestone is dissolved in HGl and then 
the calcium is precipitated as GaG 204 . After filtering and 
washing the precipitate, it requires 40 mL of 0.25 N KMn 04 
solution acidified with H 2 SO 4 to titrate it as, 

MnOJ + H^ + C 2 OI--> CO 2 + + H 2 O 

The percentage of GaO in the sample is : 

(a) 54% (b) 27.1% 

(c) 42% (d) 84% 

[Hint ; Number of milliequivalents of CaC 204 , KMn 04 and CaO 
will be same, 

40 x 0.25 =^^x1000 

W = 0.28 g (Mass of CaO) 

% CaO = X100 = 54% ] 

When 40 mL of 0.1 )V HCI and 20 mL of 0.1 A/ H 2 SO 4 are 
mixed together, the normality of mixture will be : 


40 X 0.25 = 




vw 2- 

[Hint : 


(b)^^ 


NiVi + N2V2 = + V2) 

0.1 X 40 + 0.2 x 20 = Nr (60) 

_ A-ll 
^^"60 15^ 


H 3 PO 4 + 20H“ 


(a) 0.3 A 
(c) 0.60 yv 


HPO 3 + 2 H 2 O ? 

(b) o.i 5 yv 

(d) 0.90 yv 


In the mixture of (NaHG 03 + Na 2 G 03 ), volume of HQ 
required is x mL with phenolphthalein indicator and y mL with 
methyl orange indicator in same titration. Hence, volume of 
HGl for complete reaction of Na 2 G 03 is : 

(a) 2x (b) y 

(c) x/2 (d) (y - x) 

I Hint : In presence of phenolphthalein, 50% Na 2 C 03 is neutra- 
li.sed whereas NaHC 03 remains unaffected. In presence oQ 
Thelbyl orange, both Na 2 C 03 and NaHC 03 will be 100 % 
~~ ^neatralfsed; ~ ~ ~ 

Let volume of HCI for complete reaction of Na 2 C 03 

= Vi mL 

Volume of HCI for complete reaction of NaHC 03 

= Vj mL 

With phenolphthalein, 50% Na 2 C 03 will be neutralised 
Y = ^ , V^i = 2x I 

40 mL of 0.05 M Na 2 C 03 NaHC 03 - 2 H 20 (sesquicarbonate) is 
titrated against 0.05 M HCI. x mL of HCI is used when 
phenolphthalein is the indicator and y mL HCI is used when 
methyl orange is the indicator in two separate titrations, hence 
(y-x) is : 

(a) 80 mL (b) 30 mL 

(c) 120mL (d) none of these 

Equivalent mass of H 3 PO 2 when it diproportionates into PH 3 
and H 3 PO 3 is (molecular mass = M) : 

(a) M (b) M/2 

(c) i^/4 (d) 3M/4 


+i 

H 3 PO 2 - 


+3 

► H 3 PO 3 


E 

^mass ~ 2 


(change in oxidation no. = 2 ) 

+1 -3 44 

H 3 PO 2 ->PH 3 £muss=^ 

(change, in oxidation no. = 4) 

The equivalent mass of H 3 PO 2 in the process of dispro- 

M M 3M , 
portionation = \ 


11 . The reagent commonly used to determine hardness of water 
titrimetrically is: 

(a) oxalic acid (b) disodium salt of EDTA 

(c) sodium citrate (d) sodium thiosulphate 

12 . The equivalent mass of sodium thiosulphate (Na 2 S 203 * 5 H 20 ) 
in the reaction, 

2 Na 2 S 203 + I 2 -^ 2NaI + Na 2 S 405 is: 

(a) 248 (b) 124 

(c) 596 (d) 62 

13 . If 100 mL of the acid is neutralised by 100 mL of4M NaOH, 
the purity of cone. HCI (Sp. gravity = 1.2) is : 

(a) 12 % (b) 98% 

(c) 73% (d) 43% 
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14 . 2 moles of FeS 04 are oxidised by x moles of KMn 04 in acid 
medium into ferric sulphate, 3 moles of ferric oxalate are 
oxidised by y moles of K 2 Cr 207 in acid medium. The value 
of (x/y) is : 

(a) 6/5 (b) 2/15 

(c) 18/5 (d) 3/5 

15 . What volume of 0.05 M Cr 207 “ in acid medium is needed for 
complete oxidation of 200 mL of 0.6 M FeC 204 solution ? 

(a) 0.6 L (b) 1.2L 

(c) 2.4L (d) 3.6L 

16 . KMn 04 reacts with oxalic acid according to the reaction : 

2 KMn 04 + 5C204“ + 16H'^-> 2Mn^'^ + IOCO 2 + SHjO 

Then, 20 mL of 0.1 M KMn 04 is equivalent to : 

(a) 30 mLof0.5AfC2H2O4 (oxalic acid) 

(b) 50 mL of 0.1 Af C 2 H 2 O 4 (oxalic acid) 

(c) 20 mL of 0.5 Af C 2 l^ 04 _(oxalic acid) 

(d) 10 mL of 0.1 Af C 7 H 9,04 (oxalic acid) _ 


[Hint: ^^(KMn04) = ^^^(H2C204) 

0 .1 x20 ^M2V2 
2 5 

M 2 V 2 = 5 {It is possible in case of (b)}] 

17 . Potassium permanganate is titrated against ferrous ammonium 
sulphate in acidic medium, the equivalent mass of potassium 
permanganate is : 


(a) 

molecular mass 

(b) 

molecular mass 

3 

5 

(c) 

molecular mass 

(d) 

molecular mass 

2 

10 


[Hint : The ionic reaction involved in titration is : 

MnOi + + SH-"-> Mn^-" + 4H2O + 

Since, a molecule of KMn 04 accepts 5 electrons in acid 

f molecular mass^ 

medium, its equivalent mass will be I | I.] 

18. Number of moles of K 2 Cr 207 that can be reduced by 1 mole 
of Sn^'*' ion, is : 

(a) 1/3 (b) 3/2 

(c) 5/6 (d) 6/5 

[Hint : The redox reaction is : 

Cr207- + U¥t + 3Sn^^ -> 2 Cr^'" + 7H2O + 

.'. 1 mole of Sn^'*' will reduce 1/3 mole of K 2 Cr 207 .] 

. 19. Potassium permanganate acts as an oxidising agent in acidic, 
alkaline as well as neutral media. Which among the following 
• statements is incorrect ? 

(a) N = M/5 (in acid medium) 

(b) N = M/3 (in alkahne medium) 

(c) N = M/3 (in neutral medium) 

(d) N-M (in alkaline medium) 

20. The number of equivalents of Na 2 S 203 required for the 
volumetric estimation of one equivalent of Cu is : 

(a) 1/3 (b) 1 

(c) 3/2 (d) 2/3 

[Hint ; Number of equivalents of reacting species in a chemical 
reaction are same.] 


21 . 


22 . 


The equivalent mass of MnS 04 becomes half of its molecular 
mass when it is converted into : 

(a) MnOJ (b) Mn02 or Mn 304 

(c) MnO|" (d) Mn 204 " 

(+2) (U) 

[Hint ; When MnS 04 is converted to Mn02» die oxidation 


number changes by 2, thus 
Equivalent mass of MnS 04 = 


molecular mass 



A solution of 10 mL of M/10 FeS 04 was titrated with KMn 04 
solution in acidic medium, the amount of KMn 04 used will 


be : 

(a) 10mLof0.5M (b) lOmLofO.lM 

(c) 10 mL of 0.02 M (d) 5 mL of 0.1 M 

[Hint ; The involved reaction is : 

2KMn04 + 8H2SO4 + 10FeSO4-> 5 Fe 2 (S 04)3 

+ 2MnS04 + K2SO4 + 8H2O 

Hi^(KMn0.i~) = ^^^^ (FeS 04) _ 

“"2 

- -- 

2 10 


Ml Pi = 0.2 {Which is possible in (c))] 


23 . Among the following reactions, used in titrations select the 
reaction(s) in which the chlorine is oxidised : 

.1 . Mn 02 + 4HC1.-^ MnCl 2 .± CI 2 .+ . 2 HxQ_. . __ 

2 . H 2 + CI 2 ->2HC1 

3. CaOCl 2 + H 2 SO 4 -> CaS 04 + H 2 O + CI 2 

4. NaCl + H 2 SO 4 -> NaHS 04 + HGl 

(a) Reaction 2, 3,4 (b) Reaction 1 only 

(c) Reaction 1 and 3 (d) Reaction 4 only 

(e) Reaction 2 and 4 only 

24. Oxalic acid dihydrate, H 2 C 204 - 2 H 20 ( 5 ) is often used as a 
primary reagent to standardise sodium hydroxide solution. 
Which of these facts are reasons to choose this substance 
as a primary standard ? 

I. It is diprotic, 

n. It is a stable compound that can be weighed directly in 
air. 

in. It is available in pure form. 

(a) m only (b) I and 11 only 

(c) n and III only (d) 1,11 and III - 

25 . A 20 mL sample of a Ba(OH )2 solution is titrated with 

0,245 M HCl. If 27.15 mL of HCl is required, what is the 
molarity of the Ba(OH )2 solution ? 

(a) 0.166M (b) 0.180M 

(c) 0.333 M (d) 0.666 M 

26. A solution of which substance can best be used as both 
titrant and its own indicator in an oxidation-reduction 
titration ? 

(a) I 2 ^ (b) NaOa 

(c) K 2 Cr 207 (d) KMn 04 

27 . A 0.2 g sample of benzoic acid, C 6 H 5 COOH is titrated with a 
0.120 M Ba(OH )2 solution. What volume of the Ba(OH )2 
solution is required to reach the equivalence point ? 
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Substance Molar mass 

CfiHsCOOH 122,1 gmor' 

(a) 6.82 mL (b) 13.6mL 

(c) 17.6mL (d) 35.2mL 

28 . What mass of magnesium hydroxide is required to neutralise 
125 mL of 0.136 MHCl solution ? 


Substance 
Mg(OH)2 
(a) 0.248 g 
(c) 0.992 g 




Molar mass 

58.33 g moF* 

(b) 0.496 g 
(d) 1.98 g 


29 . In alkaline medium KMn 04 reacts as follows, 

2KMn04 + 2KOH-> 2K2Mn04 + H 2 O + [O] 

Hence, its equivalent mass is : 

(a) 31.6 (b) 632 

(c) 126.4 (d) 158 

30 . When 20 mLofM/lONaOH are added to lOmLof M/lOHCl, 
the resulting solution will: 

(a) turn blue litmus red 

(b) turn phenolphthalein solution pink 

(c) turn methyl orange red 

(d) will have no effect on either red or blue litmus 


1 . (d) 

2. (c) 

3. (a) 

4. (a) 

5. (a) 

6.(b) 

13. (a) 

14. (b) 

15. (b) 

16. (b) 

17. (b) 

18. (a) 

25. (a) 

26. (d) 

' 27 . (a) '” 

28. (b) 

29. (d) 

30. (b) 


8. (a) 

20 . (b) 


9. (a) 

21 . (b) 


11. (b) 12. (a) 

23. (c) 24. (c) 


Matrix Matching Questions for I IT Aspirants 



1. Match ColuraB“I with Column-II: 
Coliunn-I 
(Acid) 


Column'll 

(Information) 


(a) CH 3 COOH 

(b) H 3 PO 4 

(c) H 2 SO 4 

(d) H 3 PO 3 




1 . (a~s) 

2 . (a-r) 


. . ^ . 1 E mass , 

(p) Tnbasic E =-^- 

(q) Dibasic reducing 

(r) Dibasic = 

(s) Monobasic (E - MoL mass) 


Mol. mass 
2 


2, Match Column-I with Column-ll: 
Column-I 
(Reaction) 


(a) NH 3 -> NO 3 

(b) Fe 2 S 3 —^ FeS' 


FeS04 + SO2 


(c) CaC 03 + 2HC1-^ 

CaCl 2 + H2O + CO2 

(d) CuS-> CUSO 4 


Coiumn-n 

(Equivalent mass 
of reactant) 

^ ^ Mol. mass 

20 

. . MoL mass 

(q) ^- 

,, MoL mass 


(c-r) (d-q, r) 

(c-q, s) (d-r) 


Assertion-Reason Type Questions 


The questions given below consist of an Assertion (A) and 
Reason (R). Use the following keys to choose the appropriate 
answer: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A)* 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A) Equivalent mass of H 3 PO 2 is equal to its molecular mass. 
(R) H3PO2 is a monobasic acid. 

2, (A) When Na 2 C 03 is titrated against HCl in presence of 

phenolphthalein indicator, it is converted into NaCl 


(R) Phenolphthalein shows colour change in the pH range 
of 3.5 to 4.6. 

3. (A) 1 mole of H 2 SO 4 is neutralised by 2 moles of NaOH. 

However, 1 equivalent mass of H 2 SO 4 is neutralised by 
1 equivalent of NaOH. 

(R) Equivalent mass of H 2 SO 4 is half of its molecular mass 
and the equivalent mass of NaOH is equal to its 
molecular mass. 

4. (A) Equivalent mass of KMn 04 is equal to one-fifth of its 

molecular mass when it acts as an oxidising agent in 
acidic medium. 

(R) Oxidation number of Mn in KMn 04 is+7. 
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5. (A) In the reaction, 2 S 2 O 3 " + I 2 -> S 4 O 6 ” + 21", I 2 is 

oxidised. 

(R) During oxidation, loss of electron or electrons occur. 

6 . (A) 5 M NaOH solution is diluted 10 times, its molarity 

becomes 50. 



1. (a) 2. (c) 3. (b) 4. (b) 5. (d) . 6. (d) 
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(R) On dilution, molarity of the solution decreases. 

7. (A) lodimetric titrations are redox titrations. 

' (R) The iodine solution acts as an oxidising agent. 

8 . (A) H 3 BO 3 is a monobasic acid. 

(R) H 3 BO 3 has one ionisable hydrogen atom. 


7. (a) 8. (c) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 






Pyrolusite, Mn 02 , is the main ore from which manganese is 
produced Themianganese-contentof4he“ore^may^be“deterrnmed: 


Indicator 

U 

V 


Colour change over pH range 
YeUow to blue (pH 0.0 to 1.6) 
__(pH-2.a-tO-4T)- 


W 


_JRe(Lta4^ellow_ 
Red to yellow 


_(pILA^_tCLj5^8)_ 


X 

Y 


Yellow to blue 
Colourless to red 


(pH 6 to 7.7) 
(pH 8.2 to 10) 


2 _ 

oxalate ion, C 2 O 4 , the oxalate ion being oxidised to carbon dioxide 
during the reaction. The analytical determination is carried out by 
adding a known excess volume of oxalate solution to a suspension 
of the pyrolusite and digesting the mixture on a hot waterbath 
until all the Mn 02 has been reduced. The excess, unreacted oxalate 
solution is then titrated with standardized potassium permanga¬ 
nate, KMn 04 solution after which the manganese content of the 
ore can be calculated. 

A student prepared a standard solution of sodium oxalate by 
weighing 3.2 g of the dry anhydrous salt, dissolving it in distilled 
water and making the solution upto 500 mL. 25 mL of the oxalate 
solution required 24.76 mL of KMn 04 solution. 

1. What is the equivalent mass of Mn 02 in the present 
titration? 

(a) M.n^asg/l (b) ass /2 

(c) M.mass/3 (d) 2M.n;^ass/3 

2 _ 

2 . How many moles of C 2 O 4 ions will be oxidised by 1 mole 
Mn 04 ? 

(a) 1/2 (b) 3/2 

(c) 5/2 (d) 7/2 

3. Molarity of the sodium oxalate solution is. 

(a) 0.04776 (b) 0.07446 

^ (c) 0.06447 (d) 0.07644 

4. What is the molarity of KMn 04 solution ? 

(a) 0.04776 (b) 0.01929 

(c) 0.038 (d) 0.028 

5. Role of KMn 04 in the given titration can be described as : 

(a) oxidising agent 

(b) reducing agent 

(c) indicator 

(d) oxidising agent and indicator 

THOUGHT 2 _ _ ^ 

For a series of indicators, the following colours and pH range 
over which colour change takes place are as follows : 


Choose the correct option: 

1. Indicator V could be used to find the equivalence point for 

0.1 M acetic acid and 0.1 M ammonium hydroxide solution, 
(a) True (b) False 

2. Indicator Y could be used to distinguish between the solu¬ 
tions of ammonium chloride and sodium acetate. 

(a) True (b) False 

3. Indicator X could be used to distinguish between the 

solutions of ammonium chloride and sodium acetate. 

(a) True (b) False 

4. Indicator W would be suitable for use in the determination 
of the concentration of acetic acid in white vineger by base 
titration. 

(a) True (b) False 

5. Indicator U could be used to distinguish between 0.1 M and 
0.01 M solution of sulphuric acid. 

(a) True (b) False 

THOUGHT 3 

Chemists work with standardized solution, a solution whose 
concentration is knojvn. The requirements to standardize the 
solution are : 

1 . the volume of the solution 

2 . the number of moles of solute in that volume 

A primary standard solution is used in determining the molarity 
of a solution. To find the molarity of HCl, 0.317 g of Na 2 C 03 , the 
primary standard dissolved in water is used in titrating the solution 
of HCl. 22.9 mL of acid are required to neutraUse the sodium 
carbonate. This is the needed volume (first requirement). The 
stoichiometric equation is used to know the second requirement. 
2HCl(a(?.) + Na 2 C 03 (a<?.)-> 2NaCl + HjO + CO 2 T 

1. What is the molarity of HCl in the above case ? 

(a) 0.261 M (b) 0.522 M 

(c)O.m (d) IM 

2. Equivalent mass of Na 2 C 03 in the above equation will be : 

(a) 106 (b) 53 

(c) 26.5 (d) 13.25 
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3 * The suitable indicator in the above titration will be : 

(a) phenolphthalein (b) methyl orange 

(c) litmus (d) bromqthymol blue 

4. Solution of Na 2 C 03 in water will be : 

(a) acidic (b) neutral 

(c) basic (d) it can not be predicted 

5* What fraction of Na 2 C 03 will be neutralized by HCl in 
presence of phenolphthalein indicator ? 

(a) 1/3 (b) 2/3 

(c) m (d) 1/4 

THOUGHT 4 

0.5 g bleaching powder was suspended in water and excess KI 
is added. On acidifying with (hi, H 2 SO 4,12 was liberated which 
required 50 mL of MIO hypo(Na 2 S 203 - 5 H 20 ) in presence of 

starch. The reactions involved are : 

^ — - 

- 


m. 2 Na 2 S 203 + I 2 ->Na 2 S 406 + 2NaI 

1. In the reaction (I), which one is reduced ? 

(a) CaOa 2 (b) H 2 SO 4 

(c) Both (d) None 

2. In the given titration, starch acts as : 

(a) oxidising agent (b) indicator 

(c) reducing agent (d) catalyst 

3. In reaction (II), CI 2 acts as : 

(a) reducing agent 

(b) oxidising agent 

(c) indicator 

(d) both oxidising agent and indicator 

4* Percentage of available chlorine in bleaching powder is : 

(a) 35.5% (b) 71% 

(c) 17.25% (d) 50% 

5. Starch forms iodo-starch complex in the given titration. The 
colour of the complex will be : 

gn^ (b) blu^ 





Thought 1 

l.(b) 

2 .(c) 

3. (a) 

4.(b 

Thought 2 

1 . (b) 

2 . (b) 

3. (a) 

4. (b 

Thought 3 

l.(a) 

2 .(b) 

3.(b) 

4. (c' 

Thought 4 

l.(d) 

2 .(b) 

3.(b) 

4. (a: 



5v(c) 
5. (b) 



The anmer to each of the following questions is a single 
digit integer, ranging from 0 to % 

1. An aqueous solution of 0.63 g oxalic acid dihydrate is made 
up to 250 mL. The volume of 0.1 N NaOH required to 
completely neutralise 10 mL of this solution is : 

2. In the standardisation of Na 2 S 203 using K 2 Cr 207 by 
iodometry, the equivalent mass of K 2 Cr 207 is M/x, What is 
the v^ue of jc if M is the molecular mass of K 2 Cr 207 ? 

3. A sample of Mn 02 having percentage purity 13.05 is treated 
with HCl, liberating chlorine which is passed into KI solution. 


I 


1. (4) Eq. mass of oxalic acid dihydrate = = 63 

Normality of solution = ^ j .. = o.04 N 

10 X 0.04 - V X 0.1 V = 4 mL 

+6 +3 

2. (6) K2Cr207+6KI + 7H2S04—^4K2S04+€12(804)3 

+7H2O + 3I2 

Change in oxidation state of Cr per molecule = 12 - 6 = 6 
Thus, Eq. mass 6f K 2 Cr 207 - M/6 
i,e., x = 6 

3. (1) 30 mL 0.1 M Na 2 S 203 = 30 mL 0.1 N Na 2 hOs - 30 mL 0.1 

iV I 2 H 30 mL 0.1 N CI 2 - 30 mL OJ N Mn02 


30 mL of 0.1 M Na 2 S 203 are required to titrate the liberated 
iodine. What was the mass of Mn 02 sample taken? 

4, A solution is formed by dOuting 250 mL 4 N H 2 SO 4 with 
750 mL of water. The normality of the diluted solution is : 

5* 100 mL solution consists 8 g of NaOH. The normality of the 
solution is : 

6 . If 300 mL of 3 N Ij[Cl is mixed with 300 mL of 6 A H 2 SO 4 , 
The final normality of the H 2 SO 4 in the resultant solution is“:“ 


Amount of Mn02 = — x —-- = 0.1305 g 
2 1000 * 
100 

Mass of sample =-x 0.1305 = 1 

13.05 

4. (1) Total volume of diluted solution = 1000 mL 


250x4 , 

Normality --= 1 

1000 

5 . (2) NoraiaHty =—x^^ = 2 

40 100 

6, (3) Total volume becomes = 600 mL 


Normality 


300x6 . 

600 


= 3N 
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18^ INTRODUCTION 


Qualitative inorganic analysis deals with the identification of radicals (cations and 
anions) in an inorganic salt or in a mixture of salts, A salt consists of two parts 
known as radicals. The positively charged part of a salt (cation) which has been 
derived from a base is termed basic radical and the negatively charged part of the 
salt (anion) which has been derived from an acid is termed acidic radical. For 
example, the salt copper sulphate is obtained by the action of a base (copper 
hydroxide) and an acid (sulphuric acid). Thus, it has copper ion (Cu^'*’) as a basic 
radical and sulphate ion (SO 4 ) as the acidic radical. 


Cu(OH )2 + H 2 SO 4 -^ CUSO 4 + H 2 O 

Base Acid Salt 



Basic radical Acidic radical 


A mixture may have two or more salts; thus qualitative inorganic analysis consists in identifying the presence of various cations 
and anions in it. 


1W IDENTIFICATION OF ACIDIC RADICALS 


Most of these salts are acted upon by dilute H 2 SO 4 or dilute HCl and concentrated H 2 SO 4 . In each case, a gas is liberated which 
is characteristic of the particular acidic radical. There are some acidic radicals which are not decomposed either by dilute H 2 SO 4 
or concentrated H 2 SO 4 . Hence, for the identification of the acidic radicals, the following scheme is followed: 

Group I : This group consists of radicals which are detected by dilute H 2 SO 4 or dilute HCl. These are (i) carbonate, 

(ii) sulphite, (iii) sulphide, (iv) nitrite and (v) acetate. 

Group n : This group consists of radicals which are detected by concentrated H 2 SO 4 . These are (i) chloride, (ii) bromide, 

(iii) iodide, (iv) nitrate and (v) oxalale. 

Group in : The radicals which do not give any characteristic gas with dilute and concentrated H 2 SO 4 . These are 
(i) Sulphate, (ii) phosphate, (iii) borate and (iv) fluoride. 
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GROUP I 

Take 0.2 g of the substance in a test tube and add 2 mL of 
dilute HCl or dilute H 2 SO 4 . Observe the reaction in cold, warm 
gently the contents and infer as follows: 

S.No. Observation Inference Confirmatory tests 

1. Brisk effervescence Pass the gas in a test tube 

in cold with evolution (Carbonate) containing small quantity 

of colourless and odo- of lime water. It turns 

urless gas. milky. 

2. A colourless gas with SO 3 " Moisten a piece of filter 

suffocating odour (Sulphite) paper with acidified 

having smell of potassium dichromate and 

burning sulphur. put it on the mouth of the 

test tube. It turns green. 

3. A colourless g^ with ^ Moisfefra“*plece“oT:&lter 

^ =^elTbfros^^ggs= -=(SQlphide)= :papet.-wrth—lead—aeetate^zn 

solution and place it on 
the mouth of the test 
tube. It turns black. 

4. A light brown gas. NO 2 (a) Pass the evolved gas 

(Nitrite) through ferrous 

Mphate solution. It 
turns brown. 

(b) Mix the given salt or 
mixture with a little of 
KI and add dilute 
H 2 SO 4 . Evolution of 
violet vapours. 

(c) Place the piece of 
filter paper on the 
mouth of test tube 
moistened with solu¬ 
tions of starch, pota¬ 
ssium iodide and ace¬ 
tic acid. It turns blue. 

5. Colourless vapours CH 3 COO” (a) To the aqueous solu- 

with smell of vinegar. (Acetate) tion of substance add 

neutral FeCl 3 solution 
—> blood red colour. 

(b) Rub the moistened 
salt or mixture with 
dry oxalic acid —> 
smell of vinegar. 

^ Reactions with explanations 

(i) Carbonate : Tbe carbonates are decomposed with 
dilute HCl or dilute H 2 SO 4 with tbe evolution of carbon dioxide 
gas. When this gas is passed tbrougb lime water, tbe bme 
water turns milky with tbe formation of calcium carbonate. 

Na2C03 + H2SO4-> Na2S04 + H2O + CO2 

Ca(OH )2 + CO 2 -> CaCOs + H 2 O 

Lime water White ppt. 

However, if tbe CO 2 gas is passed in excess, tbe milky 
solution becomes colourless due to tbe formation of soluble 
calcium bicarbonate. 


8 "^ 

CaC 03 + H 2 O + CO 2 -> Ca(HC 03)2 

White ppt. Soluble 

Note : (a) Carbonates of bismuth and barium are not easily 
decomposed by dilute H 2 SO 4 . Dilute HCl should be used. 

(b) Sulphur dioxide evolved from sulphites also turns lime 
water milky. In the test of carbonates, the evolved gas must 
be colourless and odourless (SO 2 is a pungent gas). 

Ca(OH )2 + SO 2 —^ CaS 03 -h H 2 O 

White ppt. 

(c) PbC 03 reacts with HCl or H 2 SO 4 to give, in the initial 
stage, some effervescence but the reaction slows down due 
to formation of a protective insoluble layer of PbCl 2 or 
PbS 04 on the surface of remaining salt or mixture. 

(ii) Sulphite : A sulphite with dilute H 2 SO 4 gives out 

sulphur dioxide gas which possesses suffocating smell of 
burnin g sulp hur. When acidified potassium dichromate paper 
is exposed to the g as it attains green colour due to the formation, 
of chromic sulphate. = 

Na2S03 + H2SO4-> Na2S04 -1 H2O + SO2 

^ 2 ^ 12^7 H2SO4 + 3SO2-^ K2SO4 + Cr2(S04)3 + H2O 

(iii) Sulphide : Dilute H 2 SO 4 decomposes a sulphide salt 
to form H 2 S gas which smells like rotten eggs. 

Na 2 S + H 2 SO 4 -> Na 2 S 04 + H 2 S 

On exposure to this gas, the lead acetate paper turns black 
due to the formation of lead sulphide. 

Pb(CH 3 COO )2 + H 2 S —^ PbS + 2 CH 3 COOH 

Black ppt. 

Note : Sulphides .of lead, cadmium, nickel, cobalt, antimony and 
stannic are not decomposed with dilute H 2 SO 4 . Cone. HCl 
should be used for their test. In such cases, however, brisk 
evolution of H 2 S takes place even by use of dilute H 2 SO 4 if a 
pinch of zinc dust is added. 

Zn + H 2 SO 4 -^ ZnS 04 + 2H 

HgS + 2H- >Hg-hH 2 S 

(iv) Nitrite : When a nitrite is treated with dilute H 2 SO 4 , 

it yields a colourless nitric oxide gas which in contact with 
oxygen of the air becomes brown due to the formation of 
nitrogen dioxide. - 

2 NaN 02 + H 2 SO 4 -> Na 2 S 04 + 2 HNO 2 

Nitrous acid 

3 HNO 2 -> H 2 O + 2NO + HNO 3 

2NO + O 2 -> 2 NO 2 

Brown coloured gas 

(a) On passing the gas in dilute FeS 04 solution, brown 
coloured complex salt is formed. 

FeS04*7H20 + NO-> [Fe(H20)5N0] S04 + 2 H 2 O 

Brown coloured 

(b) When a mixture of iodide and nitrite is acted upon by 
dilute H 2 SO 4 , the iodide is decomposed giving violet vapours 
of iodine. 

2NaN02 + H2SO4-> Na2S04 + 2HNO2 

2KI + H 2 SO 4 -> K 2 SO 4 + 2HI 

2 HNO 2 + 2HI-> 2 H 2 O + I 2 + 2NO 

Violet vapours 
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(c) Starch-iodide paper is turned blue due to the liberation 
of iodine from iodide by nitrous acid which gives blue colour 
with starch. 

2NaN02 + H2SO4-> Na 2 S 04 + 2 HNO 2 

2KI + 2 CH 3 COOH 4 - 2 HNO 2 -> 2 CH 3 COOK 4 - 2NO 

4 - 2 H 2 O 4- I 2 

I 2 4- Starch-> Blue colour 

(v) Acetate : Acetates when heated with dilute H 2 SO 4 
decompose to give acetic acid vapours which possess charac¬ 
teristic smell of vinegar. 

2 CH 3 COONa 4 - H 2 SO 4 -> 2 CH 3 COOH 4 - Na 2 S 04 

(a) All acetates are soluble in water. On addition of neutral 
FeCl 3 solution to the solution of an acetate, blood red colouration 
develops due to the formation of ferric acetate. 

EeCl3 4- 3CH3COONa(CH3CO&)3Fe^^^+^^ 

^k>Qd-Fed-cQlQu r — 

Note : (i) The ferric chloride solution supplied in the laboratory is 
always acidic containing HCl. It is made neutral by the 
addition of dilute solution of NH 4 OH drop by drop with 


constant stirring till the precipitate formed does not 
dissolve. At this stage filter the solution. The filtrate is 
called neutral ferric chloride solution, 

(ii) Before testing acetate in the aqueous solution of a salt or 
a mixture, it must be made sure that the solution does not 
contain the following ions which also combine with Fe^^ 
ions. 

(i) co^, (ii) so|- (iii) poi“ (iv) r 

These ions can be removed by addition of AgN 03 solution 
and only after the removal of these ions, the test of acetate 
should be performed by neutral ferric chloride solution. 

(b) Acetates are also decomposed with oxalic acid and give 
off acetic acid. 

2 CH 3 COONa 4 - H 2 C 2 O 4 -> Na 2 C 204 4 - 2 CH 3 COOH 


GROUP II 

Take {);2 g of the sub^t^ce"^d add”2"mL”orcbhcent^^^ 



as follows: 

Note : With concentrated H 2 SO 4 , carbonates, sulphites, sulphides, nitrites 


and acetates also behave in the same way as with dilute H 2 SO 4 . 


S. No. Observation Inference Confirmatory tests__ 

1. Colourless gas with pungent smell which fumes in air. [Add CF (a) Bring a glass rod dipped in NH 4 OH on the mouth of test tube; 

a pinch of Mri 02 in the solution- > pale green gas is (Chloride) white fumes are formed. 

evolved.] (b) Bring a glass rod dipped in silver nitrate solution on the mouth - 

of the test tube; white curdy ppt. is formed on the rod. 

(c) Chromyl chloride test: To the substance in a dry test tube 
add three times its weight of powdered K 2 Cr 207 and cone. 
H 2 SO 4 . Heat the contents. Red vapours are evolved. Pass the 
vapours in a test tube containing NaOH solution. Now add acetic 
acid and lead acetate solution. A yellow precipitate appears. 

2. Reddish brown fumes which intensify on addition of Br~ (a) Take aqueous extract of the substance (or extract with dilute 

Mn 02 . Vapours passed in water, make it yellow. (Bromide) HNO 3 ) and add silver nitrate solution. A light yellow precipitate 

appears. 

(b) To a small amount of the substance add dilute H 2 SO 4 . Warm 
and cool. Add 1 mL chloroform or carbon tetrachloride and then 
chlorine water with constant shaking. The chloroform layer 
becomes orange-brown. 

3. Violet pungent fumes evolved which may condense as F (a) Place a piece of filter paper moistened with starch solution on 

black specks on the cooler parts of the test tube. [The (Iodide) the mouth of the test tube. The paper turns blue. 

violet fiimes intensify on addition of Mn 02 .] (b) Take aqueous extract of the substance (or extract with dilute 

HNO 3 ) and add AgN 03 solution. Yellow precipitate is formed 
which is insoluble in NH 4 OH solution. 

(c) To the small amount of the substance add dil. H 2 SO 4 and 1 mL 
of either chloroform or carbon tetrachloride and then chlorine 
water, shake. Chloroform layer attains violet colouration. 

4. Light brown vapours having pungent smell. Intensify on NO 3 Take an aqueous extract of the substance in a test tube and add 

adding copper turnings. (Nitrate) freshly prepared FeS 04 solution. Add cone. H 2 SO 4 by the side 

of the test tube without disturbing the solution-a brown ring is 
formed at the junction of two liquids. 

5. Colourless, odourless gas which bums with blue flame at C 2 O 4 " (a) Take the substance, add dil. H 2 SO 4 and heat till there are no 

the mouth of the test tube and turns lime water milky. (Oxalate) more effervescences. Now add Mn 02 (solid)~brisk 

effervescences. 

(b) Calcium chloride test, see page 890. 
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M Reactions with explanations 

(i) Chloride : Colourless pungent fumes of hydrogen 
chloride are evolved on heating the solid chloride with cone. 
H 2 SO 4 . 

NaCl + H 2 SO 4 -> NaHS 04 + HCl 

(a) Yellowish-green gas of chlorine with suffocating odour 
is evolved when the solid chloride mixed with manganese 
dioxide is heated with cone. H 2 SO 4 . 

NaCl + H 2 SO 4 -> NaHS 04 + HCl 

Mn02 + 4HC1-> MnCl 2 -t 2 H 2 O + CI 2 

(b) The gas evolved by heating chloride with sulphuric acid 
forms white fumes of ammonium chloride with NH 4 OH. 

N H4 OH + HCl-» N H4CI -h INO- - 

White fumes _____ 

(c) The gas evolved by heating chloride with H 2 SO 4 forms 
a curdy precipitate of silver chloride with silver nitrate 
solution. 

AgNOs + HCl-^ AgCl + HNO 3 

ppt. 

Note : The curdy precipitate dissolves in ammonium hydroxide by 
forming a complex salt. 

. AgCl H- 2 NH 4 OH —^ Ag(NH 3 ) 2 Cl + 2 H 2 O 

When the solution having the silver complex is acidified with 
dilute nitric acid, a white precipitate of silver chloride is again 
formed. 

Ag(NH 3 ) 2 Cl + 2 HNO 3 AgCl + 2 NH 4 NO 3 

(d) Chromyl chloride test: When solid chloride is heated 
with cone. H 2 SO 4 in presence of K 2 Cr 207 , deep red vapours 
of chromyl chloride are evolved. 

NaCl + H 2 SO 4 -> NaHS 04 + HCl 

K 2 Cr 207 + 2 H 2 SO 4 -> 2 KHSO 4 + 2 Cr 03 + H 2 O 

C 1 O 3 + 2HC1-> Cr 02 C ]2 + H 2 O 

Chromyl chloride 

When these vapours are passed through NaOH solution, the 
solution becomes yellow due to the formation of sodium 
chromate. 

C 1 O 2 CI 2 + 4NaOH —^ Na 2 Cr 04 + 2NaCl + 2 H 2 O 

Yellow colour 

The yellow solution is neutralised with acetic acid and on 
addition of lead acetate gives a yellow precipitate of lead 
chromate. 

Na 2 Cr 04 + Pb(CH3COO)2-> PbCr 04 + 2CH3COONa 

Yellow ppt. 

Note : (i) This test is not given by the chlorides of mercury, tin, silver, 
lead and antimony. In such cases this test may be performed 
by taking the residue obtained after evaporation of sodium 
carbonate extract, 

(ii) The chromyl chloride test is always to be performed in a 
dry test tube; otherwise the chromyl chloride vapours will 
be hydrolysed in the test tube. 

Cr02Ci2 4- 2 H 2 O-» H2Cr04 + 2HC1 


(iii) The test is said to be positive when all the three observations, 
viz., orange-yeOow (red) vapours of chromyl chloride, yellow 
solution of sodium chromate, yellow precipitate of lead 
chromate, are correct. 

(iv) Sometimes, a white precipitate is obtained after the addition 
of lead acetate solution even in absence of chloride. TOs may 
be due to strong heating of the mixture with cone. H 2 SO 4 
when H 2 SO 4 vapours are absorbed in NaOH solution or due 
to incomplete neutralisation of NaOH solution which reacts 
with lead acetate to form lead hydroxide. 

(v) Bromides and iodides do not give this test. 

(u) Bromide: Reddish-brown fumes of bromine are 
formed when the solid bromide is heated with cone. H2SO4. 
NaBr + H2SO4-> NaHS04 + HBr 

H2Se4---^rfB^ - 

Mn02 is added. 

2 NaBr + 2H2SO4-^ 2NaHS04 + 2 HBr 

Mn 02 + H2SO4-> MnS04 + H2O + [O] 

2 HBr + [O] —^ H2O + Br2 

2 NaBr + Mn02 + 3H2SO4-> 2NaHS04 + MnS04+2H20 

+ Bi'2 

(a) The aqueous solution of bromide gives pale yellow 
precipitate of silver bromide which dissolves in excess of 
NH4OH forming a soluble complex. [AgBr is sparingly soluble 
in NH4OH solution.] 

NaBr + AgN03- > AgBr + NaN03 

Pale yellow ppt. 

AgBr + 2NH4OH-> Ag(NH3)2Br + 2H2O 

(b) When the fresh salt or mixture is treated with dilute 
H2SO4, CHCI3 or CGI4 and chlorine water, chlorine replaces 
bromine and the liberated bromine dissolves in CHCI3 or 
CCI4 layer giving it brown colour. 

2 KBr + CI2 -> 2 KC 1 + Br2 

Br2 + Chloroform -> Brown layer 

Note : Excess of chlorine water should not be used. Under this condition 
the layer attans either pale yellow colour due to formation of 
bromine monochloride or it becomes colourless due to fonmtion 
of hypobromous acid. 

Br 2 + CI 2 -^ 2Brd 

Bromine monochioride 

Br 2 + 2 H 2 O + CI 2 -^ 2HBrO + lECl 

Hypobromous acid 

(iii) Iodide: Violet vapours of iodine are evolved on heating 
iodide with concentrated H 2 SO 4 . 

2 KI + 2 H 2 SO 4 -> 2 KHSO 4 + 2 HI 

2 HI + H2SO4 -^ I2 -t- SO2 -I- 2H2O 

More violet vapours are evolved when Mn 02 is added. 

2 KI + 2H2SO4 —4 2KHSO4 + 2 HI 
Mn02 + H2SO4 —^ MnS04 + H2O + [O] 

_ 2 HI + [O] —> H2O + I2 _ 

2*0 + Mn 02 -H 3 H 2 SO 4 -^ 2 KHSO 4 + MnS 04 + 2 H 2 O 4-12 
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(a) Violet vapours with starch produce blue colour. 

I2 + Starch-> Blue colour 

(b) Aqueous solution of the iodine gives yellow precipitate 
of Agl with silver nitrate solution which does not dissolve in 
NH4OH. 

Nal + AgNOs -> Agl + NaNOs 

Yellow ppt, 

(c) When the given substance is treated with dilute H2SO4, 
CHCI3 or CCI4 and chlorine water, chlorine replaces iodine 
which dissolves in CHCI3 or CCI4 layer giving it violet colour. 

2 KI + CI2-> 2 KC 1 + I2 

I2 + CHCI3-> Violet layer 

Note : Excess of chlorine water should be avoided m the layer becomes 

colourless with the conversion of iodine into iodic acid. 

^ . . 

2 HIO 3 ====== 

I2 + 5CI2 + 6H2O-^ 2 ffl 03 + lOHCl 

(iv) Niti^te : Light brown fumes of nitrogen dioxide are 
evolved on heating the nitrate with concentrated H2SO4. 

NaN03 + H2SO4 NaHS04 + HNO3 
4HNO3-> 2H2O + 4NO2 + O2 

These fumes intensify when copper turnings are added, 
Cu + 4HNO3-> Cu(N03)2 + 2NO2 +2H2O 

Ring Test: When the aqueous solution of the substance 
is treated with freshly prepared solution of ferrous sulphate 
and cone, H2SO4, a brown-ring is formed on account of the 
formation of a complex at the junction of two liquids. 

NaNOs + H2SO4-> NaHS04 + HNO3 

6FeS04 + 2HNO3 + 3H2SO4 3Fe2(S04)3 + 4H20+2NO 
[Fe(H 20 )^]S 04 H 20 + NO-> [Fe(H 20 ) 5 N 0 ]S 04 + 2 H 20 

Ferrous sulphate Brown ring 

Note : (a) Ring test is not reliable in presence of nitrite, bromide and 
iodide. 

(b) The nitrates can be tested by boiling nitrate with Zn or A1 
in presence of concentrated NaOH solution when ammonia 
is evolved which cati be detected by the characteristic odour. 

Zn + 2NaOH —» Na2Zn02 + 2H 
A1 + NaOH + H 2 O-^ NaAlOa + 3H 

NaNOs + 8 H-> NaOH + 2 H 2 O + NH 3 

(v) Oxalate : When oxalate is heated with cone. H2SO4, 
a mixture of CO and CO2 is given off. The CO bums with blue 
flame. 

NU2C2O4 + H2SO4-> Na2S04 + H2C2O4 

H2C2O4 + [H2SO4] C 0 + C02+H20 + [H2S04] 

GROUP Hi 

Some anions are identified by tiieir characteristic chemical 
reactions. These radicals are sulphate, borate, phosphate and 
fluoride. 
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(i) Sulphate: Dissolve a little amount of the substance 
(salt or mixture) and add barium chloride solution. A white 
precipitate insoluble in cone. HNO 3 is formed. 

Reactions with explanations 

White precipitate of barium sulphate is obtained when soluble 
sulphate is treated with barium chloride solution. 

Na 2 S 04 + BaCl 2 -> 2NaCl + BaS 04 

White ppL 

The white precipitate is insoluble in cone. HNO 3 . Certain chlo¬ 
rides, e,g ., NaCl and BaCl 2 when present in large quantities, may 
form a white precipitate which dissolves on dilution with water. 

Silver and lead, if present, may be precipitated as silver chloride 
and lead chloride by the addition of barium chloride. To avoid it, 

bariumnitrate^may be useriifrplaee of barium cWoride,- — 

=^riBiRjQffatezr=To_Ta smaH^uanrit Y-Qf Ae-substoc 
mixture), add a few mL of ethyl alcohol and cone. H 2 SO 4 . Stir 
the contents with a glass rod. Heat the test tube and bring the 
mouth of the test tube near the flame. The formation of green 
edged flame indicates the presence of borate. 

Reactions with explanations 

When borate is heated with ethyl alcohol md H 2 SO 4 , ethyl 
borate vapours come out which bum with green edged flame. 

2 Na 3 B 03 + 3 H 2 SO 4 -> 3 Na 2 S 04 + 2 H 3 BO 3 

H 3 BO 3 -h 3 C 2 H 5 OH-^ (C 2 H 5 ) 3 B 03 + 3 H 2 O 

Ethyl borate 

In place of ethyl alcohol, methyl alcohol can also be used. 
This test should be performed in a test tube and not in a 
porcelain basin because copper or barium salts, if present, will 
come in contact with the flame which also give green flame, 

(iii) Phosphate : Take about 0.2 g of the substance in a 
test tube and add 2 mL cone. HNO 3 , Heat and add 2 mL 
ammonium molybdate solution. Again heat, A canary yellow 
precipitate indicates the presence of phosphate. 

1 Reactions with explanations 

The canary yellow precipitate is due to the formation of 
ammonium phosphomolybdate. 

Ca 3 (P 04)2 + 6 HNO 3 -> 3 Ca(N 03)2 + 2 H 3 ro 4 

H 3 PO 4 + 12 (NH 4 ) 2 Mo 04 + 21 HN 03 -> (NH 4 ) 3 -P 04 l 2 Mo 03 

' (Canary yellow ppt.) 

. + 21 NH 4 NO 3 + 12 H 2 O 

Arsenic under similar conditions also yields a yellow pre¬ 
cipitate of (NH 4 ) 3 -As 04 l 2 Mo 03 (ammonium arsenomo- 
lybdate). So, in presence of As, phosphate is tested in the 
filtrate of second group. 

(a) The precipitate of ammonium phosphomolybdate 
dissolves in excess of phosphate. Thus, the reagent (ammonium 
molybdate) should always be added in excess. 
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(b) HCl interferes in this test. Hence, if the test of phosphate 
is to be performed with the solution containing HCl, the solution 
should be boiled to remove HCl. 

(c) Reducing agents such as sulphites, sulphides, etc., 
interfere as they reduce Mo(Vl) to molybdenum blue 
(Mo 30 g-xH 20 ). The solution, therefore, turns blue. In the 
presence of reducing agents, the solutions should be boiled 
with HNO 3 as to oxidise them before the addition of 
ammonium molybdate. 

(iv) Fluoride ; Take a small amount of the substance in 
a dry test tube and add an equal amount of sand. Mix the 
contents and add cone. H 2 SO 4 . Heat the contents and place a 
glass rod moistened with water over the mouth of the test 
tube. A waxy white deposit on the rod is formed. 

^ Reactions iwittr explanafioni 

The fluoride with cpnc. H 2 SO 4 forms H^F^X^ydrofluoric 
acid) which attacks silica forming silicon tetrafluoride, SiF 4 . 
The vapours of SiF 4 are hydrolysed by H 2 O into gelatinous 
silicic acid which is deposited on the rod. 

2NaF + H 2 SO 4 —4 Na 2 S 04 + H 2 F 2 

5162 + 2 H 2 F 2 -^ SiF 4 + 2 H 2 O 

3SiF4 + 4 H 2 O-> H 4 Si 04 + 2H2SiF6 

Silicic acid 

(White) 

(a) The test should be performed in perfectly dry test tube, 
otherwise waxy white deposit will not be forined on the rod. 

(b) HgCl 2 and NH 4 CI also produce a deposit under these 
conditions, but this deposit is crystalline in nature. 

18.3| IDENTIFICATION OF ACIDIC RADICALS 
WITH SODIUM CARBONATE EXTRACT 

A large number of acidic radicals can be confirmed by using 
sodium carbonate extract of the mixture. One part of the given 
substance is mixed with about 3 parts of sodium carbonate and 
nearly 10 to 15 mL of distilled water. The contents are then 
heated for 10-15 minutes and filtered. The filtrate is known as 
sodium carbonate extract or soda extract. 

During the heating of mixture with sodium carbonate, 
double decomposition takes place, i.e., exchange of partners 
takes place. 

For example, 

CaC 204 + Na 2 C 03 -> CaC 03 + Na 2 C 204 

Insoluble Sodium oxalate 
(soluble) 

PbS 04 + Na 2 C 03 -> PbC 03 + Na 2 S 04 

Insoluble Sodium sulphate 
(soluble) 

BaCl 2 + Na 2 C 03 > BaCOa + 2NaCl 

Insoluble Sodium chloride 
(soluble) 

Thus, carbonates of the cations of the mixture are formed 
which are mostly insoluble in water and are obtained in the 
residue. On the other hand, sodium salts of the anions (acidic 
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radicals) of the mixture are formed which being soluble in 
water are obtained in the filtrate. 

Mixture 

Boiled with excess of Na 2 C 03 in water 
I Filter 


Residue Filtrate 

(Sodium carbonate extract) 
Sodium carbonate extract (filtrate) contains: 

(i) Sodium salts of acidic radices present in the mixture. 

(ii) Unused sodium carbonate and 

(iii) Some soluble compounds like (NH 4 ) 2 C 03 ,K 2 C 03 , 

... .. . ... 

'=T'he“S0diumnDarboiMenextracris'^^ic^inTTatur^^^ 
it is used for the detection and identification of a particular 
acidic radical, it is first neutralised by the addition of small 
quantity of an appropriate acid. The acid is added to the extract 
till the effervescences cease to evolve. 

Neutralisation is done according to the following scheme: 


Radicals to be tested 

Add 11 ^ for 

neutralization 

Reagents for toting 

Chloride 

Dilute HNO 3 

AgNOa 

Bromide 

Dilute HNO 3 

AgNOj 

Iodide. 

Dilute HNO 3 

AgN 03 

Sulphate 

Dilute HCl 

BaCla 

Oxalate 

Acetic acid 

CaOa 

Sulphite 

Dilute HQ 

BaCl2 


Advantage of preparing sodium carbonate extract: 

(i) Many salts are insoluble in water and dilute acids. The 
preparation of sodium carbonate extract affords a convenient 
method for bringing the anions of the mixture in solution. 

(ii) It removes the basic radicals (usually coloured) whiclL 
could have interfered in the usual tests of some of the acidic 
radicals. 

(iii) The residue can be used for the tests of basic radicals 
of I to VI groups as it can be easily dissolved in dil. HCl or 
cone. HCL Such a solution does not involve the problem of 
removing interfering radicals like oxalate,^fluoride, borate and 
.phosphate. 

Tests of various acidic radicals with sodium carbonate 
extract: 

(i) Sulphide : (a) Take sodium carbonate extract and add 

few drops of NaOH and then freshly prepared sodium 
nitroprusside solution. Appearance of violet colour indicates 
the presence of sulphide. 

Na2S + Na2[Fe(CN)5NO]-> Na4[Fe(CN)5NOS] 

Sodium nitroprusside (Violet colour) 
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(b) To soda extract, add lead acetate solution. A black 
precipitate indicates the presence of sulphide. 

NazS + Pb(CH 3 COO )2 -> PbS + 2CH3COONa 

Lead sulphide 
(Black) 

(c) To soda extract add cadmium carbonate. A yellow 
precipitate indicates the presence of sulphide, 

Na 2 S + CdCOs-^ CdS + Na2C03 

Cadmium sulphide 
(Yellow) 

(ii) Sulphite : Acidify the soda extract with dilute HCl 
and add barium chloride solution followed by bromine water 
and heat the contents. Apj^arance-of white precipitate indicates 
the presence of sulphite. 

Na2SO^ + Baa2 :—> ^aSOs + 

_ Br 2 ^...Il 2 Q_-^^^^^^— .— 

BaS 03 + O-> BaS 04 

White ppt 

(iii) Sulphate : Acidify the soda extract with dilute HCl 
or dilute HNO 3 and add barium chloride solution. A white 
precipitate, insoluble in concentrated HCl and concentrated 
HNO3 indicates the presence of sulphate. 

Na 2 S 04 + BaCl 2 -> BaS 04 2NaCl 

. White ppt.. 

(iv) Nitrite : Acidify soda extract with acetic acid and 
add concentrated solution of cobalt chloride. Then add 
potassium chloride. Wanii the contents and wait for sometime. 
Appearance of yellow precipitate indicates the presence of 
nitrite. 

C 0 CI 2 + 2 NaN 02 -> Co(N 02)2 + 2NaCl 

NaN 02 + CHsCCXiH-> CHsCCXlNa + HNO 2 

2 HNO 2 -> H 2 O + 2NO + [O] 

2Co(N 02)2 + 2NaN02 + H20 + [0] ^2Co(N02)3+2NaOH 
Co(N 02)3 + 3NaN02-» Na3[Co(N02)6] 

Colourless and soluble 

Na 3 [Co(N 02 ) 6 ] + 3KC1-> K 3 [Co(N 02 ) 6 ] + 3NaCl 

Potassium cobaltinitrite 

(Yellow and insoluble) 

(v) Chloride : Acidify sodium carbonate extract with dilute 
nitric acid and add silver nitrate solution. A white precipitate of 
silver chloride is formed which dissolves in ammonium 
hydroxide. 

NaCl + AgN 03 - > AgQ + NaNOs 

White ppt, 

(vi) Bromide : (a) Acidify the sodium carbonate extract 
with dilute HNO3 and add silver nitrate solution. Alight yellow 
precipitate of silver bromide is formed which is sparingly soluble 
in ammonium hydroxide. 

NaBr + AgN 03 -> AgBr + NaN 03 

Silver bromide 
(Pale yellow ppt.) 


(b) Take the second part of the sodium carbonate extract 
and add CHCI 3 or CCI 4 and then chlorine water. Shake the 
contents. The chloroform layer turns brown. 

2NaBr + CI 2 -> 2NaCl + Br 2 

Br 2 + Chloroform-> Brown layer 

Note : In place of chlorine water, cone. HNO 3 can be used. 

(vii) Iodide : (a) Acidify sodium carbonate extract with 
dilute HNO 3 and add silver nitrate solution. A yellow precipitate 
of silver iodide appears which does not dissolve in ammonium 
hydroxide. 

AgN 03 + Nal-> Agl + NaN 03 

Yellow ppt. 

(b) Take the second part of the soda extract and add 
chloroform or carbon tetrachloride and then chlorine water. 
Shake jdgorously._The-chloroform layer-tums-violet,- 

... aNal^^ao- 

I 2 + Chloroform-> Violet layer 

Note : In place of chlorine water, cone. HNO 3 can be used. 

(viii) Oxalate : Acidify the sodium carbonate extract with 
acetic acid and add CaCl 2 solution. A white precipitate is obtained. 
Filter and dissolve the precipitate in dilute H 2 SO 4 and add few— 
drops of potassium permanganate solution. The colour of 
KMn 04 is discharged. This indicates the presence of oxalate. 
Na 2 C 204 + CaGl 2 -> CaC 204 + 2NaCl 

White ppt. 

CaC204 + H2SO4-> H2C2O4 + CaS04 

Calcium oxalate Oxalic acid 

2 KMn 04 + 3 H 2 SO 4 -> K 2 SO 4 + 2 MnS 04 + 3 H 20 +5[0] 

COOH 

I + [O]-> 2 CO 2 + H 2 O 

COOH 

Note : In presence of fluoride, a white precipitate of CaF 2 is also 
formed by the addition of CaCla solution. But CaF 2 does not 
dissolve in dil. H 2 SO 4 and does not discharge the colour of 
KMn 04 . 

1^ IDENTIFICATION OF BASIC RADICALS^ 

Wet test analysis for basic radicals includes the following 
steps: 

(a) Preparation of the original solution of the salt or 
mixture. 

(b) Separation of basic radicals into different groups. 

(c) Analysis of the precipitates obtained in different groups 
and confirmation of the basic radicals by specific tests. 

(a) Preparation of the original solution 

The following solvents should be tried strictly in the order 
given below: 

(i) Cold water, 

(ii) Hot water, 

(iii) Dilute HCl, 

(iv) Concentrated HCl. 
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(i) Take about 0.1 g of salt or mixture in a test tube and 
shake it with 3.4 mL cold distilled water. 

(ii) If the substance is insoluble, heat to boil the contents 
and shake. 

(iii) If the substance does not dissolve, take fresh 

quantity about 0.1 g of salt or mixture in a test tube and add 
about 3 mL dilute HCl and shake. If the substance is insoluble, 
boil the contents. . .. 

(iv) If the substance is still insoluble, treat fresh amount of 
0.1 g of salt or mixture with 2 mL of cone. HCl. Heat to 
boding, dilute with 5 mL distilled water and again heat. This 
treatment will dissolve most of the substances. 

After selecting a suitable solvent for the given salt or mixture, 
take about 10 mL of the solvent in a boiling test tube, heat to 
boiling, add the solid substance little by little. Continue heating 
and-addingthe-mixture-tilLa concentrated solution-is-obtained.. 
DiluteJhe.aolutionJwith-equal-amounL-of-avater.- 

If the solution is to be prepared in concentrated HCl, take 
about 1.0 g of solid substance in a basin, add 5 mL of 
concentrated HCl. Evaporate to dryness. Add 1 mL of 
concentrated HCl to solid residue and 20 mL of distUled water. 

The_ solution flius obtained is callM the original .solution_ 

Note : (i) When the salt or mixture is soluble in cold dilute HCl, it 
shows that basic radicals Pb^"^, Hg^"^ and Ag"^ are absent. 

(ii) Lead chloride, PbCl 2 , is soluble in hot solution but insoluble 
in cold sdlutibh. Thus, when the hot solutionis cooled, if a 
white substance appears, it shows the presence of Pb^'*'. 

(Mi) Sometimes, a white precipitate ormOkiness is formed when the 
solution prepared in concentrated HCl is diluted, even when no 
member of first group is present. This may be due to formation 
of the oxychlorides of antimony, bismuth and tin. 

BiCls + HjO-> BiOCl + 2HC1 

While ppt 

The precipitate disappears if little concentrated HCl is 
added. In such a case, H 2 S can be passed through milky 
solution, 

2BiOa + 3H2S-> BiaSa + 2Ha + 2H2O 

(iv) A white crystalline precipitate of NaCl and BaQ 2 may be 
formed from the concentrated solution by the addition of 
concentrated HCl due to common ion effect. Such 
precipitates dissolve on dilution, 

(v) The original solution should not be prepared in concentrated 
nitric acid and concentrated H 2 SO 4 . These act as oxidising 
agents and convert H 2 S into S in second group. Nitric acid 
converts sulphides of Ba, Sr, and Pb into insoluble 
sulphates. Similarly sulphuric acid converts the salte of Ba, 
Sr and Pb into insoluble sulphates. 

(b) Separation of basic radicals into 
different groups 

For systematic analysis, the basic radicals have been 
classified into groups. Each group has a reagent, which shows 
the presence of the basic radical belonging to that particular 
group. It is necessary that the radical is completely lemoved 
in the respective group by using excess of group reagent, 
otherwise its presence creates difficulty in higher group. 


Group 

Group 

Basic 

Com^idou and colour 

reagent 

radical 

of the predpitate 

L 

Dilute HCl 

Ag^ 

AgCl: white 

Chlorides 



Pb^'^ 

PbCb: white 

insoluble in 




Hg 2 Cl 2 : white 

cold dilute HCl 

2 . 

H 2 S in 

Hg^^ 

HgS: black 



presence of 

Pb^'^ 

PbS: black 



dOute HCl 


31283 : black 




Cu^’' 

CuS: black 

CdS: yellow 

Sulphides 
insoluble in 




AS 2 S 3 : yellow 

dilute HQ 



Sb^'*"' 

. nrsmat* 

* 








— Sn— — 






8082 : yellow 


3, 

NH 4 OH in 


Fe(OH)3: 



presence of 

NH4cr.. 


reddish brown 

Cr(OH) 3 : green 

Hydroxides 

insoluble- 

inNH 40 H 




A 1 ( 0 H) 3 : white 


4, 

H 2 S in 

Zxp-* 

ZnS: ^ 

. 


presence of 

NH 4 OH 

Mn^+ 

greenish white 

MnS: buff 

Sulphides are 
^ insoluble in 



Co^'^ 

CoS: black 

NH 4 OH 



Nj 2 + 

NiS: black 


5. 

(NH 4 ) 2 C 03 m 

Ba^"" 

BaC(^: white 



presence of 


S 1 CO 3 : white 

Carbonates 
are insoluble 


NH 4 OH 


CaC 03 : white 


6 . 

Na 2 HP 04 


Mg(NH 4 )P 04 : 





white 


7. 

NaOH 

NHj 

Ammonia gas is 
evolved. 



% (c) Detection of basic radicals 
GROUP I 

Radicals : Pb^'^, Ag"^, Hg^"^ (ous) 

Group reagent ; Dil. HCl 

Procedure : Take cold dilute original solution and add 
few drops of dilute HCl. If white precipitate appears, add more 
of dilute HCl as to complete precipitation of basic radicals of 
first group. Filter, keep the filtrate for subsequent groups. 

Wash the precipitate with cold water. Transfer precipitate in 
a test tube and add about 10 mL of water, boil. If the precipitate 
dissolves, Pb^"'' is present and if it does not dissolve, it may 
have Ag^ or Hgf^. If the precipitate does not dissolve, filter it. 
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When the preci¬ 
pitate dissolves in 
hot water 


Solid residue (insoliihle In hot water), 
add hot NH 4 OH 


Divide the filtrate in 
■four parts. 

(i) First part—cool 
under tap water— 
white crystalline ppt. 
of PbCl 2 . 

(ii) Second part 

+K 2 Cr 04 soln. -> 

yellow ppt. of PbCr 04 

(iii) Third part + KI 
solution —yellow 
ppt. of Pbl 2 

Fourth „„,.^part_. 

dilute H 2 SO 4 . 

white ppt. of PbS 04 , 
soluble in ammonium 
acetate. 

p|^2+ 


Black precipitate is 
obtained. Dissolve the 
black ppt. in aqua- 
regia, evaporate off 
most of the acids, 
dilute with water and 
divide into two parts: 
Part I: Add staimous 
chloride solution. A 
white precipitate 
appears which turns 
grey. 

P art n : Add c opper 
turnings. A grey 
deposit is forni^ on! 
copper. 

Hg|^ (ous) confirmed 


Solid residue 

dissolves. Divide the 
solution into two 
parts: 

First part + dil. 

HNO 3 -> A white 

ppt. appears. 

Second part + KI 

soln. -^ A yeUow 

ppt. 

Ag^ confirmed 


GROUP II 

Radicals : Pb^+, Group BA 

As^"", Group IIB 

Group reagent : H 2 S gas in presence of dil HCl 

Procedure : Warm a part of the filtrate of first group or 
original solution containing dilute HCl (if first group is absent) 
and pass H 2 S gas. If a precipitate (black or brown or yellow 
or orange) appear, pass H 2 S through whole of the solution. 
Filter, dilute the filixate, warm and again pass H 2 S. Filter. 
Repeat this process till the precipitation is complete. Keep the 
filtrate for subsequent groups. 

Wash the precipitate with hot water. Take small part of the 
precipitate in a test tube and add about 5 mL of yellow 
ammonium sulphide solution, warm upto bO^'C with shaking. 

If the precipitate does not dissolve, Group DA radical may 
be present. 

If the precipitate dissolves, Group EEB radical may be present. 


Insoluble in yellow 
ammonium sulphide 

Soluble m yellow 
ammonium sulpMde 

IIA Group HgS Black 

IIB Group AS 2 S 3 YeEow 

. PbS Black 

Sb 2 S 3 Orange 

61283 Black 

SnS Brown 

CuS Black 

SnS 2 YeEow 

CdS YeEow 



Note : (i) Before passing H 2 S, the acidic concentration of the solution 
should be properly adjusted. If the solution is too acidic, 
lead and cadmium will not be precipitated. On the other hand 
if too litde HCl is used, zinc will also be precipitated. The 
proper hydrogen ion concentration is 0.25 M to 0.5 N with 
respect to HCl. 


(ii) The original solution must be from any oxidising agent 
otherwise H 2 S gets oxidised with precipitation of free 
sulphur. This is done by heating the mixture with concen¬ 
trated HCl for sufficient time during preparation of original 
solution. This treatment will also remove sulphite, nitrite 
from the mixture which can oxidise H 2 S. 

(iii) Hydrogen sulphide should be passed slowly in hot solution 
to get granular and easily filterable precipitate. 


GROUP IIA 

Procedure : Take the precipitate (if insoluble in yellow 
ammonium sulphide) in a test tube add 5 mL of dilute HNO 3 . 
Boil for few minutes. If insoluble, filter it. 


Insoluble (black) HgS. 
Dissolve it in aqua-regia 
md divide into two 


parts: 


^ait I: 

solution -—> a white 
ppt. which changes 
into greyish coloured 
ppt. 

Part II* Add Gu 

turnings- y a greyish 

deposit on copper 
turnings. 

Hg^ (ic) confirm«l 


Soluble—It may have Pb^"^, Cu^"*", Bi^*^ or 
Divide the solution into two parts: 


First part: Add dilute H 2 SO 4 and alcohol. 




confirms the presence of lead. In case no 
precipitate, use second part of filtrate. 
Second part of filtrate + excess of NH 4 OH 
soln. 

White precipitate (then—filter)' or -blue- 
coloured solution or cx)lourless solution. 


White 

Blue 

colour^ 

precipitate 

solution 

Dissolve the 

Acidify the 

ppt. in dilute 

solution with 

HCl and 

acetic acid 

divide into 

and add 

three parts: 

K 4 [Fe(CN) 6 ] 
soln. - > A 

Part I: 

chocolate 

Add sodium 

coloured ppt. 

stannite 
solution- > 

Cu^ present 

black ppt. 

Part H: 

Dilute with 

water -> 


white ppt 

Part ni: 

A<M a Etde 
10 % thiourea 

soln.-> 

YeEow 

colouration. 

Bi^'^present 



Colourless 

solution 

Pass H 2 S 
through soln. 
-> Appe¬ 
arance of 
yellow ppt. 
Cd^ present 


Note ; (i) Sodium , stannite is prepared by taking 1 mL of stannous 
chloride and adding to it drop by drop NaOH till the 
precipitate formed dissolves. 

Sna 2 + 2NaOH ^ Sn(OH )2 4-2NaCl 
ppt. 

Sn(OH )2 + 2NaOH-> Na 2 Sn 02 + 2 H 2 O 

Sodium stanaice 
(soluble) 
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(ii) Yellow ammomum sqlphide is used oidy for one radical, Le,, 
which is not soluble in ordinary ammonium sulphide. 
Yellow ammonium sulphide consists excess of sulphur and 
is fomulated as (NH4)2S^, commonly as (NH4)2S2. This 
converts SnS first into SnS2 which then dissolves forming 
thio complex. In case is absent, ordinary ammomum 
sulphide can be used in place of yellow ammonium sulphide. 

GROUP IIB 

Procedure : Take the remaining precipitate (if the 
precipitate is soluble in yellow ammonium sulphide) and add 
1 mL of concentrated HCl and boil. If the precipitate is insoluble, 
filter and test for arsenic and in case dissolves, test for 
antimony and tin. 


Insoluble in cone, 
HCl 


Dissolve the yellow 


Add ammonium 
molybdate and again 
heat^—> yellow ppt. 

As^ confirmed 


Soluble in cone, HCl 


Dilute die solution with water. Divide the 


First 

part: Add 

Second part: Add 

NH4OH 

and pass 

iron fillings and heat 

H2S- 

^orange ppt. 

for 10 minutes. Filter 

Sb^ 

confirmed 

into a solution of 



"mercuric chloride 
—> A white ppt. 
turning grey, 

Sn^ confirmed 


GROUP III 

Radicals : Fe^"", 

Group recent: NH4OH + NH4CI 

Procedure : Boil off H2S from the filtrate of II group or 
take original solution if first and second group radicals are 
absent. Add few drops of concentrated HNO3 and boil the 
solution. Add 10 g solid ammonium chloride and ammonium 
hydroxide slowly till the solution smells of ammonia. If the 
precipitate appears, filter. The filtrate should be kept for sub¬ 
sequent groups. 


Reddish brown ppt 
Fe(OH)3 


Green pm^ipitate 
Cr(OH)3 


Dissolve the ppt in 
dilute HQ and divide 
into two p^s: 

Part I + K4Fe(CN)6 

soln, -^ Prussian 

blue solution or ppt. 
Part n + KCNS soln. 

- > Red colouration. 

Fe^ confirmed 


ppt. + NaOH + Br2 

water -> Yellow 

soln. 

Acidify the yellow 
solution with acetic 
acid and add lead 

acetate solution- > 

Yellow ppt, 

Cr^ confirmed 


White precipitate 
A1(0H)3 


Dissolve the ppt. in dil. 
HCl. Add NaOH 

solution -> White 

ppt. appears which 
then dissolves in excess 
of NaOH. Treat this 
solution with solid 
ammonium chloride 
—^ Gelatinous white 
precipitate. 

AI^ confirmed 


Note ; (i) H2S must be completely removed, otherwise the sulphides 
of the IV group will be precipitate here. 

(ii) A very small amount of HNO3 should be use, otherwise 
manganese from divalent state (Mn^"^ is oxidised to trivalent 
state (Mn^‘*‘) which may get precipitate as Mn(OH)3. 


(iii) Precipitation should be done in hot condition and large excess 
of NH4OH should not be use. Ammonium chloride should 
always be adde before the addition of ammonium hydroxide. 

GROUP IV 

Radicals: 

Group reagent: H2S gas in presence of NH4CI and 
NH4OH 

Procedure : Take the filtrate of third group, concentrate 
it by heating. Add ammonium hydroxide and again heat the 
solution. Pass H2S gas. If the precipitate appears, pass H2S 
gas for sufficient time and then filter. Keep the filtrate for 
subsequent groups. 


Black pr^ipitate 
NIS or CoS 

Buff coloured 
precipitate, Mi^ 

White precipitate 

ZnS 

Wash the ppt. with hot 

Dissolve in HCl (dil.). 

Dissolve the ppt. in 

-watei^and~iiissolTe"1r 
in aqua-regia and 
evaporate to dryness. 
Extract the residue 

with water or dilute 

HGl. Divide it into 

two parts. 

Part 1 + dimethyl 
glyoxime -h NH4OH 
—Orange ppt. 

confirmed 

Part n + NH4SCN 

(solid) -h Acetone- > 

Blue layer. 

Co^ confirmed 

Wld”NlOH to the 

clear solution and 
then Br2 water. Boil 
and filter. The ppt. is 
treated with cone. 
HN03-" and Pb02 or 
Pb304 (red lead). 

The contents are 
heated. Keep the test 
tube for some time 

- > Purple coloured 

solution. 

Afo^'^confirmed 

dilute HO and add 

NaOH drop by drop. 

The precipitate formed 
dissolves in NaOH. 

Pass H2S gas through 
this solution 

Appearance of white 

ppt. 

Zn^confirmed 

Radicals: 

GROUP V 

, Sr^Ca2+ ■ 



Group reagent : (NH4)2C03 in presence of NH4OH 


Procedure : Take the filtrate of fourth group. Boil off 
H2S gas and concentrate to about 1/2 of its volume. Add a little 
solid NH4CI and NH4OH followed by (NH4)2C03 solutionr 
Appearance of white precipitate shows the presence of V 
group. Filter and keep the filtrate for VI group. The white 
precipitate may be either of BaCOs or S1CO3 or CaC03.Dissolve 
the precipitate in minimum quantity of acetic acid. Divide the 
solution into three parts. 


1st part + K2C1O4 

If Ba^”^ is absent, use 

If and both 

soln. ——> Yellow 

2 nd part. . Add 

are absent, use the 3 rd 

precipitate. 

(NH4)2S04 solution 

part. 

Ba^'^present 

—> White precipitate. 

Add (NH 4 ) 2 C 204 


Sr^'^present 

-—> White precipitate. 
Ca^'^present 


GROUP VI 

Radical: 

Group reagent: Na2HP04 in presence of NH4OH 
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Procedure ; Take the filtrate of V group and add a little 
NH4OH and then Na2HP04 solution. Scratch the walls of the 
test tube by a glass rod and allow to stand. Appearance of 
white precipitate confirms the presence of 

Test for NH4: Take the mixture in a test tube and add 
2-3 mL NaOH solution and heat. If the^ smell of NH3 is 
observed, it confirms the presence of NH4 ion. The 
confirmation can further be done by the following tests: 

(i) Bring a rod dipped in HCl near the mouth of test tube; 
white dense fumes are formed. 

(ii) Take aqueous solution of mixture and add Nessler’s 
reagent. Appearance of brown colour or precipitate confirms 
the presence of NH^ ion. 

id CHEMICAL REACTIONS INVOLVED IN 
THE TEST& OF BASIC RADICALS 


s Group I 

When dil. HCl is added to original solution, insoluble 
chlorides of lead, silver and mercurous mercury are precipitated. 

Pb(N03)2 +■ 2Hei PbCl2 + 2HNO3 

AgN03 + HCl-> AgCl + HNO3 

Hg2(N03)2 + 2HC1-> Hg2Cl2 + 2HNO3 

(lead) 

(i) PbCl2 is soluble in hot water and on cooling white crystals 
are again formed. 

(ii) The solution of PbCl2 gives a yellow precipitate with 
potassium chromate solution which is insoluble in acetic acid 
but soluble in sodium hydroxide. 

PbCl2 + K 2 Cr 04 —> PbCr 04 + 2 KC 1 

Yellow ppt. 

PbCr04 + 4 NaOH-> Na2Pb02 + Na2Cr04 + 2H2O 

(ui) The solution of PbCl2 forms a yellow precipitate with 
potassium iodide solution. 

PbCl2 + 2 KI-> Pbl2 + 2 KC 1 

Yellow ppt. 

(iv) White precipitate of lead sulphate is formed with dilute 
H2SO4. The precipitate is soluble in ammonium acetate. 

PbCl2 + H2SO4-> PbS 04 + 2 HC 1 

PbS04+2CH3C00NH4-> Pb(CH3COO)2 + (NH4)2S04 

Ag*^ (silver) 

(i) AgCl dissolves in ammonium hydroxide. 

AgCl + 2NH4OH-> Ag(lSIH3)2Cl + 2H2O 

Diammine silver (I) 
chloride 

(ii) On aciding dilute HNO3 to the above solution, white 
precipitate is again obtained. 

Ag(NH3)2Cl + 2HNO3 ^ AgCl + 2NH4NO3 ' ‘ 

White ppt. 
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(iii) On adding KI to the complex solution, yellow precipitate 
is obtained. 

Ag(NH3)2Cl + KI-> Agl + KCl + 2NH3 

Yellow ppt. 

Hgl^ (mercurous) 

(i) Hg2Cl2 turns black with NH4OH. 

Hg2Cl2 + 2NH4OH-> Hg + Hg(NH2)Cl + NH4CI + 2H2O 

Black 

(ii) The black residue dissolves in aqua-regia forming 
mercuric chloride. 

3 HC 1 + HNO3-^ NOCl + 2H2O + 2 C 1 

2 Hg(NH 2 )Cl + 6 C 1 -> 2 HgCl 2 + 4 HC 1 + Nj 

_ Hg + 2C1-> HgCl2...... . 

.. fiiil The solution of HgC lo forms w hi te or slate-colo ured 

precipitate with stannous chloride. 

2HgCl2 + SnCl2-> Hg2Cl2 + SnCl4 

White ppt, 

Hg2Cl2 + SnCl2-^ 2 Hg 4 * SnCl4 

Grey ppt. . _ 

(iv) The solution of HgCl2 with copper turning forms a 
grey deposit. 

HgCl2 + Cu-^ Hg + CuCl2 

Grey ppt. 

m Group II 

When hydrogen sulphide is passed in acidified solution, the 
radicals of second group are precipitated as sulphides. The 
precipitate is treated with yellow ammonium sulphide. The 
sulphides of IIB are first oxidised to higher sulphides which 
then ^ssolve to form thio-compounds, 

AS2S3 + 2(NH4)2S2-^ 2(NH4)2S 4* AS2S5 

Sb2S3 + 2(NH4)2S2-> 2(NH4)2S + SbaSs 

SnS 4 (NH4)2S2-^ (NH4)2S 4 SnS2 

AS2S5 4 3(NH4)2S -> 2(NH4)3 AsS 4 

Ammonium 
thioarsenate 

Sb2S5 4 3 (NH 4 ) 2 S-> 2(NH4)3SbS4 

Ammonium 
thioantimonate 

SnS2 4 (NH4)2S-> (NH4)2SnS3 

Ammonium 
thiostannate 

In case, the precipitate does not dissolve in yellow ammonium 
sulphide, it may be either HgS or PbS or Bi2S3 or CuS or CdS. 
The precipitate is heated with dilute HNO3. Except HgS, all 
other sulphides of UA are soluble. 

3PbS + 8HNO3-^ 3Pb(N03)2 + 2NO + 3S + 4H2O 

Bi2S3 + 8HNO3-> 2Bi(N03)3 + 2NO + 3 S + 4H2O 
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3 CuS + 8HNO3-> 3 Cu(N03)2 + 2 NO + 3 S + 4H2O 

3 CdS + 8HNO3-> 3Cd(N03)2 + 2 NO + 3 S + 4H2O 

(mercuric) 

HgS is dissolved in aqua-regia. 

3 HgS + 2HNO3 + 6 HC 1 -> 3HgCl2 + 3 S + 2 NO + 4H2O 

The solution is divided into two parts: 

Part I : Stannous chloride solution reduces HgCl2 first 
into white Hg2Cl2 and then to grey metallic mercury. 

Part n: Copper displaces Hg from HgGl2 which gets 
coated on copper turnings as a shining deposit. 

(lead) 

In case the sulphide dissolves in dilute HNO3, a small part 
of the-solutiom is-t£^en. Bilute H2S04 is^ added. If iMd^ 
^pi:esent,-^- 4 vhitei?re cipitate 2 o£dead::SuI]^i^e:;^B^s^===- 

Pb(N03)2 + H2SO4-> PbS04 + 2HNO3 

White ppt. 

In absence of lead, the remaining solution is made alkaline 
by the addition of excess of NH4OH. Bismuth forms a white 
precipitate of Bi(OH)3, copper forms a deep blue coloured 
solution while cadmium forms a colourless soluble complex. 

Bi(N03)3 + 3NH4OH-> Bi(OH)3 + 3NH4NO3 

White ppt. 

Cu(N 03)2 + 4NH4OH-> [Cu(NH 3 ) 4 ](N 03)2 + 4H2O 

Tetrammine cupric nitrate 
(deep blue solution) 

Cd(N03)2 + 4NH4OH-> [Cd(NH3)4](N03)2 + 4H2O 

Tetrammine cadmium nitrate 
(colourless solution) 

(bismuth) 

The precipitate dissolves in dilute HCl. 

Bi(OH )3 + 3 HC 1 -> BiCl 3 + 3H2O 

Part I: Addition of excess of water to Bids solution 
gives a white precipitate due to hydrolysis. 

Bids + H2O-> BiOCl + 2 HC 1 

Bismuth 
oxychloride 
(White ppt.) 

Part n; The solution of Bid3 is treated with sodium 
stannite solution when a black precipitate of metallic bismuth 
is formed. 

2Bid3 + 3Na2Sn02 + 6NaOH-> 3Na2Sn03 + 2 Bi 

Sod. stannite Sod. stannate 

+ 6 Nad + 3H2O 

Cu^* (copper) 

Blue coloured solution is acidified with acetic acid. When 
potassium ferrocyanide is added, a chocolate coloured preci¬ 
pitate is formed. 


Cu{NH3)4(N03)2 + 4CH3COOH -> Cu(N03)2 

+ 4CH3COONH4 

2Cu(N 03)2 + K4[Fe(CN)6]-> Cu2[Fe(CN)6] + 4KNO3 

Chocolate ppt. 

(cadmium) 

H2S is passed through colourless solution. The appearance 
of yellow precipitate confirms the presence of cadmium. 

Cd(NH3)4(N03)2 + H2S —> CdS + 2NH4NO3 + 2NH3 

Yellow ppt. 

s Group IIB 

In case the precipitate dissolves in yellow ammonium 
sulphide, the tests of the radicals arsenic, antimony and tin are 
performed.- The sulphide is ireat^^^^ concWffated^ Hydro-^ 

chlorieac idvAntimenyiai^fimsulpiMes^issc^^MB^aiSCT^ 
sulphide remains insoluble. 

(arsenic) 

The insoluble sulphide is treated with concentrated nitric 
acid which is then h'eat^ wifK ammonium molybdate. Yellow 
precipitate of ammonium arsenomolybdate is formed. 

AS2S5 + IOHNO3 -> 2H3ASO4 + IONO2 + 2H2O + 5 S 

Arsenic acid 

H3ASO4 -I- 12(NH4)2Mo04 + 2IHNO3 -> 

(NH4)3As04l2Mo03 + 2INH4NO3 + I2H2O 
Yellow ppt. 

Sn^* or Sn'** (tin) 

Solution of sulphide in concentrated HCl is reduced with 
iron fillings or granulated zinc, 

SnS2 + 4 HC 1 —SnCl4 -f 2H2S 

SnCl4 + Fe-> SnCli h- FeCla 

HgCla solution is added to above solution which gives first 
a white precipitate that turns to grey. 

2HgCl2 + SnCl2-> Hg2a2 + SnC^ 

White ppt. 

Hg2Cl2 + SnCl2-> 2 Hg + SnCl4 

Grey 

Sb®*(antimony) 

Filtrate of sulphide in concentrated HCl is divided into two 
parts: 

Part I: On dilution with excess of water, a white 
precipitate of antimony oxychloride is obtained. 

SbCl3 + H2O-> SbOCl + 2HC1 

White ppt. 

PartD: H2S is circulated. Orange precipitate is formed. 
2SbCl3 + 3H2S-> SbiSs + 6HC1 

Orange ppt. 
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^ Group III 

Hydroxides are precipitated on addition of excess of 
ammonium hydroxide in presence of ammonium chloride. 
AICI3 + 3NH4OH-> A1(0H)3 + 3NH4CI 

Gelatinous 

ppt. 

CrCl3 + 3NH4OH-> Cr(OH)3 + 3NH4CI 

Green ppt. 

FeCl3 + 3NH4OH —4 Fe(OH)3 + 3NH4CI 

Brownish 
red ppt. 

Fe®* (Iron) 

The brownish red precipitate dissolves in dilute HCl. The 
solution is divided into two parts: 

Part 1: KifFeCCNlg] solution iiMded wTiich fd^ 
blue solution or preeipitateT" - 

Fe(OH)3 + 3 HC 1 —4 FeCl3 + 3H2O 
4 FeCl 3 + 3 K 4 [Fe(CN) 6 ]-> Fe 4 [Fe(CN) 6]3 + 12 KC 1 

Prussian blue 

Part n:. Addition of potas.sium thipcya.nate solution gives 
a blood red colouration. 

FeCl3 + 3 KCNS-> Fe(CNS)3 + 3 KC 1 

Blood red colour 

Cr®* (chromium) 

The green precipitate is fused with fusion mixture (Na2C03 
+ KNO3). The fused product is extracted with water or the 
precipitate is heated with NaOH and bromine water. 

2Cr(OH)3 + 3KNO3 + 2Na2C03-> 2Na2Cr04 + 3KN02 

+ 2CO2 + 3H2O 

or 2 NaOH + Br2- > NaBrO + NaBr + H2O 

NaBiO ^ NaBr + [O] 

2 Cr(OH )3 + 4 NaOH + 3 [ 0 ]-> 2Na2Ci04 + 5H2O 

The solution thus obtained contains sodium chromate. The 
solution is acidified with acetic acid and treated with lead 
acetate solution. A yellow precipitate appears. 

Na 2 Cr 04 + Pb(CH3COO)2-> PbCr 04 + 2CH3COONa 

Yellow ppt. 

(aluminium) 

The gelatinous precipitate dissolves in NaOH. 

A1(0H)3 + NaOH-> NaA102 + 2H2O 

Soluble 

The solution is boiled with ammonium chloride when 
A1(0H)3 is again formed. 
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NaA102 + NH4CI + H2O-> A1(0H)3 + NaCl + NH3 

Group IV 

On passing H2S through the filtrate of the third group, 
sulphides of fourth group are precipitated. NiS and CoS are 
black and insoluble in concentrated HCl while MnS (buff 
coloured), ZnS (colourless) are soluble in cone. HQ. 

Zn^"^ (zinc) 

The sulphide dissolves in HCl. 

ZnS + 2 HC 1 -> ZnCl2 + H2S 

When the solution is treated with NaOH, first a white 
precipitate appears which dissolves in excess of NaOH. 

ZnCl2 + 2 NaOH-> Zn(OH)2 + 2 NaCl 

Wlte^t: ' ^— 

(Soluble) 

On passing H2S, white precipitate of ziric sulphide is 
formed. 

Na2Zn02 + H2S —4 ZnS + 2 NaOH _ 

White ppt, 

Mn^*^ (manganese) 

Manganese sulphide dissolves in HCl. 

MnS + 2 HC 1 -> MnCl2 + H2S 

On heating the solution with NaOH and Br2-water, manganese 
dioxide gets precipitated. 

MnCl2 + 2 NaOH-> Mn(OH)2 + 2 NaCl 

Mn(OH)2 + O-> Mn02 + H2O 

The precipitate is treated with excess of nitric acid and 
Pb02 or Pb304 (red lead). The contents are heated. The 
formation of permanganic acid imparts pink colour to the 
supernatant liquid. 

2Mn02 + 4HNO3-> 2Mn(N03)2 + 2H2O + O2 

2Mn(N03)2 + 5Pb304 + 26HNO3 -> 2HMn04 

Permanganic 
acid (pink) 

+ 15Pb(N03)2 + I 2 H 2 O 
Note ; The above test fails in presence of HCl. 

(nickel) and 00^*^ (cobalt) 

The black precipitate is dissolved in aqua-regia. 

3 NiS + 6HCL+ 2HNO3-> 3NiCl2 + 2 N 0 + 3 S + 4H2O 

3 CoS + 6 HC 1 + 2HNO3-> 3C0CI2 + 2 N 0 + 3 S + 4H2O 

The solution is evaporated to dryness and residue 
extracted with dilute HCl. It is divided into three parts: 
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Part I: Add NH4OH (excess) and dimethyl glyoxime. A 
rosy red precipitate appears, if nickel is present. 

CH3—C=NOH 

NiCla + 2 I + 2NH4OH —> 

CH3—C=NOH 

OH O 

I t 

CH3—C = N^ ^N=C—CH3 

I ^Ni, I + 2NH4CI + 2H2O 

CH3—C=N ^N=C—CH3 

■ i I 

O OH 

Part n : Add CH3COOH in excess and KNO2. The 
appearance of yellow precipitate confirms the presence of 
cobalt. 

KNOi + CH3COOH ^ CH3COQK + HNO 2 

2KNO2 —^ go(no"^2 + 2m 

Co(N02)2 + 2 HNO 2 -> Co{N02)3 + no + H 2 O 

Co(N02)3 + 3 KNO 2 -> K3[Co(N02)6] 

Part in ; Solution containing,,either nickel or cobalt is 
treated with NaHC03 and bromine water. Appearance of apple 
green colour confirms the presence of cobalt. If no apple 
green colour is observed, the solution is heated when black 
precipitate is formed, which shows the presence of nickel. 

Coa2 + 2NaHC03-> Co(HC03)2 + 2 NaCl 

Co(HC 03)2 + 4NaHC03-> Na 4 Co(C 03)3 + SHjO + SCOa 

Brj + H2O-> 2 HBr + O 

2Na4Co(C03)3+H20+0 -> 2Na3Co(C03)3 + 2 NaOH 

Sod. cobalticarbonate 
(Green colouration) 

NiCl2 + 2NaHC03-> NiCOj + 2 NaCl + H2O + CO2 

2NiC03 + 0 ^—> Ni203 + 2CO2 

(Black) 

; ? Group V 

Ammonium carbonate precipitates V group radicals in the 
form of carbonates. These carbonates are soluble in acetic 
acid. 

BaCOj + 2CH3COOH-> (CH3COO)2Ba + CO2 + H2O 

S1CO3 + 2CH3COOH-> {CH3COO)2Sr + CO2 + H2O 

CaC03 + 2CH3COOH —^ (CH3COO)2Ca + CO2 + H2O 

(barium) 

Barium chromate is insoluble and precipitated by the addition 
of potassium chromate solution. 

Ba(CH3COO)2 + K2C1O4-> BaCr04 + 2CH3COOK 


Sr^"^ (strontium) 

Strontium sulphate is insoluble and precipitated by the addition 
of ammonium sulphate solution. 

Sr{CH 3 COO )2 + (NH4)2S04-> SrS04 + 2CH3COONH4 

White ppt. 

Ca^^ (calcium) 

Calcium oxalate is insoluble and precipitated by the 
addition of ammonium oxalate. 

Ca(CH3COO)2 + (NH4)2C204-> CaC204 + 2CH3COONH4 

White ppt. 

Group VI 

~ In the filtote of V group, some quantity of ammoniurn- 

the solution. The clear solution is a>ncentrated and made alkaline 
with NH 4 OH. Disodium hydrogen phosphate is now added, a 
white precipitate is formed. 

MgCl2+Na2HP04+NH40H-^ Mg(NH4)P04+2NaCl+H2O 

Magnesium ammonium. .. 

phosphate 
(White ppt.) 

NHj (ammonium) 

The substance (salt or mixture) when heated with NaOH 
solution evolves ammonia. 

NH4CI + NaOH-> NaCl + NH3 + H2O 

When a rod dipped in HCl is brought on the mouth of the 
test-tube, white fumes of ammonium chloride are formed. 
NH3-t-HCl-> NH4a 

White fumes 

To the aqueous solution of ammonium salt when Nessler’s 
reagents is added, brown coloured precipitate is formed. 

/NH2 

Hg/ - 

2K2Hgl4 + NH4CI + 4 KOH-> V + 7 KI + KCl 

Hg/ +3H2O 

Iodide of Millon’s base 
(Brown ppt.) 

18.6 ^ DRY TESTS 

Dry tests are of great importance as these tests give clear 
indications of the presence of certain radicals. The following 
teste are performed in dry state: 

(i) Flame test 

(ii) Borax bead test 

(iii) Microcosmic salt bead test 

(iv) Charcoal cavity test 

(v) Cobalt nitrate ch^coal test 
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^ (i) Flame test 

Some volatile salts impart characteristic colour to the 
non-luminous flame. The chlorides of the metals are more 
volatile in comparison to other salts. The metal chloride volatilises 
and its thermal ionisation takes place. 

NaCl Na+ + CF 
CaCl2 ^ Ca^+ + 2 Cr 


Procedure ; The free end of a platinum wire is coiled into 
a small Iwp and heated in the Bunsen flame until red hot. It is 
dipped in borax and again heated, when borax swells up and 
then fused into a glassy bead. 

The bead is moistened with water and dipped in the coloured 
salt. It is now heated first in the oxidising flame and then in the 
reducing flame and colours are noted in both the flames in hot 
and cold conditions. 


The cations impart a characteristic colour to the flame as 
these absorb energy from the flame and transmit the same as 
light of characteristic colour. 

Procedure : The platinum wire fused in a glass rod is 
heated in the flame till it imparts colourless flame. This is 
achieved by dipping the wire in cone. HCl and heating it. The 
process is repeated till it gives a colourless flame. The tip of 
the wire is now dipped in cone. HCl and then into the 

Metal 

Colour of the head in 

CMdldi^ flame 

Reducing flame 

Hot 

Cold 

Hot 

Cold 

' Copper 

Iron 

Chromium 

Green 

Brown-yellow 

Green 

Blue 

Pale-yellow 

Green 

Colourless 

Bottle green 

Green 

Brown-red 

Bottle green 

Green 

substance. Tlie tip of the wire is strongly heated in the 

Cobalt 

Blue 

Blue 

Blue 

Blue 

non-lummous flame and the colour of the flame is observedBy 

Manganese 

ATolet 

Amethyst red 

"Grey 

Grey 

the naked eye. 

Nickel 

Violet 

Brown 

Grey 

Grey 


Colour of flame 

Inference 

Golden yellow 

Sodium 

Violet — 

Potassium 

Brick red 

Calcium 

Crimson red 

Strontium 

Apple green 

Barium 

Green with a blue centre 

Copper 


Note : Flame test should not be performed in the presence of As, Sb, 
Bi, Sn and Pb as these radicals form alloy with platinum and 
hence, the wire is spoiled, 

^ (ii) Borax bead test 

On heating borax the colourless glassy bead formed consists 
of sodium metaborate and boric anhydride. 

Na 2 B 407 -IOH 2 O-> Na 2 B 407 -> 2NaB02 + B203 

Glassy bead 

On heating with a -coloured salt, the glassy bead forms a 
coloured metaborate in oxidising flame. 

CUSO4-> CuO + SO3 

CuO + B2O3 -> Cu(B02)2 

Copper raetaborate 
(Blue) 

The metaborates possess different characteristic colours. 
The shade of the colour gives a clue regarding the presence of 
the radical 

However, in reducing flame the colours may be different 
due to different reactions. For example, copper metaborate 
may be reduced to colourless cuprous metoborate or to metallic 
copper, which appears red and opaque. 

2 Cu(B 02)2 + C-> 2 CuB 02 + B2O3 + CO 

2Cu(B02)2 + 2 C-> 2 Cu + 2B2O3 + 2 CO 


^ (iii) Microcosmic salt bead test 

This test is similar to borax bead test. When microcosmic- 

salt is heated, a colourless transparent bead of sodium 
metaphosphate is formed. 

Na(NH4)HP04-> NaPOs + NH3 + H2O 

Sodium 

metaphosphate 

Sodium metaphosphate combines with metallic oxides to 
form orthophosphates which are usually coloured. The shade 
of the colour gives a clue regarding the presence of metal. Like 
borax bead test, colours are noted both in oxidising and 
reducing flames in hot and cold conditions. 


Metal 

Colour of the head in 

Oxidisiiig flame 

R^udng flame 

Hot 

1 Cold 

Hot 

Cold 

Copper 

Green 

Blue 

Colourless 

Red.. 

Iron 

Yellow or 

Vellow 

Yellow 

Colourless 


reddish-brown 




Chromium 1 

Green 

Green 

Green 

Green 

Manganese 

Violet 

Violet 

Colourless 

Colourless 

Cobalt 

Blue 

Blue 

Blue 

Blue 

Nickel 

Brown 

Brown 

— 

Grey 


(iv) Charcoal cavity test 

This test is carried out on a charcoal block in which a small 
cavity has been made by a knife. About 0.1 g of the substance 
is mixed with 0.2 g of anhydrous Na2C03 or fusion mixture 
and the mixture is placed in the cavity. The mass is moistened 
with a drop of water and heated in a reducing flame with the 
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blow pipe. The bead or incrustation formed is observed. When 
metallic salt is heated with Na2C03, the metal carbonate is 
formed which decomposes into oxide. The carbon of the block 
reduces the oxide into metal. For example, 

CuCl2 + Na2C03-> CUCO3 + 2NaCl 

CUCO3-> CuO + CO2 

CuO + C-> Cu + CO 


Observation 

Inference 

1 . Formation of metallic bead : 


(a) Lustrous white, malleable 

Ag 

(b) Greyish white, marks paper 

Pb 

(c) White, does not mark paper 

Sn 

(d) Red 

Cu 

2 . Incmstation with metal: 


(a) White inemstation^v brittle metal 

Sb 

(b) Yellow incrustation, brittle metal 

Bi 

(c) YeOow incmstation, malleable metal 

Pb 

3 . Incmstation without metal: 


(a) White and yellow when hot 

ZnO, SnO 

(b) Yellow md orange when hot 

BiO 

(c) Brown 

CdO 

(d) White (volatile, garlic odour) 

AS2O3 


(v) Cobalt nitrate charcoal test 

A small amount of the substance and twice its bulk of 
sodium carbonate is placed in the charcoal cavity. A drop of 
water is added and the mass is heated in an oxidising flame 
with the help of blow pipe. After cooling, one or two drops of 
cobalt nitrate solution are added and the mass is again heated 
in the oxidising flame. The colour produced in the cavity is 
noted, 

By heating the salt with sodium carbonate, tfie^xide is 
formed which on heating with cobalt nitrate form a mixed 
oxide of a characteristic colour. 

ZnS04 + Na2C03 -> ZnCOg + Na2S04 

ZnCOs -> ZnO + CO2 

2Co(N03)2 -> 2CoO + 4NO2 + O2 

.ZnO,+CoO ^ j—^CoZn02.. ..'.. 

Rinnmann green 


Observation 

Inference 

(a) Blue mass 

Aluminium 

(b) Green residue 

Zinc 

(c) Pink residue 

Magnesium 

(d) Bluish-green . 

-Tin . - - 



Problem 1. Two solid laboratory reagents ‘A’ and "B' 
give the following reactions: 

Compound A: 

(i) On strongly heating it gives two oxides of sulphur. 

(ii) On adding aqueous NaOH solution to its aqueous solution 
a dirty green precipitate is obtainedy which starts turning brown 
on exposure to air. 

Compound B: 

{Hi) It imparts green colour to the flame. 

(iv) Its solution does not give a precipitate on passing H2S. 

(v) When it is heated with solid K^Cr^O-i and concentrated 
H2S04y a red gas is evolved. The gas when passed in an 
aqueous solution of NaOH^ turns it yellow. 

Identify A* and "B\ [Rw^rkee 1993 ] 

Solution: 

Compound A i (i) Compound ‘A’ is feirous sulphate which 
gives SO2 and SO3 on heating. 

2 FeS 04 -> Fe 203 + S02t + S 03 t 

Ferrous sulphate 

(ii) Ferrous sulphate gives dirty green Fe(OH)2 with aqueous 
NaOH. 

FeS04 + 2 NaOH -> Fe(OH)2 + Na2S04 

(Dirty green) 

Fe(OH)2 turns brown on oxidation, when exposed to 
atmosphere. 


2 Fe(OH )2 + H 2 O + IO 2 -> 2 Fe(OH )3 

Brown- 

Compound Bi (iii) and (iv) Compound ‘B’ is BaCl 2 which 
imparts green colour to flame and does not give any precipitate 
with H 2 S. 

(v) BaCl 2 forms chromyl chloride, when treated with 
K 2 Cr 207 and cone, H 2 SO 4 . 

2BaCl2 + K2Cr207 + 3H2SO4-> 

K2SO4 + 2BaS04 + 2Cr02Cl2 + 3H2O 
Chromyl chloride 
(Red gas) 

Chromyl chloride fo^s, yellow coloured Na 2 Cr 04 with 
aqueous NaOH. 

Cr 02 Cl 2 + 4NaOH -> Na 2 Cr 04 + 2NaCl + 2 H 2 O 

Yellow 

(Sodium chromate) 

Problem 2. A light green crystalline compound responds 
to the following test: 

(0 Its aqueous solution gives a brown precipitate or 
colouration with alkaline K2Hgl4 solution. 

(ii) Its aqueous solution gives a blue colour with K'^Fe{CN)^ 
solution, 

(Hi) Its solution in hydrochloric acid gives a white 
precipitate with BaCl2 solution. Identify the ions present and 
suggest the formula of the compound. I 992 | 
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Solution: 

(i) K2Hgl4 is called Nessler’s reagent. It is specially used to 
check the presence of NH4; giving brown precipitate. Hence, 
compound coijtains NH4 ion. 

(ii) With K3Fe(CN)6, only Fe^"^ ion gives blue colour called 
Turnbull’s blue. 

(iii) BaCl2 gives white precipitate with SO4 ions. Hence, 
compound (X) would be Mohr’s salt. FeS04CNH4)2S04-6H20 
which contains all the three ions. 

Problem 3 . An aqueous solution of gas (X) shows the 
following reactions: 

(i) It turns red litmus blue. 

(ii) When added in excess to a copper sulphate solution, a 
deep blue colour is obtained. 

(iii) On addition of FeCl^ solution, a brown precipitate, 
soluble in dilute HNO^ is obtained. Identify (X) and give 
equations for the reactions at step (ii) and (iii). 

[Roorkee 1991] 

Solution: 

Gas "X is soluble in water forming basic solution because 
it turns red litmus blue. Hence, the gas may be NH3. 

NH3 + H2O -> NH4OH ... - 

CUSO4 + 4NH4OH -> [Cu(NH3)4]S04 + 4H2O 

(Tetraamine 
cupric sulphate) 

Deep blue complex 

Ferric chloride gives brown precipitate of Fe(OH)3. 

FeCl3 + 3NH4OH -> Fe(OH)3 + 3NH4CI 

(Brown precipitate) 

Brown precipitate is soluble in HNO3. 

Fe(OH)3 + 3HNO3 -> Fe(N03)3 + 3H2O 

(Soluble complex) 

Problem 4 . A certain compound (X) is used in labo¬ 
ratory for analysis, its aqueous solution gives the following 
reactions: 

(i) On adding copper sulphate, a brown precipitate is 
obtained which turns white on addition of excess of Na2S20'^ 
solution. 

(ii) On addition of Ag^ ion solution a yellow curdy 
precipitate is obtained which is insoluble in ammonium 
hydroxide. 

Identify (X) and give equations for the reactions at step (i) 
and (ii). [Roorkee 1991 ] 

Solution : 

Yellow curdy precipitate with Ag"^ confirms the presence of 
I" ion in the compound. The precipitate is insoluble in 
NH4OH. 

Ag"^ + r —> Agi 

Compound (Y) gives brown precipitate with CUSO4 which 
becomes white when Na2S203 is added. Thus, compound (X) 
should be KI. Reactions involved may be given as: 


CUSO4 + 2 KI -> Cul2 + K2SO4 

(X) 

2 Cul 2 -> CU2I2 + I2 

White Brown 

(Insoluble) 

2Na2S203 + I2 “—^ Na2S405 + 2 NaI 

Sodium 

tetrathionate 

After removal of iodine, white precipitate of CU2I2 appears 
as both Na2S406 and Nal form colourless solution. 

Problem 5, A compound on heating with an excess of 
caustic soda solution liberates a gas (B) which gives white 
fumes on exposure of HCl. Heating it continued to expel the 
gas completely. The resultant alkaline solution again liberates 
the same gas (B) when heated with zinc powder. However the 
compound (A), when heated alone does not give nitrogen. 
Idmtffy _(A)_ and (B).^ _ __ _ _— 

Solution: _ 

Gas (B) gives white fumes with HCl, hence it should be 
NH3. Thus, compound (A) must be an ammonium salt. 

We know that nitrates and nitrites on heating with Zn and 
alkali liberate NH3 gas. Hence, the compound (A) should be 
ammonium nitrate or nitrite. But compound. (Al does_^^ 

N2 on heating, hence it may not be ammonium nitrite. 

Reactions involved: 

NH4NO3 + NaOH NaN03 + H2O-+ ^31^ 

(A) (B) 

NH3 + HCl-> NH4CI 

(White fumes) 

NaN03 + 8[H] NaOH + 2H2O + NHst 

Problem 6. An unknown solid mixture contains one or 
two of the following: CaCO^, BaCl2, AgA^6)3, Na2S04, ZnSO^ 
and NaOH. The mixture is completely soluble in water and the 
solution gives pink colour with phenolphthalein. When dilute 
hydrochloric acid is gradually added to above solution, a 
precipitate is formed which dissolves with further addition of 
the acid. What is/are present in the solid? 

Give equations to explain the appearance of the precipitate- 
and its dissolution. 

Solution: 

(i) Mixtui'(i gives pink colour with phenolphthalein, hence it 
should contain NaOH. 

(ii) Aqueous solution gives precipitate with dil. HCl which 
dissolves in excess HCl. It means that compound is zinc salt. 

Thus, the mixture should be of NaOH and ZnS04. 
Reactions involved may be given as : 

ZnS04 + 4 NaOH-> Na2Zn02 + Na2S04 + 2H2O 

Sodium zincate 

Na2Zn02 + 2 HC 1 —^ 2 NaCl + Zn(OH)2i 

White ppt. 

Zn(OH)2 + 2 HC 1 —^ ZnCl2 + 2H2O 

Soluble 

Hence, NaOH and ZnS 04 are present in tbe solid. 
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Problem 7 . The gas liberated on heating a mixture of two 
salts with NaOH, gives a reddish brown precipitate with an 
alkaline solution of K2Hg^. The aqueous solution of mixture 
on treatment with BaCl2 gives a white precipitate which is 
sparingly soluble in cone, HCl On heating the mixture with 
K2Cr20'j and cone, H2SO4, red vapours (A) are produced. The 
aqueous solution of mixture gives a deep blue cqlouration (B) 
with potassium ferricyanide. Identify the radicals in given 
mixture and write the balanced equation for formation of (A) 
and (Bl [U.T. 1991 ] 

Solution: 

(i) Gas given by heating mixture with NaOH gives brown 
ppt. with Nessler’s reagent K2Hgl4. It shows that the salt is 
a ammonium salt. 

(ii) BaCr2““sorufioh“pves“ wHte 

mixture. 

(iii) Blue colour with K3Fe(CN)6 indicates the presence of 
Fe^*^ ion. 

(iv) Mixture + K2Cr207 . vapours {Cr 02 Cl 2 ) 

(A) 

It shows that the mixture contains CF ion. Reactions involved 
may be given as : 

(i) NH4CI + NaOH-^ NaCl + NHst + HjO 

/Hg\ 

K2Hgl4 + NaOH + NH3 ^ 0 < ^NHal + KI + H2O + Nal 

^Hg/ 

(Brown ppt.) 

(ii) FeS04 + BaCl2-> BaS04 + FeCl2 

(Wtiite ppt.) 

(iii) 3 FeS 04 + 2K3Fe(CN)6-^ 3 K 2 S 04 + Fe3[Fe(CN)6]2 

Ferrous ferricyanide 
(Blue) 

(iv) 4NH4CI + K2Cr207 + 3H2SO4->2Cr02Cl2 + K2SO4 

Chromyl chloride 

+ 3H2O + 2(NH4)2S04 
Problem 8. A colourless solid (A) liberates a brown gas 
(B) on acidification, a colourless alkaline gas (C) on treatment 
with NaOH, and a colourless non-reactive gas (D) on heating. 
If heating of the solid continued, it completely disappears. 
Identify (A) to (D). 

Solution: 

Alkaline gas (Q with NaOH indicate that solid should be 
ammonium salt. Heating the salt, a colourless gas (D) non¬ 
reactive is formed. The gas (D) may be nitrogen. The compound 
may thus be NH4NO2. Reactions involved may be given as: 
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(i) NH4NO2 
(^) 

2HNO2 
2 NO + 2 [ 0 ] ■ 


HCl 


> NH4CI + HNO2 


H2O + 2 NO + [O] 


^NaN 02 + H2O + NHat 

(C> 


(ii) NH4NO2 + NaOH 

(A) 

(iii) NH4NO2 N2t + 2H20t 

(A) (D) 

Problem 9. Aw aqueous solution of gas (X) gives the 
following reactions: 

(0 It decolourizes an acidified K2Cr20'] solution, 

(ii) On boiling it with H2O2, cooling it and then adding an 
aqueous solution of BaCl2 a precipitate insoluble in dil HCl 
is obtained. 

{Hi) On passing H2S in the solution, a white turbidity is 
obtained. 

Identify {X) and give equations for the reactions at steps (i), 

(ii) and (Hi), [Roorkee 1990 ] 

. .. .... 


”and^ifi^ayA)e"^xplaina^^ 
we consider the gas (X) to be SO2. 

(i) K2Cr207 + 4H2SO4->K2S04 + Cr2(S04)3 + 4H2O 

+ 3 [ 0 ] 

H2O + SO2 + [O]-> H2SO4 — 


(ii) H2O2 + SO2 * 

H2SO4 + BaCl2 ■ 

(iii) 2H2S + SO2 


^ H2SO4 

^ BaS04+2HCl 

(White ppt.) - 

^ 2H2O + 3 S 

Colloidal sulphur 
(White turbidity) 

Problem 10. A black coloured compound (A) on reaction 
with diL H2SO4 gives a gas (B) which on passing in a solution 
of an acid (Q gives a white turbidity (D). Gas (B) when 
passed in acidified solution of (E) gives a precipitate (F) 
soluble in dilute HNO^,. After boiling this solution when excess 
of NH4OH is added, a blue coloured compound (G) is formed. To 
this solution on addition of acetic acid and aqueous potassium 
ferrocyanide a chocolate coloured precipitate (H) is obtained. 
On addition of an aqueous solution of BaCli to an aqueous 
solution of (E), a white precipitate insoluble in HNO^ is 
obtained. Identify (A) to (H). [Roorkee 1987 ] 

Solution: 

Flow diagram of the reaction may be given as: 


A [Black] 


H2SO4 


2NO2 

(B) Brown gas 


Precipitate (F) - 

Blue compound 
(G) ^ 

E (aqueous solution) - 


B (gas) 

I 

Acid soln. of (E) 

i 

(F) 

Precipitate 
- > Solution 


Acid 

(C) 


Turbidity (D) 


Boil and 




addNH 40 H 

CH3COOH 

K Fe(CN) ^ Chocolate precipitate 


^ White precipitate insoluble in 

HNO3 
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Reactions involved may be given as: 

FeS + H2SO4 —> FeS04 + HjS 

Ferrous sulphide (B) 

Black (A) 

HjS + 2HNO3 ^ 2NO2 + 2H2O + sT 

(B) (C) Colloidal sulphur 

(D) (Turbid) 

HCl 

CUSO4 + H2S CuS + H2SO4 

(E) Precipitate 

(F) 

3 CuS + 8HNO3 ^ 3 Cu(N03)2 + 2 NO + 3 S + 4H2O 
(F) 

Cu(N03)2 + H2SO4-^ CUSO4 + 2HNO3 

CUSO4 + 4NH4OH —> [Cu(NH3)4]S04 + 4H2O 

(Deep blue) 

(O) 

[Cu(Nff 3 l 4 TSO^ TCH^COOH ==4 QiS 04 + 4 CH^ 

CUSO4 + BaCl2-BaS04 + CuClz 

White ppt. 
insoluble in HNO 3 

2CUSO4 + K4Fe(CN)6-^Cu2[Fe(CN)6] + 2K2SO4 

Cupric ferrocyanide 
(Chocolate precipitate) 

Problem 11. Give the complete balanced equation for the 
following: 

(i) Mercurous nitrate reacts with excess Kl solution. 

{ii) Sodium chromite solution reacts with H2O2 in 
presence of NaOH. 

{Hi) Nickel sulphate reacts with dimethyl glyoxime reagent 
in ammonical solution. 1 MJ..N.M, 1997 ] 

Solution : 

(i) Hg2(N03)2 + 2KI-> Hg2l2 + 2KNO3 

Hg2l2 + 2 KI —> K2Hgl4 + Hg 

(ii) Na2Cr02 + 2H2O2-> Na2Cr04 + H2O 

CH3—C=NOH 

(iii) NiS04 + 2 | + 2NH4OH-^ 

CH3—C=NOH 

OH O 

I ^ 

CH3—C = N-^ ^N=C—CH3 

I ^Ni I + 2NH4CI + 2H2O 

CH3—C=N^ ^N=C—CH3 

i I 

O OH 

Problem 12. (i) The yellow coloured precipitate of 
compound (A) is formed on passing H2S through a neutral 
solution of salt (B). 

(ii) (A) is soluble in hot dilute HNO^ but insoluble in yellow 
ammonium sulphide, 

(Ui) The solution of{B) on treatment with small quantity of 
NH^ gives white precipitate which becomes soluble in excess of 
it forming a compound (Q, 


(iv) The solution of (B) gives white precipitate with small 
concentration of KCN which becomes soluble in excess of this 
reagent forming a compound (D). 

(v) The solution of (D) on treatment with H2S gives (A). 

(vi) The solution of {B) in dil. HCl on treatment with a 
solution of BaCl2 gives white precipitate of compound (E) 
which is insoluble in cone. HNO^. 

Identify (A) to (E) and give chemical equations for the 
reactions at steps (i) to (iii) to (vi). fRooikec 199S] 

Solution : 

Yellow precipitate of CdS is (A). 

(i) CdS04 + H2S-> CdS + H2SO4 

(B) ■ (A> 

(ii) CdS + 2HNO3-> Cd(N03)2 + H2S 

_ S olub l e __ _ 

CdS-> Insoluble in yellow am monium sulphide. __ 

(iii) Cd(OH)2 + 4NH4OH-»[Cd(NH3)4](OH)2 + 4H2O 

(C) 

(iv) CdS04 + 2KCN —^ Cd(CN)2 + K2SO4 

White __ 

Cd(CN)2 + 2KCN-> l^[Cd(CN)4] 

(D) Soluble 

(v) K2[Cd(CN)4] + H2S-> CdS + 2KCN + 2HCN 

(vi) CdS04 + BaCl2-> BaS04 + CdCl2 

(E) 

White precipitate insoluble in HNO3, 

Problem 13. (i) An aqueous solution of a compound (A) 
is acidic towards litmus and (A) is sublimed at about 3 (K)^C. 

(ii) (A) on treatment with an excess ofNH^SCN gives a red 
coloured compound (B) and on treatment with a solution of 
K4[Fe(CN)^] gives a blue coloured compound (C), 

(iii) (A) on heating with excess of K2Cr20j in presence of 
concentrated H2SO4 evolves deep red vapours of (D). 

(iv) On passing the vapours of (D) into a solution of NaOH 
and then adding the solutions of acetic acid and lead acetate, 
a yellow precipitate of compound (E) is obtained. 

Identify (A) to (E) and give chemical equations for the 
reactions at steps (ii) to (iv). IRoorkce 1998] 

Solution : 

(i) FeCla + 3H2O-> Fe(OH)3 + 3HC1 

(A) 

Solution becomes acidic due to hydrolysis, FeCl3 
sublimes at 300''C. 

(ii) FeCl3 + 3NH4SCN-> Fe(CNS)3 + 3NH4CI 

(B) Blood red 

4FeCl3 + 3K4[Fe(CN)6]-^ Fe4[Fe(CN)6]3 +. 12KC1 

(Q Prussian blue 

(iii) 4FeCl3 + 9H2SO4 + 3K2Cr207 —^ 

6Cr02Cl2 + 2Fe2(S04)3 + 3K2SO4 + 9H2O 

(D) 

Chromyl chloride 
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(iv) CrOiCli + 4 NaOH-> 2 NaCl + Na2Cr04 + IHjO 

Na 2 Cr 04 + (CHgCOOiPb-> PbCr 04 + 2CH3COONa 

(£) Yellow ppt. 

Problem 14 . (/) A powdered substance (A) on treatment 
with fusion mixture gives a green coloured compound (B). 

{ii) The solution of {B) in boiling water on acidification 
with dilute HoSO^ gives a pink coloured compound (Q. 

(Hi) The aqueous solution of (^ 4 ) on treatment with excess 
of NaOH and bromine water gives a compound (D), 

(^V) A solution of(D) in cone. HNO^ on treatment with lead 
peroxide at boiling temperature produced a compound (E) 
which was of the same colour as that of (C). 

(v) A solution of (A) in dilute HCl on treatment with a 
solution of barium chloride gave a white precipitate of 
compound^iE)^which-W.asJrisQluble^in £Dnc,JiKQ^atidj^ 

HCL _ _ ___ 

Identify (A) to (F) and give balanced chemical equations 
for the reactions at steps (i) to (v), [Roorkee 2001] 

Solution: 

The compound (A) is a sulphate as its solution in dilute HCl 
on treatment with barium chloride solution gives a white 
precipitate of barium sulphate (F) which is insoluble in cone. 
HNO3 and cone. HCL 

Solution of (A) 

in dilute HCl + BaCl2-> BaS04 (White ppt.) 

iF) 

Insoluble in 
cone. HNO3 
and cone. HCl 

From reactions (i) and (ii), it is clear that the compound (A) 
is manganese sulphate. 

(i) MnS04 + 2Na2C03 +2KN03 ->Na2Mn04 

Fusion mixture (^) 

Green coloured 
compound 

+ 2KNO2 + Na2S04 + 2CO2 


solution (Q. The reaction between (B) and acidified K2Cr20'] 
solution produces a green solution and a slightly coloured 
precipitate (D). The substance (D) burns in air to produce a 
gas (E) which reacts with (B) to yield (D) and a colourless 
liquid. Anhydrous copper sulphate is turned blue on addition 
of this colourless liquid. Addition of aqueous NH^ or NaOH 
to (C) produces first a precipitate, which dissolves in the excess 
of respective reagent to produce a clear solution in each case. 
Identify (A), {B), (C), (D) and {E) write the equations of the 
reactions involved. 2(M>1] 

Solution: 

The white substance (A) is ZnS. 


ZnS + H2SO4 -> 

ZnS04 + H2S 

(A) 

Colourless Gas (colourless) 


(C) (B) 

K2Cr207 + 4H2SO4 + 3H2S -^ Cr2{S04)3 + K2SU4 


{IT) oTeen^soiuttorr— ^ 


+ 7H2O + 3S 


White grey 


(D) 

S + O2 - 

-^S02 

.(i»-.(air) 

.(£).. . 

SO2 + 2H2S - 

—>3S + 2H2O 

(F) (B) 

(D) Colourless liquid 

CUSO4 + 5H2O - 

—> CuS 04-5H20 

White 

Blue 

(Anhydrous) 

ZnS04 + 2NaOH - 

—> Zn(OH)2 + Na2S04 

(Q 

White ppi. 

Zn(OH)2 + 2NaOH - 

—^ Na2Zn02 + 2H2O 

Soluble in water 
(Clear solution) 

ZnS04 + 2NH4OH ■ 

—> Zn{OH)2 + (NH4)2S04 

Zn(OH)2 + (NH4)2S04 + 2NH4OH [Zn(NH3)4]S04 + 4H2O 

J 

Soluble complex 
(Clear solution) 


(ii) 3 Na 2 Mn 04 + 2H2SO4 ->2NaMn04 + 2Na2S04 

(B) (C) 

Pink coloured 
compound 

+ Mn 02 4 - 2H2O 

(iii) MnS04 + 4 NaOH + Br2 - > Mn02 + Na2S04 

(D) 

+ 2 NaBr + 2H2O 

(iv) 2Mn02 + IOHNO3 + 5Pb02->2HMn04 

(E) 

Pink coloured 
solution 

+ 5 Pb(N 03)2 + 4H2O + O2 

(v) MnS04 + BaCl2 ->BaS04 + MnCl2 

(A) (F) 

White ppt. 

Problem 15 . A white substance (A) reacts with dilute 
H2SO4 to produce a colourless gas (B) and a colourless 


Problem 16. When a crystalline compound is heafed 
with K2Cr202 and concentrated H2SO4, a reddish brown gas 
‘A" is evolved. On passing ‘A’ into caustic soda, an yellow 
coloured solution of 'B' is obtained. Neutralizing the solution 
of ^B' with acetic acid and on subsequent addition of lead 
acetate, an yellow precipitate ofyO is obtained. When X" is 
heated with NaOH, a colourless gas is evolved and on passing 
this gas into K2Hgl4 solution, a reddish brown precipitate ‘D' 
is formed. Identify 'A\'B\'C\'D' and X\ Write the equation 
of reactions involved. fli.T. 2002 ] 

Solution: 

The given information in the question infer that compound 
‘X’ will be NH4CL 

K2Cr207 + 2H2SO4 -> 2KHSO4 + 2Cr03 + H2O 

NH4CI + H2SO4 -> NH4HSO4 + HCl 
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Cr03 + 2HC1 


Cr02Cl2 + 4NaOH 


—^ Cr02Cl2 + H 2 O 

(A) 

Reddish brown gas 

-> Na 2 Cr 04 + 2NaCl + 2 H 2 O 

(») 

Yellow coloured solution 


Na 2 Ci 04 + (CH3COO)2Pb- 


CH3COOH 

PbCi 04 + 2CH3COONa 
(C) 

(Yellow precipitate) 


NH4CI + NaOH-> NaCl + NH3 + H2O 

Colourless gas 

/NH2 

NH3 + 2K2Hgl4 + H2O-> Hg<Q + 4 KI + 3 HI 

Hg/ 

(Brown precipitate) 

(Iodide of Millon’s base) 



_■ SublectiveType Questions- 

do you do in it ? . 

2 . What are acidic and basic radicals? Or 
What are anions and cations? 

3 , Name the add radicals detected with dilute H2SO4. 

4 * Name the acid radicals detected with concentrated H2SO4, 

5 . What is sodium carbonate extract? What is its utility in 
qualitative analysis? 

6. How will you test carbonate in a mixture? Can you test 
carbonate in presence of sulphite? 

7 . Is there any gas other than CO2 which turns lime water milky? 

8 . How will you test sulphide in a mixture? 

9 . What is chromyl chloride test? Explain it with reactions. 

10 . Name the brown gas evolved in the test of nitrate ion. How 
is this ion confirmed? 

11 . How will you detect bromide or iodide by chloroform layer 
test? 

12 . How will you detect oxalate in a mixture? 

13 . What is ting test? Explain it. 

14 . Name the acidic radicals that are detected when concentrated 
H2SO4 is used alongwith: 

(a) Copper turnings (b) Potassium dichromate (c) Ethyl 
alcohol 

15 . How wiE you test phos^ hate in a mixture? Is there any other 
radical which corresponds to this test? 

16 . Why is original solution prepared for the identification of 
basic radicals? Why are HNO3 and H2SO4 generally not used 
for the preparation of an original solution? 

17 . What is a group reagent? Name the group reagents for 
second, third and fourth groups of mixture analysis. 

18 . Name the three chlorides which are insoluble in dilute HCl. 
Name one chloride, which is soluble in hot water but insoluble 
in cold water. 

19 . Sometimes, a white precipitate is obtained even in the 
absence of members of 1 st group on the addition of HCl. 
Explain it. 

20 . Why does Hg2Cl2 turn black on the addition of NH4OH? 

21 . State how the following substances may be dissolved? 

PbS04;AgCl;BaS04;HgS. 


22 . Give exmples-andrexplaimwith equationsr- —. 

mixing. 

(b) Two colourless solutions give a red precipitate on mixing, 
soluble in excess of one of them. 

(c) Two colourless solutions give a white prmpitate on 
mixing, soluble in ammonium hydroxide. 

(d) Two colourless soluhons give a yellow pr^ipitate on 
mixing. 

23 . Why are the members of IV group not precipitated in 11 group 
although H2S is group reagent in bo^? 

24 . What is yellow ammonium sulphide? Why is yellow 
ammonium sulphide and not ordinary ammonium sulphide 
used for the separation of IIA and IIB sub-groups? 

25 . For the analysis of basic radicals of group 11 , H2S is passed 
in acidic medium, while for the basic radicals of group IV, in 
alkaline medium, why so? 

26 . Explain, while performing qualitative analysis of basic 
radicals of third group, why ammonium chloride is added in 
excess before adding ammonium hydroxide? 

27 . How is copier tested? What is the chocolate precipitate 
obtained in the test of copper? 

28 . Name the two sulphides which are yellow in colour. How will 
you test the basic radicals present in them? 

29 . What happens when? 

(a) Copper sulphate is treated with excess of NH4OH. 

(b) Bismuth chloride is treated with sodium stannite solution 
in presence of NaOH. 

(c) Stannous chloride is treated with mercuric chloride. 

(d) Excess of water is added to concentrated solution of 
antimony chloride. 

30 . (a) What is the function of concentrated HNO3 in third 

group? 

(b) Will you add HNO3 in third group even if iron is given 
in ferric state in the mixture? 

(c) Can you use NaCl and NaOH instead of NH4CI and 
NH4OH in third group? 

31 . (a) How will you test for iron? 

(b) What is the yellow precipitate obtained in the test of 
chromium? 

(c) Which hydroxide dissolves in NaOH? Give equation. 

(i) Fe(OH)3 (ii) Cu(OH)3 (iii) Al(OH)3. 








Qualitative Inorganic Analysis 


905 


32 . What is the colour of nickel sulphide ? How is nickel tested 
by dimethyl glyoxime? 

33 . What is the group reagent of V group? Why is it necessary 
to test for V group radicals in the order of Sr^"^ and 

only? 

34 . What is the white precipitate obtained in the test of 
magnesium? 

35 . How will you test zinc ion and mercuric ion in the laboratory? 

36 . Give the chemistry of flame test. What colour is obtained in 
the test of calcium and barium salts? 

37 . How is borax l^ad test performed? Give the chemistry of this 
test. 

38 . An aqueous solution of salt (A) gives a white precipitate (B) 
with NaCl solution. The filtrate gives a black precipitate, (C) 
when H2S is passed into it. Compound (B) dissolves in hot 
water ^ijhe solution-gives^ ydtew-pr^ip^^ 
tieatmentjmth^sotoiiLi o_did e_and-COohng^Tte^^ 
^(A)'^'^not^ve any gas with dilute HCl but liberates a 
radish-brown gas on heating. Identify the compounds (A) 
to(D). 

[Hint : Since the crystalline substance (B) dissolves in hot water 
gives a yellow precipitate with Nal, it should be lead 
chloride (PbCl2) and the solution (A) consists a lead salt. 
PbCl2 + 2 NaI-> Pbl2 + 2 NaCl 

(B) Yellow 

(D) 

The compound (A) does not give any gas with dilute HCl 
but liberates a reddish-brown gas on heating, it should be 
lead nitrate, Pb(N03)2. 

Pb(N 03)2 -> PbO + 2NO2 + IO2 

(A) Reddish- 

brown gas 

Lead chloride is sparingly soluble in water. When H2S is 
passed, it gives a black precipitate of lead sulphide, PbS. 

PbCl2 + H2S-> PbS 4 - 2 HC 1 

Black ppt. 

(Q 

Thus, (A) is lead nitrate, Pb(N03)2; 

(B) is lead chloride, PbCl2; 

(C) is lead sulphide, PbS; 
and (D) is lead iodide, Pbl2.] 

39 . A mixture of two salts was treated as follows: 

(i) The mixture was heated with manganese dioxide and 
concentrated H2SO4, when yellowish green gas was 
liberated. 

(ii) The mixture on heating with NaOH solution gave a gas 
which tum^ red Mtmus blue. 

(iii) Its solution in water gave blue precipitate with potassium 
ferricyanide and red colouration with NH4CNS. 

(iv) The mixture was boiled with potassium hydroxide and 
the liberated gas was bubbled through an alkaline 
solution of K2Hgl4 to give brown precipitate. 

Identify the two salts. Give ionic reactions involved in the 
tests (i), (ii) and (iii). [LIT. 1987 ] 

[Hint : Tests (ii) and (iv) show the presence of ammonium radical. 
Test (i) shows the presence of Cl'" ion and test (iii) shows 
the presence of Fe^"*” and ion. 

2Cr + Mn02 + H2SO4 + 2H"'-> MnS04 + 2H2O + CI2 

(Yellowish green) 

NH4 + oir—> NH3 + H2O 


NH3 turns red litmus blue 
3Fe^^ + 2[Fe(CN)6]^—> Fe3[Fe(CN)6]2 

(Blue ppt.) 

■ Fe^'^ + 3CNS"-> Fe(CNS)3 

(Blood red colour) 

Thus, the mixture consists FeCl2 and NH4CI, Some of the 
FeCl2 has undergone oxidation into FeCl3 with atmospheric 
oxygen.] 

40 . Identify the unknown species and complete the following: 

(i) (A) + BaCl2 -> White precipitate 

(ii) NaOH + (B) ->NH3 gas 

(iii) (C) + Mn02 + H2SO4-> Violet vapours 

(iv) (D) + K2Cr207 + H2SO4 -> Green coloured solution 

(v) (E) > YeUqwj^mpou^^_ — 

Colourless _____ 

:r S 0||azrz:-z^=i.-z::^.=:~^ — 

41 . (i) A black coloured compound (B) is formed on passing 

hydrogen sulphide through the s()iution of a compound 
(A)inNH40H. 

(n) (B) on treatment with hydrochloric acid and KCIO3 gives 

..... . 

(iii) (A) on treatment with potassium cyanide gives a buff 

coloured precipitate which dissolves in excess of this 
reagent fonning a compound (Q. 

(iv) The compound (Q is changed into a compound (£)) when- 
its aqueous solution is boiled. 

(v) The solution of (A) was treated with excess of scdium 
bicarbonate and then with bromine water. On cooling and 
shaking for sometime, a green colour of compound (£) is 
formed. No change is observed on heating. 

Identify (A) to (E) and give chemical equations for the 
reactions at steps (i) to (v). [Roorkee 1996 ] 

[Hint : The compound (A) is a cobalt salt (C0CI2). 

(i) C0CI2 + 2NH4OH + H2S-> CoS + 2NH4CI + 2H2O 

(A) Black 

(B) 

(ii) CoS +2HC1 +0 (from Kao^) -> Coa2 + H2O S 

(iii) C0CI2 + 2 KCN-> Co(CN)2 + 2 KC 1 

Buff coloured 

Co(CN)2 + 4 KCN -> K4 [Co(CN)6 ] 

(Q 

(iv) 2K4Fe(CN)6+H20+0 (from air)-> 2K3Fe(CN)6 + 2 KOH 

m 

(v) C0CI2 + 6NaHC03 -4 Na4[Co(C03)3] + 2 NaCl+3CO2+3H2O 

2Na4[Co(C03)3]+H20 + O->2Na3[Co(C03)3]+2NaOH] 

42 . A colourless inorganic compound (A) is soluble in water, 
alcohols and amines. On strong heating (A) gives a brown 
gas {B) and a grey residue (Q. On dissolution of (A) in NH3, 
a solution (D) is formed which reduces aldehydes to form 
silver mirror. FeS04 reduces solution of (A) in water. Aqueous 
solution of (A) also gives a brick red precipitate (E) with 
K2Cr04 solution. Identify (A) to (E). 

43 . A colourless solid (A) on hydrolysis produces a heavy white 
precipitate (B). Solid (A) gives a clear solution in cone. HCl; 
however, when added to large amount of water, it again gives 
precipitate of (B). When H2S is passed through a suspension 
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of (A) or (B), a brown black precipitate of (C) is obtained. 
Compound (A) liberates a gas (D) on treating with H2SO4. 
The gas (D) is water soluble and gives white precipitate (£) 
with solution of mercurous salt but not with mercuric salt. 
Identify (A) to (E). Also report (A), (B) and (Q if (Q is orange 
precipitate. 

44. An inorganic compound (A) in its aqueous solution produced 
a white ppt. with NaOH, which gets dissolved in excess of 
NaOH. The aqueous solution of (A) also produced white 
ppt. with NH4OH which also dissolved in excess of NH4OH. 
Also its aqueous solution produced light yellow ppt. with 
AgN03 solution, soluble in dil. HNO3. Identify (A). 

45. When a green solid (A) is fused with sodium carbonate in 
open air, a coloured salt (B) is formed. A solution of pure (B) 
gives a coloured precipito^ with solutions of lead and barium 

_ salts. On ex tracting (B) with water and adding sulphuric acid, 

^further colour change takes^tace'^anrfxrysfS^f^^ 
obtained on evaporation. When warmed with alcohol, an 
acidified solution of (C) emits a characteristic smell and on 
evaporation and cooling, deposits dark violet crystals (D). 
On warming (C) with ammonium sulphate a colourless gas is 
produced and (A) is reformed. Identify (A), (B), (C) and (D) 
and explain the reactions involved. 

46. There are two metal carbonates (A) and (B), which are 
insoluble in water but soluble in acetic acid with the 
evolution of CO2. When potassium chromate is added to 
their solution, (A) gives a yellow precipitate which gives pale 
green colouration in flame test. The precipitate is filtered out. 
The filtrate is treated with (NH4)2S04, white ppt. is formed 
which gives crimson red colour in flame test. Identify (A) and 
(B) and also give equation for the reaction involved. 

47. A colourless solid (A) on heating gives a white solid (B) and 
a colourless gas (C). (B) gives a reddish brown gas on 
treatment with dil. acids. When (B) is heated with solid 
NH4CI, a colourless gas (D) and a residue (E) are obtained. 
When (A) is heated with (NH4)2S04 a colourless gas (F) is 
obtained alongwith a white residue (G). Both (E) and (G) 
imparts yellow colour to flame. The gas (C) reacts with Mg 
to give white powder. The gas (D) is heated with calcium 
and the product on hydrolysis gives NH3. Identify (A) to (G). 

48. A white compound (A) on red heating decomposes to give a 
residue (B) and two gases (C) and (D), The gas (C) bums 
with a blue flame. The gas (D) turns hme water milky. The 
residue (B) on dissolving in water gives heat and solution is 
alkaline to litmus. The compound (A) imparts brick-red colour 
to flame. Identify (A) to (D). 

49. A hydrated metallic salt (A), light green in colour, on careful 

heating gives a white anhydrous residue (B). (B) is soluble 
in water and its aqueous solution reacts with NO to give a 
dark brown compound (C). (B) gives a brown residue (D) 
and a mixture of two gases (£) and (F), The gases when 
passed through an acidified KMn04 solution discharges the 
pink colour and when passed through acidified BaCl2 solution 
gave a white precipitate. Identify (A), (B), (C), (D), (E) and 
(F). [M.L.N.R. 1996] 

50. A salt is coloured. The anion with barium chloride gives 
white precipitate insoluble in cone. HNO3. When the solution 


of this salt is treated with HCl, no precipitate is formed. When 
H2S is passed, no precipitate is formed. When NH4CI and 
NH4OH are added, no precipitate is formed. H2S is passed 
when black precipitate is formed. The precipitate is dissolved 
in aqua-regia and dimethylglyoxime solution is added in 
ammonical solution when red precipitate is formed. Find the 
salt. 

51 . An aqueous solution of salt gave the following reactions: 

(i) With barium chloride solution, white precipitate insoluble 
in HCl is obtained. 

(ii) Addition of excess KI gives a brown precipitate which 
turns white on addition of excess of hypo. 

(iii) With potassium ferrocyanide solution, chocolate 
coloured precipitate is formed. Identify the salt. 

52 . - (i) The solutiomof ^alt (A-)-in dilute HCi-gLves_£Ldiity_y_ellQ^ 

--pr-ecipitate-orLpassingJi2S_g as_._The_preci pitate dissolves 

in yellow anunonium^lphide. ^ —— 

(ii) The salt (A) gives chromyl chloride test. 

(iii) (A) fust forms a white precipitate with NaOH which 
dissolves in excess of NaOH forming a compound (B). 

(iv) The alkaline solution of (B) when added to bismuth 
chloride gives a black precipitate (Q. 

(v) (A) reduces HgCl2 in solution to a white precipitate (D) 
which changes to grey. Identify (A), (B), (C) and (D). Give 
reactions at steps (i) to (v). 

[Hint : The steps (i) and (ii) indicate that (A) is SnCl2. 

(i) SnCl2 + H2S-> SnS + 2 HC 1 

(A) Dirty yellow 

SnS + (NH4)2S2-> SnS2 + (NH4)2S 

SnS2+(NH4)2S-> (NH4)2SnS3 

Soluble 

(ii) SnCl2 + H2SO4-> SnS 04 + 2 HC 1 

K2Cr207 + H2SO4-> K2SO4 + 2Cr03 + H2O 

Cr 03 + 2 HC 1 -> Cr 02 Cl 2 + H2O 

Chromyl 

chloride 

(iii) SnCl2 + 2 NaOH-Sn(OH)2 + 2 NaCl 

White ppt. 

Sn(OH)2 + 2 NaOH- > Na2Sn02 (Sodium stannite) 

(B) 

Soluble 

(iv) 3Na2Sn02 + 6NaOH + 2BiCl3-> 2 Bi + 3Na2Sn03 

(5) (O 

Black ppt. 

+ 6NaCl + 3 H 2 O 

(v) SnCl2 + 2HgCl2-> Hg2Cl2 + SnC^ 

(D) 

White ppt. 

(Mercurous chloride) 

Hg2Cl2+SnCl2-> 2 Hg + SnCy 

Grey 

53 . Identify the unknown species and complete the following 
equations : 

(i) Na 2 B 4 O 7 - 10 H 2 O + conc.H2SO4 > (A) 

(C 2 H 5 ) 3 B 03 

(ii) Na3P04 + (NH4)2 Mo04 + HNO3-> (Q 

Yellow ppt. 
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(iii) NaF + H2SO4 + SiOa-> (D) 

(£>) + H20->(£) 

White 

(Silicic acid) 

(iv) K2Cr207 + KCl + cone. H2SO4-> Reddish 

brown vapours (F) 

(F) + NaOH-> YeUow solution (G) 

(G) + (CH3C00)2 Pb-> Yellow ppt. (H) 

54, Identify the gas (X) : 

(i) (X) is a colourless with pungent smell 
(h) (Y) turns lime water milky. 

(iii) (Y) turns acidified K2Cr207 solution green. 

(iv) {X) decolourises acidified KMn04 solution. 

(v) (X) gives white turbidity when H^S^is passed through it 

"aqueMs solutidnr _ 

whi^pr^^itate“msol® HNOy is formed 

when the aqueous solution of (X) in NaOH is treated with 
barium chloride and bromine water. 

[Hitit : (i) (X) is SO2. It is colourless and pungent. Rest of 
properties are observed with SO2. 

(ii) Ca(OH)2 + SO2 —^ CaSOs +' H2O. ' 

Lime water Milky 

(iii) K2Cr207 + H2SO4 + 3SO2-» K2SO4 + Cr2(S04)3 + H2O 

Green 

(iv) 2KMn04 -f 3H2SO4-> K2SO4 + 2MnS04 + 3H2O + 5[0] 

[SO2 + O + H2O H2SO4] X 5 


2KMn04 + 5 SO 2 + 2 H 2 O-> K 2 S 04 + 2 MnS 04 + 2 H 2 S 04 


55 - 


(v) SO2 + 2H2S 

(vi) S02 + 2 Na 0 H- 
Na 2 S 03 + BaCl2- 

Br 2 H2O - 
BaSOa + [O]» 


K0H,H202 


Heat 
Black substance 



-> 3 S + 2H2O 

White torbidity 

^ Na2S03 + H2O 
^ BaS03 + 2 NaCl 
^ 2 HBr + [O] 

BaS04 

White ppt. 

(Insoluble in cone, HNO3)] 


Pink-violet 


HCl HCl 


Pale green gas Violet vapours of iodine 


(D) 

{Q is a volumetric reagent. It can be used for estimation of 
ferrous sulphate and oxalic acid in acidic medium without 
employing any indicator. 

Identify (A), (B), (C) and (£>). Give all reactions. 

56 . A colourless salt (A) gives a mixture of three gases (B), (Q 
and (D) along with water vapoui^. Gas (B) is basic, (C) is 
acidic while (jD) is neutral in nature. Gas (B) is also evolved 
when (A) is heated with KOH and gives brown pmcipitate 
with Nessler’s reagent. The gas (C) when passes through 
lime water, gives white turbidity. Magnesium bums in the 
atmosphere of gas (C), The gas (D) bums with blue flame 
and is formed when potassium ferrocyanide is heated with 


cone. H2SO4. The solution of (A) in water forms a white 
precipitate (E) with calcium chloride solution. The precipitate 
(E) decolourises acidified KMn04 solution. 

Identify (A) to (E) and explain reactions. 

57 . (i) A black coloured compound (B) is formed on passing 

hydrogen sulphide through the solution of (A) in NH4OH. 

(ii) (B) on treatment with aqua-regia gives (A). 

(iii) TTie solution of (A) is treated with excess of sodium 
bicarbonate and then with NaOH and bromine water. No 
apple green colour is observed. The solution is heated, 
when a black precipitate (C) is obtained. 

(iv) (A) on treatment with potassium cyanide gives a buff 
coloured precipitate which dissolves in excess of this 
reagent forming a compound (D). 

- - - Identify^ (A> to (^) and give chemical equations for 
^ _rea cti o ns^at-steiSd(^:^Od6v)ii===:-=====^==-'===^=^'^^ 

58 . Explain with proper reasoning : 

(i) The aqueous solution of ferric chloride cannot be stored. 
It is always acidified with hydrochloric acid. 

[Hint : Ferric chloride is a salt of weak base and a strong acid. 
Its hydrolysis occurs readily with the formation^of 

Fe(OH)3 ppt .. 

FeCl3 + 3H2O ^ Fe(OH)3 + 3 HC 1 
The addition of HCl prevents hydrolysis.] 

(u) The aqueous solution of FeCl3 possesses yellow colour, 
but the colour becomes green on passing H2S gas. 
[Hint 1 Reduction of FeCl3 occurs into ferrous chloride which 

gives green coloured solution. 

2 Fea 3 + HaS-> 2 FeCl 2 + 2 HC 1 + S] 

Yellow Green 

(Iii) The aqueous solution of K2Cr207 is orange. On adding 
an alkali, it turns yellow. 

imm : In presence of alkali, dichromate changes to chromate, 
Q2O7' + 20 ir - 2 CrO|' + H2O] 

Orange Yellow 

(iv) In the test of oxalate, the evolved gas bums with blue 
flame only initially. 

[Hint : CO is evolved along with CO2.CO bums with blue 
flame while CO2 prevents its burning. 

H2C2O4 H2O + CO + CO2 

CO diffuses faster than CO2, Once CO bums with 
blue flame, it is put off by CO2 which diffuses later.] 

(v) Why yellow ammonium sulphide is used in group (II) 
sulphides separation? 

[Hint : Yellow ammonium sulphide possesses excess of free 
sulphur. It combines with stannous sulphide (SnS) to 
convert it to stannic sulphide (SnS2) which forms 
soluble complex with (NH4)2S, 

SnS + S —> SnS2 

SnSa 4 - (NH4)2S-> (NH4)2SnS3] 

Note : In case, tin compound is not present in the mixture, 
ordinary ammonium sulphide can be used instead of yellow 
ammonium sulphide. 

(vi) Why zinc sulphide is not precipitated when H2S is passed 
through ZnCl2 solution? 

[Hint : The reaction of ZnQ2 and H2S produces HCl which 
dissolves ZnS, 

ZnCl2 + H 2 S 


ZnS + 2 HC 1 ] 
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(vii) CaS04 is insoluble but is not precipitated when excess 
of {NH4)2S04 is added to CaCl2. 

[Hint : The precipitate of CaS04 dissolves in (^4)2804 
forming a complex (double sulphate). 

CaS04 H- (NH 4 ) 2 S 04 -> (NH4)2Ca(S04)2] 

Soluble 

(viii) Why(NH4Cl + NH40H) and not [(^4)2804 + NH4OH] 
is used in group (III) analysis? 

[Hint : The presence of sulphate ions brings precipitation of 
various basic ions such as Sr^^, etc.] 

(ix) Why is it necessary to add few drops of cone. HNO3 to 
the filtrate of group (II) before the use of NH4CI + 
NH4OH? 


G.R.B. Inorganic Chemistry for Competitions 

[Hint : The addition of few drops of cone. HNO3 serves two 
purposes. 

(a) It precipitates the dissolved H2S. 

(b) It converts ferrous ion into ferric ion if iron is 
present.] 

(x) Why NaOH cannot be used to separate Al(OH)3 and 
Zn(OH)2? 

[Hint : Both the hydroxides dissolve in NaOH. 

A1(0H)3 + NaOH-> NaA102 + 2H2O 

Soluble 

Zn(OH)2 + 2NaOH-> Na2Zn02 + 2H2O] 

Soluble 



Answers ^ Subjective Type Questions 

18 . PbCl2; AgCl; Hg2Cl2, PhCb is soluble in hot water. 

21 . PbS04 is soluble in ammonium acetate ( 3 %). 

PbS04 + 2GH3COONH4-> Pb(CH3COO)2 + (NH4)2S04 

AgCl is soluble in ammonium hydroxide. 

AgCl + 2NH4OH-> Ag(NH3)2Cl + 2H2O 

BaS04 is boiled with concentrated solution of sodium carbonate. 
The barium carbonate is then dissolved in dil acetic acid. 

BaS04 Hh Na2C03 ——> BaC03 + Na2S04 

BaCOs + 2CH3COOH-> (CH3COO)2Ba + CO2 + H2O 

HgS is dissolved in aqua-regia. 

3 HgS + 2HNO3 + 6 HC 1 -> 3H^l2 + 2 NO + 3 S + 4H2O 

22 . (a) Lead salt + sodium sulphide. 

Pb(CH3COO)2 + Na2S->PbS + 2 CH 3 COONa 

Black 

(b) HgCla + 2 KI-> Hgla + 2 KC 1 

Red 

Hgl2 + 2 KI->K2Hgl4 

Soluble 

(c) AgN03 + NaCl-> AgCl + NaNOa 

White ppt. 

AgCl + 2NH4OH-> Ag(NH3)2Cl + 2H2O 

Soluble 

(d) Pb(N03)2 + 2 KI-> Pbl2 + 2KNO3 

Yellow ppt. 

28 . CdS and AS2S3. 

29 . (a) CUSO4 + 2NH4OH-> Cu(OH)2 + (NH4)2S04 

Cu(OH)2 + (NH4)2S04 + 2NH4OH->Cu(NH3)4S04 + 4H2O 

(b) 2BiCl3 -b 3Na2Sn02 + 6NaOH-> 2 Bi + 3Na2Sn03 + 6NaCl 

+ 3H2O 

(c) 2HgCl2 + SnCl2 -> Hg2Cl2 + SnCLj 

Hg2Cl2 + SnCla- > 2 Hg + SnCLi 

(d) SbQs + H2O-> SbCX:i + 2 HC 1 

31 . (c) A1(0H)3 dissolves in NaOH. 

A1(0H)3 + NaOH-> NaA102 -i- 2H2O_ 


] 

40 . (i) sulphate, (u) iumnqnijm salt,^ (iii) iodi de ( iv) reducing agent such 

as sulphite, SO2, sulphide, H2S, nitrite, etc., (v) ZnO. 

42 . (A) AgN 03 ; (B) NO2; (Q Ag; (D) (Q Ag 2 Cr 04 

43 . (A) BiCl3; (B) BiOCl; (O Bi2S3; (£>) HCl; (1) Eg^Ch 

44 . AlBr3 

45 . (A) Cr 203 ; (B) Na 2 Cr 04 ; (Q Na 2 Cr 207 ; (D) NaCr(S 04)2 l 2 H 20 

46 . BaCOs, SrC03 

47 . (A) NaNOs; (B) NaNOa; (Q O2; (D) N2; {E) NaCl; (F) N2O; 
(G) Na 2 S 04 

48 . (A)CaC204; (B) CaO; (C) CO; (D) CO2 

49 . (A) FeS 04 - 7 H 20 ; (B) FeS 04 ; (O FeS 04 N 0 ; (D) ¥^203; (E) 
SO2; (F) SO3 

50. NiS04 

51. CUSO4 

53 . (i) Na 2 B 4 O 7 - 10 H 2 O + H2SO4-> Na 2 S 04 + 4H3BO3 + SHaO 

H3BO3 + 3C2H5OH-> (C2H5)3B03 + 3H2O 

(A) (B) 

Boric acid Ethyl alcohol 

(ii) Na 3 P 04 + 12 (NH 4 ) 2 Mo 04 + 24 HN 03 ^ (NH4)3P04-12Mo03. 

Yellow ppt. (Q 

+ 2INH4NO3 + 3NaN03 + I2H2O 

(iii) 4 NaF + 2H2SO4 + SiOa-> SiF4 + 2Na2S04 + 2H2O 

m 

3 SiF 4 + 4H2O-> 2 H 2 SiF 6 + H4Si04 

m m 

White 

(iv) K2Cr207 + 4 KCi + 3H2SO4 ^ 2Cr02Cl2 + 3K2SO4 + 3H2O 

m 

C1O2CI2 + 4 NaOH-> Na2Cr04 + 2 NaCl + 2H2O 

if) (G) 

Na 2 Cr 04 + (CH3COO)2Pb-> PbCr 04 + 2CH3COONa 

(G) (H) 

55. (A) MnOa ; (B) K2Mn04 ; (O KMn04 ; (D) CI2 

56 . (A) (mdiCiOA ; (B) NH3 ; (Q CO2 ; (D) CO ; {E) €^€204 

57. (A) NiCl2 ; (B) NiS ; (Q Ni203 ; (D) K2Ni(CN)4 
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lUUSWWm OF OBJECTIVE QUESTIONS 


1 . A salt made of bivalent ions X and F, each of which is capable 
of decolourising acidified KMn04 solution. The salt is likely 
to be: 

(a) stannic chloride (b) ferric sulphate 

(c) ferrous sulphate (d) ferrous oxalate 

Am. (d) 

[Hint : Ferrous oxalate consists of Fe^ and €204^ ions. Both act 
as reducing agents and decolourise acidified KMn04 
solution. 

2MnOi + 16H^ + lOFe^”"-> 2Mn^^ + lOFe^-^ + 8 H 2 O 

2 MnOj + IbH'' + 5C20f~ -> +dOC02 + 8H2O] 

2 . Which of the following salt will evolve sulphur dioxide gas 

along with formation of^eUowish^torWdity whejnJxea^^^ - 

'~^~"dnuteH2SQ 4? ^.L—II-_ 

i^~Sodium sulphite 
(c) Sodium thiosulphate (d) Sodium sulphate 
Ans. (c) 

[Hint : Na2S203 is decomposed by dilute H2SO4 giving free 
sulphur and evolving SO2 gas. 

Na2S203 + H 2 SO 4 -> Na2S04 + S + SO 2 + H 2 O] 

(Yellowish 

turbidity) 

3 . A colourless salt gives white precipitate with CaCl2 solution. 
The salt also decolourises acidified Mn04 with effer¬ 
vescence. On reaction with cone. H2SO4, the salt gives a 
colourless gaseous mixture containing : 

(a) C0,C02 (b) C02,S02 

(c) C02,H2S (d) CO,S02 

Ans. (a) 

[Hint : The colourless salt is an oxalate which on reaction with 
cone. H2SO4 gives a gaseous mixture CO and CO2. The 
salt gives a white ppt. with CaCl2 solution and 
decolourises acidified KMn04 solution. 

CiOj- + -> CaC204; 

5 C 2 OI- + 16H+ + 2Mn04-> 2Mn2+ + IOCO 2 + SHjO; 

C 2 OI- + 2H+-^ CO + CO 2 + H 2 O] 

4 . Aqueous solution of a salt + MgS04 solution-^ no ppt. 

in cold —^ a white ppt. appears. The salt contains 
the acidic radical: 

(a) CDI”- (b) HCOJ 

(c) SO^ (d) C2OI- 

Ans. (b) 

[Hint : Bicarbonate ion does not give ppt. with MgS04 in cold 
but on heating, a white ppt. appears. 

+ 2 HCO; —^ Mg(HC03)2^^2L^MgC03+C02 + HjO ] 

Soluble White ppt, 

5 . Which of the following is formed when CO2 gas is passed 
through an aqueous solution of sodium chromate? 


(a) Cr(OH)3 is precipitated 

(b) Yellow solution of Cr2(C03)2 is formed 

(c) Orange solution of Na2Cr207 is formed 

(d) No reaction 
Ans. (c) 

[Hint : CO2 makes the solution acidic. Under acidic conditions, 
Na2Cr04 is converted into Na2Cr207.] 

6. In the reactions, 

K2Cr207 +KCl+Conc. H2SO4 
A is reddish brown gas soluble in NaOH forming B. A and B 
are: 

(a) Ci02Cl2,Na2Ci04 (b) Ci02Cl2,Na2Cr2Q4... . 

- -(hf Cr02a2, Na2Cr207.(dT CrO^ a. Na 9 C t 04 _ 

- 

[Hint : K 2 Cr 207 + 4 KC 1 + 6 H 2 SO 4 -> 

6KHSO4 + 2Cr02Cl2 + 3H2O 

Reddish 
brown gas 
(A) 

Cr02a2 + 4 NaOH-> Na2Gr04 + 2 NaCl + 2H2O 

(fi) 

7 . AS2S3 dissolves in a solution of yellow ammonium sulphide 
to give: 

(a) (NH4)2 As 02 (b) (NH4)3 AsS3 

(c) (NH4)3 AsS 4 (d) (NH4)3 AsS5 

Ans. (c) 

' [Hint r AS2S3 + 2(1^4)282 —AS2S5 + 20 ^ 4 ) 2 ^ 

AS2S5 + 3 (NH 4 ) 2 S —^ 2(NH4)3AsS4 ] 

Ammonium thioarsenate 

8. Which of the foUowing sulphide is completely precipitated 
only when the acidic solution is made dilute? 

(a) HgS (b) PbS 

(c) CuS (d) CdS 

Ans. (d) 

9 . Which of the following compound on reaction with NaOH 
and Na202 gives yellow colour? 

(a)Cr(OH)3 (b) Zn(OH)2 

(c) A1(0H)3 (d) None of these 

Ans. (a) 

[Hint : 2Cr(OH)3 + 3 [ 0 ] + 4 NaOH-> 2Na2Cr04 + SHaO] 

(From Na202) 

10 . In group V, (NH4)2C03 is added to precipitate out carbonates. 
In place of (NH4)2C03, why Na2C03 cannot be used because: 

(a) CaC03 is soluble in Na2C03 

(b) MgC03 will be precipitated 

(c) Double carbonates are precipitated 

(d) None of the above 
Ans. (b) 
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OBJeCTIVe QU€STIONS 


Note : Choose the correct answer out of given alternatives for each question. 




Which of the following gives a suffocating gas when treated 
with dilute HCl? 

(a) carbonate □ (b) sulphite □ 

(c) sulphate □ (d) borate □ 

The acidic solution of a salt produces blue colour with KI 
starch solution. The salt may be: 

(a) sulphite □ (b) bromide □ 

(c) nitrite □ (d) chloride □ 

Sulphite on treatment with dil. H2SO4 liberates a gas which: 

(a) turns lead acetate paper black □ 

(b) -bums with-blue_ilame _ □ 

-(c)-^ntellsTike_ 3 ^inega^ _ □ 

(d) turns acidified K2Cr207 paper green 

In the ring test for nitrates, the ring formed is due to: 

(a) FeS04 NO □ (b) FeS04 N02 □ 

(c) Fe(N03)3 □ (d) Fe2(S04)3-N0 □ 

Violet vapours are given out when.is treated with 

cone. H2Sd4. 

(a) bromide □ (b) iodide □ 

(c) chloride □ (d) nitrate □ 

Oxalate + Mn02 + dil. H2SO4->Gas. The gas evolved is: 

(a) CO2 □ (b) CO □ 

(c) SO2 □ (d) O2 □ 

When a mixture containing phosphate is heated with cone. 
HNO3 and ammonium molybdate solution, a canary yeUow 
precipitate is formed. The formula of the yellow precipitate 
is: 

(a) (NH4)3P04 □ 

(b) (NH4)3P04-12 Mo04 □ 

(C) (NH4)3P04- I 2 M 0 O 3 □ 

(d) (NH4)3*P04-(KH4)2 ’Mo04 □ 

Cone. H2SO4 is put into two test tubes ‘A’ containing a 
nitrate salt and ‘B’ containing a bromide salt and the contents 
are heated to evolve reddish brown gases which were passed 
through water. Water will: 

(a) turn yellow by gas coming from test tube ‘A’ □ 

(b) turn brown by gas coming from test tube ‘A’ □ 

(c) turn blood red by gas coming from test tube ‘B’ □ 

(d) turn yellow by gas coming from test tube ‘B’ □ 

[Hint : Bromine gas coming from test tube ‘B’ turns the water 

brownish yellow.] 

The colour developed, when sodium sulphide is added to 
sodium nitropmsside is: 

(a) violet □ (b) yeUow □ 

(c) red □ (d) black □ 

A gas is evolved which bums with blue flame when the 
mixture is heated with cone. H2SO4. The mixture contains: 
(a) carbonate □ (b) oxalate □ 

(c) nitrate □ (d) nitrite □ 


Aqueous solution of A gives yellow precipitate with aqueous 
solution of K2C1O4. Which of the following series of cations 
may be present in ‘A ; 

(a) Pb^+, Ag"" □ (b) Pb^+, □ 

(c) Ag+, □ (d) Hg^^ Ag+ □ 

Mercurous chloride turns black on treatment with ammonium 
hydroxide. This is due to the formation of: 

(a) Hg(NH2)Cl □ (b) Hg2a2-NH40H □ 

(c) Hg and HgNH2Cl □ (d) HgCl2-NH40H □ 

A light yellow precipitate is formed in the second group of 
the^quaUtative^analysis-on passing R2S-®^®J^^iten no xadic^ 
-of-secon(L-groupJ.S-present._This_is_due^jo_die presence of 
.in the mixture. 

(a) phosphate □ (b) acetate □ 

(c) oxalate □ (d) nitrate □ 

An orange precipitate in the second group is given by: 


(a) Sbr"" ^ □ (b) Sn^"" □ 

(c) Hg^'' □ (d) ~As^'' " □ 

A precipitate of which of the following would be obtained 
when HCl is added to a solution of stannous sulphide (SnS) 
in yellow ammonium sulphide? 

(a) SnS □ (b) SnS2 □ 

(c) (NH4)2SnS2 □ (d) Sn2S3 □ 

On heating a mixture of NaCl, K2Cr207 and cone. H2SO4 
which of the following is formed? 

(a) Cra3 □ (b) Cr02Cl2 □ 

(c) CI2 □ (d) NaC102 □ 

On adding water to BiCl3 solution in HCl, the compound 
formed is: 

(a) Bi203 □ (b) Bi(OH)3 □ 

(c) BiOCl □ (d) BiOa2 □ 

Ferric ion forms a pmssian blue coloured precipitate with 
K4[Fe(CN)6] due to the formation of: 

(a) K3Fe(CN)6 □ (b) Fe4[Fe(CN)6]3 □ 

(c) Fe(OH)3 □ (d) KFe[Fe(CN)6] □ 

The sulphide which is insoluble in 30 % HNO3 is: 

(a) HgS □ (b) CuS □ 

(c) PbS □ (d) CdS □ 

The basic radical which is tested by the reagent and also 
used for the test of phosphate is: 


(a) □ (b) Sn^"" 

(c) Sb^"" □ (d) As^"" 

NiS is separated from ZnS by treating with: 

(a) NaOH 

(b) cone. HCl 

(c) yellow ammonium sulphide 

(d) aqua-regia 
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22 . Manganese salt + Pb02 + cone. HNO3 ^-^The solution 
acquires purple colour. The colour is due to: 

(a) HMn04 □ (b) a lead salt □ 

(c) Mn(N03)2 □ (d) H2Mn04 □ 

23 . Cobalt salt + KNO2 + CH3COOH ^Yellow ppt. The 
yellow precipitate is: 

(a) potassium cobaltonitrite □ 

(b) potassium cobaltinitrite □ 

(c) cobalt nitrite □ 

(d) cobalt nitrate □ 

24 . The group reagent for the V group radicals is: 

(a) (NH4)2C03 □ (b) (NH4)2S04 □ 

(C) NH4a □ (d) (NH4)2C204 □ 

25 . Dimethyl glyoxime is used for the test of..... in 

alkaline medium: 

(a) cobalt □ (b) zinc _ _ 

--fc)Tnanganese ^ Q ^( 3 ) nicfel □ 

solution in the analysis of b^^ic radicals because : 

(a) it is a strong oxidising agent □ 

(b) it is a strong reducing agent □ 

(c) it forms insoluble sulphates with some of the basic 

radicals □ 

(d) it decomposes many of the anions □ 

27 . Which of the following sulphides is yellow? 

(a) ZnS □ (b) CdS □ 

(c) NiS □ (d) PbS □ 

28 . A gas is obtained by addition of dil. H2SO4 to a mixture which 
turns lead acetate paper black. It is: 

(a) SO2 □ (b) CO2 □ 

(c) H2S □ (d) NO2 □ 

29 . A mixture when rubbed with organic acid smells like vinegar. 
It contains: 

(a) sulphite □ (b) nitrate □ 

(c) nitrite □ (d) acetate □ 

30 . Soda extract is prepared by: 

(a) fusing soda and mixture and then extracting with water 

□ 

(b) dissolving NaHC03 and mixture in dil. HCl □ 

(c) boiling Na2C03 and mixture in dil. HCl □ 

(d) boiling Na2C03 and mixture in distilled water □ 

31 . The sulphides of which one of the following groups of 
elements are soluble in yellow ammonium sulphide: 

(a) As, Sb and Sn □ (b) As, Cd and Sn □ 

(c) Cd, Cu and Bi □ (d) Hg, Cu and Cd □ 

32 . Which of the following precipitates is obtained on ^ding 

HCl to a solution of Sb2S3 in yellow ammonium sulphide ? 
(a) Sb2S3 □ (b) Sb2S5 □ 

(c) SbS2 □ (d) SbS □ 

[Hint : 2(NH4)3SbS4 + 6 HC 1 -> Sb2S5 + 6NH4CI + 3H2S] 

33 . When dimethyl glyoxime solution is added to an aqueous 
solution of nickel (II) chloride followed by ammonium 
hydroxide: 

(a) no precipitate is obtained □ 

(b) a blue coloured ppt. is obtained □ 


(c) a red coloured ppt. is obtained □ 

(d) a black coloured ppt. is obtained □ 

All ammonium salts literate ammonia when: 

(a) heated □ 

(b) heated with caustic soda □ 

(c) heated with H2SO4 □ 

(d) heated with NaN02 O 

Which of the following gives green colour to the flame? 

(a) CaC03 □ (b) NaQ □ 

(c) Sr(N03)2 □ (d) B^2 D 

Which one among the following is soluble in excess of 
NaOH? 

(a) Fe(OH)3 □ (b) Al(OH)3 □ 

(c) Ci<OH) 3 □ (d) Mn(OH)2 □ 

A white solid is first heated with dilute H2SO4 and then with 
conce ntrated H 2SO4. No, acUoiLis obseived^m either ease^ 

The solid contains:___ _ _ 

□ (b) sulphite □ 

(c) sulphate □ (d) thiosulphate □ 

In IV group analysis NH4OH is added before passing H2S 
gas because: 

(a) the sulphides of IV group are insoluble in NH4OH □ 

(b) the sulphides of other metals are soluble in NH4OH □ 


(c) the concentration of 


ions is high enough to 


precipitate the sulphides of TV group ^ □ 

(d) the sulphides of second group are soluble in NH40Hn 
A precipitate of calcium oxalate will not dissolve in: 


(a) acetic acid 

(c) HNO3 

Ethyl borate bums with: 
(a) yellow flame 
(c) blue flame 


(b) HCl 
(d) aqua-regia 

(b) green flame 
(d) ciiimon flame 


Which one of the following pairs of ions cannot be separated 
by H2S in dilute HCl? 

(a) , Sn'^ □ (b) , Hg^'^ □ 

(c) □ (d) Ni^+, □ 

Which of the following cations give precipitate on reaction 
withKI? 

(a) Ag^, Ca^^, □ (b) Hg^^, Ag^, Pb^+ □ 

(c) Na-", Ca^'", Mg^'" □ (d) Cu'^, Ni^+, Zn^”" □ 

The brown ring test is performed for the qualitative detection 
of: 

(a) bromides □ (b) iodides □ 

(c) nitrates □ (d) phosphates □ 

Which of the following do not respond to borax bead test? 


(a) Nickel salts 
(c) Cobalt salts 


□ (b) Copper salts 

□ (d) Aluminium salts 


Which compound does not dissolve in hot dil. HNO3? 

(a) HgS □ (b) PbS □ 

(c) CuS □ (d) CdS □ 

An aqueous solution of FeS04*Al2(S04)3 and chrome alum 
is heated with excess of Na202 and filtered. The materials 
obtained are: 

(a) a colourless filtrate and a green residue □ 
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(b) a yeUow filtrate and a green residue □ 

(c) a yellow filtrate and a brown residue □ 

(d) a green filtrate and a brown residue □ 

47 , The salt used for performing ‘bead test’ in qualitative 
inorganic analysis is: 

(a) K2S04-Al2(S04)3-24H20 □ 

(b) FeS04*(NH4)2S04*6H20 □ 

(c) Na(NH4)HP04-4H20 □ 

(d) CaS04-2H20 □ 

48 . The only cations present in a slightly acidic solution are 
Fe^"^, Zn^"^ and Cu^"^. The reagent which when added in 
excess to this solution would identify and separate Fe^"^ in 
one step is: 

(a) 2 MHCl □ (b) 6MNH3 □ 

. (c). 6 M NaOH_ □ (d) HjS gas □ 

4 ?-_ Concentt^ed aqueous sodium hydroxide can separate a 


mixture ofi 
(a) Al^'^ and Sn^ 


□ (b) and Fe^'^ □ 

□ (d) and Pb^'^ □ 

50 . Which one is not the interfering radical? 

(a) PO^ □ (b) BOj" □ 

(c) F“ □ (d) SO^ □ 

51 . The metal ion which is precipitated when H2S is passed with 

HCl: [C.P.M.T. 20011 


(c) Al^'^ and Zn^^ 


(a) Zn^ 


2+ 


□ (b)Ni^^ □ 

(c) Cd^'^ □ (d) Mn^'^ □ 

52 . Which of the following metal sulphides has maximum 
solubility in water? [A.LLM.S. 2001] 

C,p=l0-^ □ (b)CdSK,p. 


(a) HgS = 10 “^'* □ (b) CdS - 10 “^° □ 

(c) FeS /Qo = 10 “^ □ (d) ZnS = 10 ”^^ □ 


53 . The phenomenon in which white transparent crystal changes 

into white powder is called: [A.LLM.S. 2001] 

(a) Deliquescence □ (b) Efflorescence □ 

(c) Allotropy □ (d) Sublimation □ 

54 . The compound formed in the borax bead test of Cu^"^ ion in 

oxidising flame is: [P.M.T. (Manipal) 2001] 

(a) Cu Cl (b) CuB02 □ 

(c) Cu(B 02)2 n (d) none of these □ 

55 . A gas ‘X’ is passed through water to form a saturated 

solution. The aqueous solution on treatment with the AgN 03 
gives a white precipitate. The saturated aqueous solution also 
dissolves magnesium ribbon with evolution of a colourless 
gas ‘F. Identify and ‘T’: [I.LT. (S) 200]] 

(a) X = C 02 , y=Cl 2 □ (b) X=Cl 2 , F=:C 02 □ 

(c) x=CI2, y = H2 □ (d) x=H2, y=CI2 □ 

56 . An aqueous solution of a substance gives a white precipitate 
on treatment with dil. HCl which dissolves on heating. V»lien 
H 2 S is passed through the hot acidic solution, a black 
precipitate is obtained. The substance is : [LI.T. (S) 2002] 


(a) Hgf salt 


□ (b)Cu^‘'salt 


□ 

(c) Ag''’ salt □ (d) Pb^'*' salt □ 

57 . Identify the correct order of solubility of Na2S, CuS and ZnS 
in aqueous medium: [I.I.T. (S) 2002 ] 


(a) CuS > ZnS > Na2S □ (b) ZnS > Na2S > CuS □ 

(c) Na2S > CuS > ZnS □ (d) Na2S > ZnS > CuS □ 

58. When H2S gas is passed through the HCl containing 

aqueous solution of CUCI2, HgCl2, BiCl3 and C0CI2, it does 
not precipitate out: [P.M.T. (M.P.) 2002 ] 

(a) CuS □ (b) HgS □ 

(c) Bi2S3 □ (d) CoS □ 

59. In borax bead test which compound is formed? 

[C.B.S.E., P.M.T, 2002 ] 
(a) Orthoborate □ (b) Metaborate □ 

(c) Double oxide □ (d) Tetraborate □ 

60 . Mark the correct statement: [P.M.T. (M.P.) 2002 ] 

(a) I group basic radicals precipitate as chlorides □ 

(b) IV group basic radicals precipitate as sulphides □ 

(c) V group basic radicals precipitate as carbonates □ 

- (d) Ah the_ above- statements are con __ 

- 61 . Potassium chromate solution is an aqueous solution 


of a metal chloride. The precipitate thus obtained are” 
insoluble in acetic acid. These are subjected to flame test 
the colour of the flame is: [P.M.T. (Manipal) 2002] 

(a) IQac □ (b) apple green □ 

(c) crimson red □ (d) golden yeUow □ 

62. Consider the following observation: — 

+ HCl-> white precipitate ^ > water soluble. The 

metal ion will be : [D.P.M.T. 2002] 


(a) Hg‘ 
(c) Pb' 


2+ 


2+ 


□ 

□ 


(b) Ag" 
(d) Sn 


2+ 


□ 

□ 


9 + 

63 . When H2S is passed through Hg2 , we get: 

[A,I.E.E.E.2002] 

(a) HgS □ (b)HgS+Hg2S □ 

(c)HgS + Hg □ (d)Hg2S □ 

64 . How do we differentiate between Fe^"^ and Cr^"^ in group III? 

[A.I.E.E.E. 2002] 

(a) By adding excess of NH4OH solution □ 

(b) By increasing NH4 ion concentration □ 

(c) By decreasing OHT ion concentration □ 

(d) Both (b) and (c) □ 

65 . In Nessler’s reagent for detection of ammonia, the active 

species is: [P.M.T. (Kerala) 2003] 


□ (b)Hg 


.2+ 


□ (cl)Hgll- 


□ 

□ 


(a) Hg2a2 
(c) Hg2l2 
(e) Hg2l^“ □ 

66. Which of the following statements is correct? 

[A.LE.EJE.2003] 

(a) Manganese salts give a violet borax bead test in reducing 

flame □ 

(b) From a mixed precipitate of AgCl and Agl, ammonia 

solution dissolves only AgCl □ 

(c) Ferric ions give a deep green precipitate, on adding 

potassium ferrocyanide solution □ 

(d) On boiling the solution having Ca^"^ and HCO5 ions 

we get a precipitate of K2Ca(C03)2 □ 

67 . A red solid insoluble in water. However, it becomes soluble, 
if some KI is added to water. Heating the red solid in a test 
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tube, results in liberation of some violet coloured fumes and 
droplet of a metal appear on cooler part of the test tube. 
The red solid is: [AJ,EJ:.E. 2003 ] 

(a) Pb304 □ (b) Hgl2 □ 

(c)HgO □ (d) (NH4)2Cr207 □ 

68 . Which of the following is false ? . 

(a) In Vth group, K2Cr04 is used for the test of □ 

(b) Ammonium sulphate can be used in place of NH4CI in 

nird group □ 

(c) Lime water is used for the test of COf" , ^ □ 

(d) Ammonium thiocyanate can be used in the detection of 

apd Fe^"^ ions □ 

69 . When H2S gas is passed in a metal sulphate solution in 

presence of NH4OH, a white precipitate is produced. The 
metal is identified as: [C.P.MX 2003 ] 

(a) Zn □ (b) Fe □ 

(e) Pb □ td) Hg □ 

70. In- the test for iodine; when Tf is- treated with sodi^ 
thiosulphate, Na2S203: 


Na2S203 +12-> Nal + ... [B.H.U. 2003 ] 

(a) Na2S406 . □ (b) Na2S04 □ 

(c) Na2S □ (d) Na3lS04 □ 

71 . Which of the following sulphides is yellow in colour? 


[PJVI.X(M,E) 2005 ] 

(a) CuS □ Cb) CdS □ 

(c) TmS □ (d) CoS □ 

72 . Brown ring in the test of ND3 is formed due to the formation 

of: [PM.T,(M.K) 2005 ] 

(a) FeS04-NO □ (b) [Fe(S04)2*N0].a20 □ 

(c) Fe2(S04)3*N0 □ (d) none of these □ 

73 . Which of the following basic radicals wOl not be precipitated 

by H2S gas in the presence of NH3? / [Jamia 2004 ] 
(a) □ (b) Ni^-^ ■ □ 

(c) □ (d) □ 

74 . Which of the following is not soluble in NaOH? 

. lEMX(PuHjab) 2005 ] 


75 . 


76 . 


(a) Fe(OH)3 □ 

(c) A1(0H)3 □ 

Nessler’s reagent is : 

(a) NaHgCLi □ 

(c) Hg(NH3)2a □ 


(b) Zn(OH)2 □ 

(d) Sn(OH)2 □ 

[EM.T.{Raj.) 2005 ] 
(b) K 2 Hgl 4 □ 

(d) K2Hgl4 + KOH □ 


If Fe^^ and Cr^'*’ both are present in group EU of qualitative 

analysis, then distinction can be made by : 

[Jaiiiia(Engg.) 2005] 

(a) addition of NH4OH in presence of NH4CI, when only 

Fe(OH)3 is precipitated □ 

(b) addition of NH4OH in presence of NH4CI, when Cr(OH)3 

and Fe(OH)3 both are precipitated and on adding Br2 
water and NaOH, Cr(OH)3 dissolves □ 

(c) precipitates of Cr(OH)3 and Fe(OH)3 as obtained in (b) 
are heated with cone. HCl, when only Fe(OH)3 dissolves 

□ 

(d) (b) and (c) both are correct ' " □ 


w\z 

77 . To a metal nitrate, when KI solution is added, a black pr^i- 
pitate is produced at first, on adding excess of KI orange 


solution is produced. Identify the metal ion: (l.LT. 2005 ] 

(a)'Hg^'" □ (b)Bi^‘' □ 

(c) □ (d) Pb^^- ■ □ 

78 . When calomel reacts with NH4OH solution, the compound 

formed is: [B.C.E.C.E. (Medical) 2005 ] 

(a) NH2(Hg)a O (b) Hg2a2NH3 □ 

(c) Hg{NH3)2a2 □ (d)Hga2NH3 □ 

79 . The brown ring test for nitrates depends on: 

(a) the reduction of nitrate to nitric oxide □ 

(b) oxidation of nitric oxide to nitrogen dioxide □ 

(c) reduction of ferrous sulphate to iron □ 

(d) oxidising action of sulphuric acid □ 


80 . The formula of the compound which gives violet colour in 

Lassaigne’s test for sulphur with sexiium nitrqprusside^s;_ 

. '. .[EMX’ (Kerala)' 2006 ] 

-(a) l^a4[F^CN)iSr “ ” □ M ' □ 

(c) Na4[Fe(a'05NOS] □ (d) Na2[Fe(CN)5NOS] □ 

81 . MgS04 on reaction with NH4OK and Na2HP04 forms a white 

crystalline precipitate. What is its formula? [LI*T. 2006 ] 
(a) Mg(NH4)P04 □ (b)Mg3(P04)2 □ 

(c) MgGlrMgS04 □ (d) MgS04 -* “ “ . 

[Hint : MgS04 + ]SrH40H + Na2HP04-^ 

Mg(NH4)P04 + Na2S04 + H2O] 
(white ppt.) 

82 . A solution when diluted with water and boiled, gives a white 

precipitate. On addition of excess of NH4CI/NH40H, the 
volume of precipitate decreases leaving behind a white 
gelatinous precipitate. Identify the precipitate which 
dissolves in NH4OH/NH4CI: [LLX 2006 ] 

(a) Zn(OH)2 □ (b) Al(OH)3 □ 

(c)Mg(OH)2 □ (d)Ca(OH)2 □ 

, [Hint : Zn,^"^ + 4NH4OH -> [Zn{NH3)4]^^ + 4H2O] 

83 . A sodium salt of unlaiown aniqn when treated with MgCl2 
giv^ white precipitate only on boiling. The anion is: 


[IJ.T 2004] 

(a) SO5- □ (b) HCOi □ 

''(c) ebi" □ (d) NOi □ 

[Hint : MgCl2+2NaHC03—^ Mg(HC03)2-^MgCO3 ] 

Soluble ppt. 

84 . Iron is precipitated as Fe(OH)3 in the third group and not as 
Fe(OH)2 because: 

(a) Fe(OH)2 is light gmen □ 

(b) Fe(OH)3 is reddish brown □ 

(c) Fe(OH)2 is partially soluble and is not completely 

precipitated □ 

(d) Fe(OH)2.is oxidant □ 

85 . From the following information, 


X + H2SO4—> F(a colourless and irritating gas) 

Y •+ K2Cr207 -h H2SO4- > (Green coloured solution) 

Identify the pair X and Y from the list given below: 

(a) cr,HCl □ .(b)S^-H2S 

. (c) CO3-, CO2 □ (d) SO|-, SO2 


□ 

□ 
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86 . 


87 . 


pfint : SOf + H2SO4 - 

H2SO4 + 3SO2 ■ 


(a) Zn^"'’ ions 


so|- 


(c) Fe^'*’ ions 


88 . 


89 .- 


90 . 


+ SO2 + H2O 

K2SO4 + Cr2(S04)3 + H2O] 
Green 

K4Fe(CN)6 is not used for the detection of: 

□ (b) ions □ 

□ (d) Fe^"^ ions □ 

When H2S ‘ gas is passed through the HCl containing 
aqueous solution of CuCl2, HgCl2, BiCl3 and C0CI2, it does 
not precipitate out: [A J.I.M.S. 2 (M 17 ] 

(a) CuS □ (b) HgS □ 

(c) Bi2S3 □ (d) CoS □ 

A metal salt solution forms a yellow precipitate with sodium 
chromate solution and a white precipitate with sodium 
sulphate solution. However, it gives no precipitate with 
sodium chloride or iodide solution. The metal salt is: 

(a) Pb(N03)2 □ (b) Ba(N03)2 □ 

■(c) “AgNO^ □ td)“ iiotte- o^these rS 

A certain lighlrgreen salt gives ammonia-^on-heating-with 
NaOH solution. Its aqueous solution gives white precipitate 
with barium chloride solution. Aqueous solution also shows 
the presence of Fe(II) ion. The salt is likely to be: 

(a) ferrous sulphate □ (b) Mohr’s salt □ 

(c) ferric alum.□ (d) potash.alum. □ 

A solution of a metal ion when treated with KI gives a red 
precipitate which dissolves in excess of KI to give a 

colourless solution. Moreover, the solution of metal ion on 
treatment with a solution of cobalt(II)thiocyanate gives rise 
to deep blue crystalline precipitate. The metal ion is: 

[IXT. 2007] 
□ 
□ 


(a) Pb^"" 

□ 

(b) 

(c) 

□ 

(d) 

[Hint : 

Hg"^ + 2r- 

Hgl2 

Red ppt. 


Hgl2 + 2 KI — 

K2Hgl4 

Soluble 


+ Co(SCN)2 — 

Co[Hg(SCN)4] 
Deep blue ppt. 


91 . 


92 . 


93. 


In the brown ring test, the brown colour of the ring is due 
to: [CX-T. (Karnataka) 2008 ] 

(a) a mixture of NO and NO2 □ 

(b) jiitrosoferrous sulphate □ 

(c) ferrous nitrate □ 

(d) ferric nitrate □ 

When KI is added to acidified solution of sodium nitrite: 

(W.B.) 2008 ] 

(a) NO gas is liberated and I2 is set free □ 

(b) N2 gas is liberated and HI is produced □ 

(c) N2O gas is liberated and I2 is set free □ 

(d) N2 gas is liberated and HOI is produced □ 

[Hint : 21 ” + + 2NO2-> 2 NO + I2 + 2H2O] 

Fe(OH)3 can be separated from Al(OH)3 by the addition of: 

yjELE, 20081 

(a) NaCl solution □ (b) dil. HCl solution □ 

(c) NaOH solution □ (d) NH4CI and NH4OH □ 


94 . The brown ring test for nitrates depends on: 

[A.F.M.C. 2008 ] 

(a) the reduction of nitrate to nitric oxide □ 

(b) oxidation gj^nitric oxide to nitrogen dioxide □ 

(c) reduction of ferrous sulphate to iron □ 

(d) oxidising action of sulphuric acid □ 


95 . S" 


and SO3 


can be distinguished by using: 

[A.IJJV1.S. 2008] 

(a) (CH3COO)2Pb □ (b) Na2[Fe(CN)5NO] □ 

(c) both (a) and (b) □ (d) none of these □ 

96 . In which of the following ammonia is not used? 

[CXX (Karnataka) 2009] 

(a) Nessler’s reagent □ 

(b) group reagent for analysis of IVth group basic radicals 

□ 

(c) group reagent for analysis of Bird group basic radicals 

_ □_ 

_ (d) To U ens r eagent_ n_ 

97 . The incorrect statement in respect of chromyl chloride test 

is : [C.E.T. (Karnataka) 2009] 

(a) formation of lead chromate □ 

(b) formation of chromyl chloride □ 

(c) liberation of chloride □ 

“(d) formation of fed vapoWs ' 


98 . 


Out of Cu^"^, Ni^"^, Co^"^ and Mn^"^ those dissolve in dil. HCl 
only one gives a precipitate when H2S is passed. Identify 
the corresponding one : [JJE.E. (Orissa) 20091 


(a) Ni 


.2+ 


□ (b) □ 

(c) Co^'" □ (d) □ 

A white crystalline salt A reacts with dilute HCl to liberate a 
suffocating gas B and also forms a yeUow precipitate. The 
gas B turns potassium dichromate acidified with dilute H2SO4 
to a green coloured solution C. A, B and C are respectively: 

[C.E.T (Karnataka) 2010 ] 


^2+ 


99 . 


(a) Na2S03, SO2, Cr2(S04)3 

(b) Na2S203, SO2, Cr2(S04)3 

(c) Na2S, SO2, Cr2(S04)3 

(d) Na2S04, SO2, Cr2(S04)3 


□ 

□ 

□ 

□ 


[Hint 


Na2S203+2HCl- 

(A) 


^ 2 NaCl + S 02 + S +H2O 


(B) 


Yellow 

ppt. 


H2SO4 + S02“ 


► Cr2(804)3 - 
(C) 


100 . A+CH3COOH-> B +CO2+H2O 

Soluble 

B + (NH4)2C204-> White ppt. 

A and B may contain : 


(a) Ni 
(c) Sr' 


.2+ 


□ (b) Ba' 

□ (d) Ca 


2+ 

2 + 


□ 

□ 


[Hint: CaC03+2CH3C00H— 

(A) 

Ca(CH3COO)2 +(NH4)2C204- 


► (CH3COO)2Ca+ CO 2 + H 2 O 
(B) 

CaC 204 + 2 CH 3 C 00 NH 4 ] 

White ppt. 
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1. (b) 

2. (c) 

3. (d) 

4. (a) 

"5.''(b) 

6. (a) 

7. (c) - 

j.':(d) 

9. (a) 

10. (b) 

11. (b) 

12. (c) 

13. (d) 

14- (a) 

15. (b) 

16. (b) 

17. (c) 

18. (b) 

19. (a) 

20. (d) 

21. (b) 

22. (a) 

23. (b) 

24. (a) 

25. (d) 

26. (c) 

27. (b) 

28. (c) 

29. (d) 

30. (d) 

31. (a) 

32. (b) 

33. (c) 

34 (b) 

35. (d) 

36. (b) 

37. (c) 

38. (c) 

39. (a) 

40. (b) 

41. (a) 

42. (b) 

43. (c) 

44. (d) 

45. (a) 

46. (c) 

47. (c) 

48. (b) 

49. (b) 

50. (d) 

51. (c) 

52. (c) 

53. (b) 

54 (c) 

55. (c) 

56. (d) 

57. (d) 

58. (d) 

59. (b) 

60. (d) 

61. (b) 

62. (c) 

63. (c) 

a. (d) 

65. (d) 

66. (b) 

67. (b) 

68. (b) 

69. (a) 

70. (a) 

71. (b) 

' ' 72. (a) 

73. (d) 

74 . (a) 

75. (b) 

76. (b) 

77. (b) 

78. (a) 

79. (a) 

80. (c) 

81. (a) 

82. (a) 

83. (b) 

84 (c) 

85. (d) 

86. (d) 

87. (d) 

88. (b) 

89. (b) 

90. (b) 

91. (b) 

92. (a) 

93. (c) 

94 (a) 

95. (c) 

96. (a) 

97. (c) 

98. (b) 

99. (b) 

100. (d) 
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Objective Questions for IIT ASPIRANTS 


Which of the following pairs of ions would be expected to 
form precipitate when their dilute solutions are mixed? - 
(a) Na^SOi" (b) NHtCOl" 


(a) Na'",SOi“ 
(c) Na'", 


(d) PO^ 


An orange precipitate in the second group is given by: 


(a) Sb-''' ‘ : (b) Sn^"'. 

(C) (d) 

^ jr 2+ ™ ^ conc.HN 03 i . 

Mn +Pb02-flight purple coloured solution 

contains: 

(a) HMn04 ' (b) Pb(N03)2 

(c) Mn(N03)2 ■ (d) H2Mn04 

f Fused with Na2C03 •(H2SO4+H2O) 

A A ) --- > {£>) ——^—:- ) 

. Qreen_solid___ _ __ __ _ _.. Xellow.___. 

solution 

: . ■ I (CH 3 COO) 2 Pb 

(D) Yellow ppt. 

Here, A, B, C'and D are respectively: 


/(A). 

Green_solid_ 


A' ^ B C P 

(a) FeS04 FeC03 Fe(OH)3 PbC03 

(b) Cr203 Na2Cr0^j Na2Cr207 PbCi04 , 

(c) FeCl2 FeS04 PbS04 Fe(OH)3 

(d) FeS04 Fea3 Fe(OH)3 , Pba2 

Which of the following carbonates do not give metal oxide 
on heating? - . . 

(a) CUCO3 ■ . ■ (b) Ag2C03 

(c) Na2C03 (d) MgC03 

The sulphide, which, is insoluble in 50 % HNO3 is : 

(a) HgS (b) CuS 

(c) 61283 ^ (d) PbS 

The ions which can be precipitated with both HCl and H2S ' 

are: 


(a) Pb^ 


(b) Cu^ 


(c) Ag" (d) Sn^" 

8 . Which of the following are soluble in water? 

(a) CaC204 (b) SrS04 

(c) Baa2 (d) (NH4)2C204 

9 . Salt of which of the following radicals will give brown fumes 
when treated with cone. HNO3? 

(a) NQ3 (b) Br“ 

(c)r (d)cr. 

10 . Which of the following halides are not soluble in water? 

;(a)AgCl " (b)AgBr 

(c) PbCl2 . (d)AgF 

11 . Aqueous solution of KI is used to detect: 

(a) ^ ■ ■ (b) Pb^^ 

, ■ (c) Ag^ (d) 

12 . Potassium chromate (K2Cr04) is used to identify: 

(a) Pb^-" (b) Ba^"" 


(c) Ag" 


(d) Ca^ 


[X] + H2SO4- > [Y] a colourless gas with irritating smell, 

[Y] + K2Cr207 + H2SO4—^ Green solution. [X] and [ 7 ] are: 


(a) SO3 and SO2 (b) CF and HCl 

(c) and H2S (d) COf” and CO2 

14. An aqueous solution containing Hg , Hg2 , Pb and Cd 

ions will give precipitates of.with HCl. 

\ • (a) Hg2Cl2 only (b) PbCl2 only 

(c) Hg2Cl2 and PbGl2, (d) HgCl2andPbCl2 

15 . A solution of salt/salts in HCl when diluted with water turns 
milky. It indicates the presence of : 

(a) Sn salt (b) Bi salt 

(c) Sb salt (d) Cu salt 

16 . Ammonium salt gives brown colour with alkaline solution of 
Messier’sj:eagent to-form iodide^ofMiUon^ base.-The^foHnula- 

of this c^nipound^ i^ - -- -— 

(a) NH2—Hg—O—Hg—I (b) NH2—O—Hg—Hgl 

(c) K2Hgl4 (d) NH2—Hg—I 

17. H2S gas is passed into zinc acetate and zinc chloride 
solutions in separate test tubes (I) and (II). The ZnS is 
precipitated in: 

(a)( 1 ) (b)(ID \ 

(e) both (d) none of these 

[Hint : ZnS is precipitated in weak acid or alkaline solution.] 

18. Which give/gives a black precipitate when H2S is passed 

through an acidic solution of ? * 

(a) Nickel acetate . (b) Copper acetate* 

(c) Cobalt acetate (d) Lead acetate 

19. Which of the following ions can be detected by flame test? 


(a) r 
(c) Ca^ 


(b) Ba^'^ 
(d) Mg2 


20 . Which of the following do/does not give borax bead test? 
■ (a) Mg^'" (b) Mn^'" 

/j\ r»u2-t- 


(c) Cu^'" 

A colourless salt ‘A’ 


(d) Pb 

MnOT/H"" . 


— -»Decolourisation of 

permanganate solution occurs 


-r-- X + y + Z; Z 

^ V-^ 

Gases 

G.isY-rB -> MilMness 

Gas X bums with blue flame. Mark the correct choice. 


A 

X 

y. 

z 

B 

(a) CaCOa 

CO 

CO2 

CaO 

Ca(OH)2 

(b) CaC204 

CO 

CO2 

CaO 

Ca(OH)2 

(c) CaC204 

C02 

CO 

CaO 

Ca(OH)2 

(d) CaOa2 

C12 • 

02 

CaO 

Ca(OH)2 

[Hint ; CaC204 —- 

CO + CO2 

+ CaO 

; 


(A) 

:CaO + H2O — 
Ca(OH)2 + CO2 


(X) (D (Z) 
Ca(OH)2 
(B) 

—> CaCOj + H2O ] 
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Cotic, H2SO4 


Colourless salt A’ 


Qi 


HCI 


Brown fumes 
Blue solution + metal ‘C’ 

White ppt. soluble in NH4OH 

The salt A’ is: 

(a) Cu(N 03)2 (b) PbCNOsb 

(c) AgNOs (d) Zn(N03)2 ' 

[Hint : lAgNOj + H2SO4 -4 Ag2S04 + 2NO2 + HjO + | O2 

Brown 

2 AgN 03 + Cu-> Cu(N 03)2 + 2Ag 

Blue 
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AgN 03 + HCI 


23 . NaCl + K2Cr207 + Cone. H2SO4 

CH3COOH 


^ AgCl + HNO3 ] 
White ppt. 
soluble in ^ili^OH 
Heat 




Yellow 


> Red coloured gas 

Dilute I 


PbCCHjCOOs solution solutiou 

The formula and colour of Y is : 

(a) Cr02Cl2, red ^ (b) Cr2(S04)3, green 

(c) PbO, yellow (d) PbCi04, yellow 

[Hint ; Chromyl chloride test] 


Hb (d)- 2 r (a) . 5 . (b^ ~ 8 :^ 3 ) ' lO. i(a,b,c) 

13 . (a) 14 . (c) 15 .(a,b,c) 16 . (a) . 17 . (a) 18 . (b,d) 19 . (a,b,c) 20 . (d) 21 . (b) 22 . (c) 


ll/(a,b,c) 12, {a,b,c). 
23 . (d) 


Matrix Matching Questions forllT Aspirants 


1 . 


2 . 


3 . 


4 . 


Match the reagents (LisM) with their uses (List-II): 

5. 

Match the metals in List-I with their flame colour in List-II: 

JList-I 

List-II 


List-I 

List-n 

. (Reagents) 

(Uses) 


(a) Lithium 

(p) Yiolet 

(a) Nessler’s reagent 

(p) Chromyl chloride test 


(b) Barium 

(q) Brick red 

(1^) 

(q) Prussian blue , test of 


(c) Calcium 

(r) Apple green 

(c) NaOH 

(r) Chocolate brown test of 


(d) Magnesium 

(s) Crimson red 

(d) K4[Fe(CN)6] ‘ 

(s) NHJ ion 



(t) No flame colour 

Match the radicals of LisM with their groups of List-II: 

6. 

Match the observations of List-I with inferences in LisMI: 

LIst-I 

List-n 


List-I 

List-n 

(a)- Pb^-" • 

(p) 1st group 


(a) Canary yellow precipitate 

(P) PO|- 

(b) 

(q) Zero group 


with ammonium molybdate 


(c) NHJ 

(r) 3 rd group 


(b) Ring test (Brown) 

(q) As^"^ 

(d) Al^ 

(s) 2nd ^oup 


(c) Acid radical decomposed 

(r) NOi 

Match the sulphates of List-I widi their properties of List-II: 


by dil H2SO4 


List-I 

List-n 


(d) Acid radical decomposed 

(s) N05 

(a) CuS 04 - 5 H 20 ' 

(p) Water insoluble 


by'**conc. H2SO4 


(b) PbS04 

(q) Water-soluble 

7. 

Match List-I with List-II 


(c) BaS04 

(r) Blue coloured 


List-I 

List-n 

(d) Ag2S04 

(s) Whife residue (in solid state) 


(Sulphides) 

(ColOur/group) 

Match the radicals of LisM with their group reagents of List-II: 


(a) HgS 

(p) 2nd groupqf basic radicals 

List-I 

■ Lfet-n 


(b) NiS 

(q) Buff-colour 

(a) Pb^^ 

(p) HoS 


(c) MnS 

(r) Dirty white 

(b) Co^-^ 

(q) (NH4CI + NH4OH) 


(d) ZnS 

(s) Black 

(c) 

(r) HCI 




(d) 

(S) (NH 4 ) 2 C 03 





1. (a~^s) (b-p) ; (c~s) (d-<i, f) 

2 . (a-p, s) (h-s) (c-q) . (d~-r) 

3 . (a-q, r) (b-p, s) (c-p, s) (d-q, s) 

4 . (a-p, r) (b^, p) . (c-q) (d-q, s) 


5. (a- 4 ) 


(b-r) 

(c-q) 

(d-t) 

6 . (a-p. 


(b-r, s) 


(d-r, s) 

7 . (a-p, 

S) 

(b-s) 

(C 41 ) 

(d-r) 


























918 


GR.B. Inoiganic Chemistry for Competitions 


Assertion-Reason Type Questions 


The following questions consist of two statements as 
Assertion (A) and Reason (R). While answering these questions 
choose coirectly any one of the following responses. 

(a) If both (A) and (Si) are true and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A)* 

(c) If (A) is true but (R) is false* 

(d) If (A) is false but (R) is true. 

(e) If both (A) and (R) are false. 

1 . (A) CdS and AS2S3 both have yellow colour and precipitated 

... by passing H2S through so lution in dilute HCL _ 

(R) Bc^can be sep^ated by yeUqw 
2 * (A) Sulphur dioxide turns acidified potassium dichromate 
solution green. 

(R) Sulphur dioxide is a reducing agent. It reduces acidified 
pot^sium dichromate into chromic compound which is 
gr^n in colour. 

3 r (A) “Onpnal“ solution basic radicals can be prepared in 

concentmted HNO3 or ojncentmted H2SO4. 


(R) Both the acids dissolve majority of inorganic salts, 

4 (A) Ammonium salts evolve ammonia when heated with 
NaOH. 

(R) Ammonium salts are soluble in water. 

5 . (A) Chloride is confirmed by chromyl chloride test. 

(R) Chlorine is evolved when chloride is heated with cone. 
H2SO4. 

6. (A) PbCl2 and Hg2Cl2 precipitates can be separated by hot 

water. 

(R) Aqueous solution of PbCl2 gives yellow precipitate with 
K2Cr04 solution. 

7 * (A) When CI 2 g as is pass^ into a mixture contaiiung Br"“ 
and I~ and CHCI3,12 (violet) fmi a pp ears in CHCig layer. 
(R) In excess of CI2 gas, violet colour disappears and CHQ3 
layer becomes brown. 

8 . (A) When H2S gas is passed into aqueous solution of ZnCl2, 
white precipitate of ZnS appears. 

(R) ZnS is insoluble in HCL 



1. (b) 2. (a) 3. (e) 4 (b) 5. (c) 6. (b) 7. (a) 8. (e) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 


Ag. NaOH 

V 

(E) 

Brown precipitate 


(B) 

Yellow 

precipitate 


(c) 

White 

precipitate 

NH4OH excess 

V 

Solution of (£)) 


Answer the following questions: 

1 . Compound (A) is: 

(a) CUSO4 (b) AgN03 

(c) FmOsh (d) Ca(N03)2 

2 . Yellow precipitate (B) is: 

(a) Agl (b) Pbl2 

(c) Cal2 (d) CH3I 

3 . White precipitate (C) obtained on treatment with aqueous 
solution of BaCl2, is: 

(a) BaS04 (b) AgCl 

(c) PbCl2 (d) Caa2 


4 The compound (D) obtained, when (C) dissolves in excess 
ofNH40Hwillbe: 

(a) AgOH (b) [Ag{NH3)2a] 

(c) Ag 20 (d) AgNOs 

S, Molecular formula of the compound is: 

(a) Ag 20 (b) Pb(OH)2 

(c) AgOH (d) C^ 0 H )2 

THOUGHT 2 

A bluish green coloured compound (A), on thermal 
decomposition gives two products (B) and (C). When H2 gas is 
passed through (B) under hot conditions then a metal (D) is 
obtained. Both (A) and (B) are insoluble in water. Compound (B) 
is black coloured and gives chocolate brown precipitate (E) on 
tmatment with K4[Fe(CN)6]. Compound (Q is colourless, 
odourless g^ and it turns limewate milky. 

Indicate whether following statements am true or false: 

1 . Compound (A) is CUCO3: 

(a) True 


(b) False 
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2 . The black salt (B) is PbS: 

(a) True (b) False 

3 . The gaseous compound (C) is CO2: 

(a) True (b) False 

4* The metallic element (D) is copper: 

(a) True (b) False 

5 . The chocolate brown precipitate (E) is of Fe4[Fe(CN)6]3: 
(a) True (b) False 

THOUGHT 3 . 

A mixture contains four gases CO2, SO2, O3 and O2. 
Following four reagents are given for the detection of these 
gases: 

(a) Lime water 

(b) Acidified potassium dichrgmate 

(c) F^rogaEoi 
"(d) Turp^tine oil 


Which of the following gases will turn limewater milky? 

(a) CO2 (b) SO2 

(c) O2 ^ (d) O3 

Which of the following gases will turn acidified potassium 

dichromate green? 

(a) CO2 (b) SO2 

(c) O2 (d) O3 

The gas which is absorbed in pyrogaUof is: 

(a) CCh (b) SO2 

(c) O2 (d) O3 

The gas which is absorl^d in turpentine oil, is: 

(a) 002 (b) SO2 

(c) O2 (d) O3 

The gas which developes cracks in rubber, is: 

(a) O2 (b) O3 

-i(c)-e02-.:...---.(d)-S02" ..- ---^ 




Thought 1 
Thought 2 
Thought 3 


l.(b) 

l.(a) 

1. (a.b) 



■- 

2.(b) 

3. 

(b) 

4. 

2. (b) - 

3. 

(a) 

. 4. 

2.(b) 

3. 

(c) 

4. 


BRAI 5 J' EKOBEEMS 


A mineral 'A’ gave following reactions. Identify the 
compounds ‘A’ to "H* on the basis of road map. 

A’ .> ‘B’ + ‘C’ + a gas 

(CH3COO)2Pb+ "D" -> Black precipitate 

' < ri> . V irr’J ___ __ 


‘B’ + ‘C 


(another black precipitate) 


('C remains unaffected) 

‘F + HNO3 —^ "F" blue coloured solution 


"F" + K4[Fe(CN)6]-> Chocolate brown precipitate 

‘ C + K3Fe(CN)6-> "If blue coloured 

[Ans. A : CuFeS2, B : CUSO4, C : FeS04, 

D : H 2 S, E : CuS, F : Cu(N 03 ) 2 , G : Cua [FeiCN)^] 

H : KFe[Fe(CN)6] ^Turnbull’s blue] 

2 . A gas 'T occupies 22,4 litre at S.T.R, its weight is 64 g. The 
gas turns acidified K2Cr207 green and decolourise acidified 
KMn04 solution. White turbidity appears when H2S gas is 
passed through aqueous solution of gas. What is the gas 
‘X’? Explain the reactions involved. 

[Ans. SO2] 

[Hint : 

(i) KaCraOT + H 2 SO 4 + SO 2 -> K2S04 + ^ 2 ( 804)3 + H 2 O 

Green 

(ii) 2KMn04 + 3 H 2 SO 4 -^K2S04 + 2MnS04 + SHaO + 5[0] 

_ 5 SQ 2 + 5 H 2 Q + 5[0]->5H2S04 _ 

2KMn04 + 3H2SO4 + 5SO2 + 2H2O->K2S04 + 2MnS04 +5H2SO4 


(iii) 2 H 2 S + SO 2 -> 2 H 2 O + 3S ] 

(White turbidity) 

Aqueous solution of salt ‘A’ gives white precipitate of "B' 
with NaCl solution. The filtrate gives black precipitate "C 
on passing H2S gas through it. Compound ‘B’ dissolves in 
hot water and the solution gives yellow precipitate ‘D’ on 
treatment with KI. Compound A’ gives reddish brown funies_ 
on heating. Identify the compounds A' to 'D\ 

[Ans. (A) Pb(N 03)2 ; (B) PbCl 2 ; (Q PbS ; (D) Pbli ] 

[A] [B] 


Colourless 

Salt 


Gas, giving 
white fumes 
with HCl 


White precipitate, decolourises pink colour of acidified 
KMn04. 

What are [A], [B] and [Cl? Give the reactions involved. 
[Ans. (A) (NH4)2C204 ; (B) NH3 ; (Q CaC204] 


COOK 


[Hint : (^ 4)20204 + 2KOH 


(NH4)2C204 + CaCl2 


I + 2 NH 3 + 2 H 2 O 
COOK 

-4 CaC 204 + 2 NH 4 CI 

White 

precipitate 
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• COOH 

CaC204 + H2S04->CaS04+ | 

COOH 

Oxalic acid 

Oxalic acid decolourises acidified KMn04. 

2K:Mn04 + 3H2SO4->K2S04 + 2M11SO4 + 3H2O + 5 [ 0 ] 

COOH 

5 I + 5 [ 0 ]->]OC 02 + 5 H 20 

COOH _ 

/ 2KMn04 + 5H2C2O4 + 3H2SO4->K2S04 

+ 2M11SO4 + IOCO2 + BH2O 

5 . Ail element tA’ on treatment with water evolves a colourless 
gas "B\ and gives ^solution of "C\ Lithium reacts with ‘B’ 
to form "D ". Compound 'D’ reacts with water to form a basic 
solution of "E" and a gas ‘F. By passing CO2 gas through 
the-sdutiomof ‘C^ h^ves wMte precipitate of - 
dissolves in excess of GG2 to form solution of -ff . Precipitate 
'G’ gives deep red colour to the Bunsen burner flame. What 
are the compounds ‘A’ to 'IT and give the reactions involved? 
[Aife. (A) Ca ; {B) H2 ; (Q Ca(OH)2; (D) LiH; (B) UOH; 

(F) H2; (G) CaOTs; (H) CmCOM 

6, A binary oxide (A) of alkaline earth metal when treated with 
HCr gives solid (B) and solution of (B). (B) gives apple green 
colour to the. Bunsen flame. Solution of (Q decolourises 
acidified KMn04. What are (A), (B) and (Q? 

[Ans. (A) Ba02 ; (B) BaCl2 ; (Q H2O2] 

[Hint : Ba02 + IHCl-^ BaCL + H2O2 

(A) • (S) (Q 

2 KMa 04 + 3H2SO4-> K2SO4 + 2 MnS 04 + 3H2O + 5 [ 0 ] 

5H2O2 + 5 [ 0 ]-^ 5H2O + 5O2 

2KMUO4 + 3H2SO4 + 5H2O2->K 2 S 04 + 2MaS04 + 8H2O + 5O2 

7 , A colourless salt ‘A’ decolourises the pink colour of iodine. 
Solution of ‘A’ on treatment with AgN03 gives white 
precipitate. The compound ‘A’ turm FeCls solution (yellow) 
to FeCl2 solution (green). Identify ‘A* and give the reactions 
involved. 

[Ans. The compound A’ is Na2S203, Le., sodium thiosulphate.] 
[Hint : 2Na2S203 + I2-> 2 NaI' + Na2S406 

Na2S203 + 2AgN03->2NaN03 + Ag2S203 

White precipitate 

2FeCl3 + 2Na2S203->2FeCl2 + Na2S406 + 2 NaCl] 

8. Compound A’ reduces HgCl2 to a white precipitate, turning 
to grey. Solutiop of A’ turns yellow coloured solution of 
FeCls to a green coloured solution. Solution of A’ gives 
white precipitate with NaOH, which dissolves in excess of 
NaOH. Moreover, the solution of A’ gives yellow precipitate, 
when H2S gas is passed through it. This precipitate dissolves 
in yellow ammonium sulphide. Compound A’ is found to give 
chromyl chloride test Identify the compound A' and give 
the reactions involved. 
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[Ans. Compound A’ is SnC^. 

^ SnCl2 + 2HgCl2 —> Hg2Cl2 + SnC^ 

White 

SnCl 2 + Hg 2 Cl 2 -> 2Hg + SnC^ 

Grey 

SnCl 2 + 2FeCl3 —^ SnCU + 2FeCl2 

Yellow . Green 

SnCl 2 + 2NaOH —^ Sn(OH )2 + 2NaCl 
(White precipitate) 

Sn(OH )2 + 2NaOH-^ Na2Sn02 + 2 H 2 O 

Soluble 

SnCl 2 + H 2 S-^ 2HC1 + SnS 

Yellow 

SnS + CNH4)2S2-^ (NH4)2SnS3 ] 

Yellow Soluble 

Ammonium 

...sulphide______ 


Scarlet 

salt 


®l.^Mn(N 03)2 
Pink 
coloured 
solution 


Black 

brown 

residue 


HNO3 


Colourless 

solution 

H 2 S gas 

(D) Black precipitate 

of it dissolves 
in dil. HNO3 


What are the compounds A* to ‘F in above road 
probkm? Give the reactions involved. 

[Ans. (A) Pb304 ; (B) PbOa ; (Q '. 


(D) PbS ; (E) HMn 04 ] 

[Hint : Pb304 + 4HNO3-> PbOa + 2Pb(N03)2 + 2H2O 

(A) _ (B) (Q 

Pb(N03)2 + 2 KI-> Pbl2 + 2KNO3 

Yellow 

' " precipitate 

Pb(N03)2 + K2Cr04-> PbCi04 + 2KNO3 

, • ■ ■ Yellow 

Pb(N03)2 + H2S -***«-^ PbS + 2HNO3 

(£)) Black 
precipitate 

Pb02 + Mn^"' + HNO3-> HMn04 + Pb^"- ] 

(£) Pink 

iO. A hydrate metallic salt (A), light green in colour, gives a 
white anhydrous residue (B) after being heated gradually. (B) 
is soluble in water and its aqueous solution reacts with NO 
to give a dark brown compound (C). (B) on strong heating 
gives a brown residue (D) and a mixture of two gases (E) 
, and (F). The gaseous mixture, when passed through acidified 
permanganate, discharges the pink colour and when passed 
through acidified BaCl2, gives a white precipitate. lintify 
. (A),(B),(q,(D),(F)and(F). 

[A^. (A) FeS04-7H20 ; (B) FeS04 ; (Q FeSO4.NO 

(D) Fe203 ; (B) SO2 ; (F) SO3 ] 






RBvisian Exercise 
(Chapter IE ta 18) 



SINGLE CORRECT ANSWER TYPE 

1. Chlorine is prepared by reacting HCl with Mn 02 . The 
reaction is represented by the following equation : 

Mn02 + 4HC1-^ CI 2 + MnCl 2 + 2 H 2 O 

Assuming the reaction goes to coihpletion, what mass of 
cone. HCl solution (36% HCl by mass) is needed to produce 
7 . 0 gofCl 2 ? 

(a) 20g □ (b) 30g □ 

(c) Q (d) 50g □ 

2. 5.2 g of silver carbonate on being strongly heated yield a 
residue weighing : 

(a) 3.01 g □ (b)4.07g □ 

(c) 5.07g □ (d)6.02g □ 

3. A 0.5 g sample of Mn 02 is treated with HCl. The liberated 
chlorine is passed through KI solution. 30 mL of O.r M 
Na 2 S 203 solution is required to titrate the evolved 


iodine. The percentage of Mn 02 sample is : 

[Eq. mass of Mn 02 = 87/2] 

(a) 26.1 □ (b) 21.6 □ 

(c) 23.1 □ (d) 21.3 

4. ‘A’ and ‘5’ are two HNO 3 solutions having normality 0.5 N 
and 0.1 respectively. The volumes of solution ‘A’ and ‘5’ 
required to make 2L solution of 0.2 N HNO 3 are : 

(a) 0.5 L of A and 1.5 L of 5 □ 

(b) 1.5 L of A and 0.5 L of 5 □ 

(c) 1.0 L of A and 1.0 L of 5 □ 

, (d) 0.75 L of A arid 1.25 L-ofB □ 


5. A mixture of cuprous oxide and cupric oxide was found to 
contain 88 % copper. What is the amount of cuprous oxide 
and cupric oxide in 5 g of the sample of the mixture 


respectively : [Atomic mass of copper = 64] 

(a) Cu^O = 0.5 g; CuO = 4.5 g □ 

(b) CU 2 O = 4.0 g; CuO = 1 .0 g ■ □ 

(c) CU 2 O = 1 .0 g; CuO = 4.0 g □ 

. .(d) CU 2 O = 4.5 g; CuO = 0.5 g □ 

6 . 4.9 g of H 2 SO 4 is present in 100 mL of the solution. What is 

the molarity and normality of the solution? 

(a)lM, lA n (b)0.5M, lA^ □ 

(c) 1M,0.5A/ n (d) 0.5M,0.5A^ □ 

7. 0.1435 g of AgCl is obtained from 20 mL flCl? What is the 
normality of the acid ? 

(a) 0.5A/ □ (b)O.lA^ □ 

(c) 0.05A/ ,n (d)l.OA^ □ 


8 . "Assuming that petrol is isooctane (CgHjg) and has a density 
0.8 g mL~^ 2.85 L petrol on complete combustion will 
consume how much of oxygen gas at NTP? 


(a) lOOL □. (b) 250L □ 

(c) 50 mole ^ □ (d) 250 mole □ 

9. 50 mL of a mixture of CO and H 2 gave 20 mL of CO 2 after 
combustion in excess of air. What is the percentage of CO 
by volume in the mixture ? 

(a) 40 □ (b) 30 n 

. (c) 50 □ (d) 20 n 

10. The number of moles of KMn 04 that will be needed to react 
with 10 moles of sulphite ion in acidic solution is : 

(a) 1 ' " ^ n (b) 2 _n 

(c) 3 □ (d) 4 n 

11. One of the following salts does not give orange-red vapours 

when heated with potassium dichromate ^d cone. H 2 SO 4 
but dissolves in. NH 4 OH solution. The resulting solution 
gives yellow precipitate with KI. Identify the ori^al sdt, 
(a) ZnCl 2 □ (b) AgCl • ' . 

(c) NaQ n (d) Caa 2 □ 

12. A solid liberates a brown gas on acidification and a colourless 
alkaline gas on treatment with NaOH. On direct heating, it 
gives a colourless non-reactive gas. On complete heating, 
the solid completely disappears : 

(a) NaN 02 ^ . ' □ (b) NaN 03 , ^ 

(c) NH 4 NO 2 □ (d) NH 4 NO 3 ' □ 

13. A salt is treated with dilute sulphuric acid to generate 
colourless gaseousmixture which turns lirne water milky and 
bums with a blue flame. The s^t has the acidic radical: 

(a) col' □ (b) sol” D 

(c) CH 3 COO” □ (d) C 2 O 4 ” □ 

14. The following reactions are given by a compound ‘A’. 



K2Cr04 in 
acetic acid 


Yellow ppt.* 


The compound ‘A’ is : 

(a) Lead carbonate ^ □(b) Calcium carbonate □ 

(c) Barium carbonate □ (d) Lead chloride □ 

15. From the following information, identify (A) and (B ): 

(A) + H2S04- HB) . , 

a colourless irritating gas 

* (B) + K 2 Cr 207 4- H 2 SO 4 - > Green soln. 

(a) crjici □ (b) C 03 ”,C 02 □ 

(c) Br”, HBr □ (d) S 03 ",S 02 □ 

16. Cu^'*’ and Cd^'*’ are detected in a-mixture of their solutions by 
using : 
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(a) KCN.HaS □ (b) Ha,H 2 S ' □ 

(c) K 4 Fe(CN) 6 ,H 2 S □ (d) Cone. HNO 3 , H 2 S □ 

17. When H 2 S is passed through Hg|^, the precipitate formed 
consists of : 

(a) Hg 2 S □ (b) HgS □ 

(c) HgS + Hg 2 S n (d) HgS + Hg □ 


18, A mixture of Bi(OH) 3 , Zn(OH) 2 , Pb(OH )2 and Al(OH )3 is 
dissolved in excess of sodium hydroxide. The insoluble 
portion is then dissolved in HCL One part of the solution 
when reacted with sodium stannite gives black precipitate. 
The other part when diluted with large volume of water must 
give: 

(a) white turbidity □ (b) green precipitate □ 

(c) blue colouration □ (d) red vapour □ 

T9; The-thifd poup-of quditative-analysis^4ie™Feagent 
- —of NH 4 GI and Mt^OH is employ ed .4f-lffl^ — 

and the mixture does not contain Mn^'^, which of the 
following can be used ? 

(a) (NH 4 ) 2 S 04 □ (b) (OT 4 ) 2 C 03 □ 

(c) NH 4 NO 3 ■ □ (d) All of these □ 

20. In acidic medium, KMn 04 oxidises FeS 04 solution. Which 
of the following statements is correct ? 

(a) 10 mL of 1 N KMn 04 solution oxidises 10 mL of 
5 A^FeS 04 solution 

(b) 10 mL of 1 M KMn 04 solution oxidises 10 mL of 5 M 

KMn 04 solution □ 

(c) 10 mL of 1 M KMn 04 solution oxidises 10 mL of 1 M 

FeS 04 solution □ 

(d) 10 mL of 1 N KMn 04 solution oxidises 10 mL of 0.1 iV 

FeS 04 solution □ 

21. When a pinch of a salt is added to dilute acid, it evolves a 

gas that turns acidified K 2 Cr 207 green. The sulphide 

precipitate in fourth group is dissolved in aquaregia. The 

solution when shaken with sc^um bicarbonate and bromine 
water develops apple green colour. The basic and acidic 


radicals of the salt are : 

(a)Ni^^SOf‘ □ (b)Co^^SO|“ □ 

(c) □ (d)Co^^SO|“ n 

22. What mass of hydrated oxalic acid should be added for 
complete neutralisation of 100 mL of 0.2 A^NaOH? 

(a) 0.90 g □ (b)t).45g □ 

(c) 1.08g □ (d) L26g □ 

23. Haemoglobin contains 0.33% iron by mass. If the molecular 
mass of haemoglobin is 68000, how.many iron atoms are 
present in each molecule of haemoglobin ? 

(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 


24. 5.0 g of bleaching powder was suspended in water and 
volume made up to half a litre. 20 mL of Ms suspension when 
acidified with acetic acid and treated with excess of KI 
solution liberated iodine which required 20 mL of a 
decinormal hypo solution for titration. What is the percentage 
of available chlorine in bleaching powder. 


(a) 35.5 □ (b) 71.0 □ 

(c) 45.5 □ (d) 17.75 □ 

ONE OR MORE THAN ONE CORRECT 
ANSWERS TYPE 

25. Which of the following is/are primary standard? 

(a) KMn 04 □ (b) KOH □ 

(c) Na2a)340H2O □ (d) H 2 C 204 ' 2 H 20 □ 

26. Identify the incorrect statement/s. 

(a) The equivalent nmss of KMn 04 in alkaline medium is one 

third of its molecular mass. □ 

(b) The mass of oxaUc acid dihydrate required to prepare 

500 mL of 0.02 N solution is 6.3 g. □ 

(c) The volume of 0.1 M K 2 Cr 207 solution required to 

- oxidise-35 mI^ofO.^M-FeS 04 -solutionTmacidic-meciium-- 

--is-29.17-mL.----—^— ...CL 

(d) Phenolphthalein can be used as an indicator in iodometry. 

□ 

27. Which of the following metal ions form yellow precipitate 
with K 2 Cr 04 solution? 

(a) Fe^"' .- .. □. .□_ 

(c) □ (d) □ 

28. Heating with concentrated HNO 3 and an ammonium 

molybdate solution, a salt solution gives a yellow precipitate. 
It may be : 

(a) AS 2 S 3 □ (b) CUSO 4 □ 

(c) Na 3 P 04 □ (d) Baa 2 □ 

29. Which of the following reagents will be useful in separating 
a mixture of Zn^'*’ and Cu^'^ ions ? 

(a) H 2 S in alkaline medium O 

(b) H 2 S in acid medium O 

(c) Excess NaOH solution □ 

(d) Na 2 S in neutral medium ^ . □_ 

30. Potassium iodide is added to freshly precipitated mercury (11) 
iodide. Which is/are the correct statement/s ? 

(a) The precipitate will dissolve □ 

(b) The solution possesses the anion [Hgl 4 ]^ O 

(c) The solution can be used for the test of ammonium ion 

n 

(d) All the above statements are wrong □ 

ASSERTION-REASON TYPE QUESTIONS 

Each of the following questions contains Assertion (A) and 
Reason (R), Use the following key to select one appropriate answer, 

(a) If both (A) and (R) are true and (R) is a correct 
explanation for (A). 

(b) If both (A) and (R) are true and (R) is not a correct 
explanation for (A). 

(c) If (A) is true and (R) is false. 

(d) If (A) is false and (R) is true. 

31. (A) CdS and AS 2 S 3 both are yellow coloured precipitates. 
(R) CdS is insoluble in yellow ammonium sulphide while 

AS 2 S 3 is soluble. 
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32 . (A) 

(R) 

33 . (A) 

(R) 

34 . (A)' 
(R) 


AU sulphates give white precipitate with BaCl2 solution. 
BaS04 is insoluble in water. 

Borax bead test is used to detect the cations like Cu , 


Cr 3 +^ Fe^'^, Mn^’^, 


Ni^^ and Co^"". 


2+ 


Fe^*^, etc., form coloured 


The cations like Cu 
metaborates. 

Dimethyl glyoxime is used for the test of Ni^**" ion 

t: 2 + : 


Dimethyl glyoxime forms a complex with Ni ion. The 
complex has a dark blue colour. 

35 * (A) The molecular mass of H3PO3 is 82 . Its equivalent mass 
is 41 . 

(R) H3PO3 is a dibasic acid. 

36 . (A) A normal solution contains one gram equivalent mass of 
the substance in 1000 grams of the solvent. 

(R)A^Mon which hasiyeenT)repared^fro^^ 

-is termed standard solutronr 


37 . (A) Mole fraction and molality are independent of tempemture. 
(R) Normality and molarity are dependent on temf^rature. 

38 . (A) Starch is the indicator used in the iodometric titrations. 
(R) In the titration of ferrous ammonium sulphate against 

potassium dichromate, K4Fe(CN)5 solution is used as 
external indicator. 


MATRIX MATCHING QUESTIONS 

39 . Match the following : 

Colunm-I Column-n 

(Sulphides) (Colour/group) 


(a) HgS 

(p) Black 

(b) NiS 

(q) Dirty white 

(c) SnS 

(r) Basic radical Ilnd group 

(d) ZnS 

(s) Basic radical IVth group 

Match Column-! with Column-II: 

Cdumn-I 

Coltimn-n 

(Reagents) 

(Uses) 

(a) K2Cr207 

(p) Chromyl chloride test 

(b) K4Fe(CN)6 

(q) Prussian blue test of Fe^ 

(c) NaOH 

(r) Test of sulphite 

(d) Pb(C]H3COO)2 

(s) Chocolate ppt. test of Cu^"^ 

(t) NH4 ion 

Match ColumnA with Column-II: 

Column-I 

Colunm-Q 

(Reaction) 

(Equivalent mass) 

(a) K2Cr207- > 

Cr2(S04)3 (p) Oxidising agent 

(b) KMn04-> 

K2Mn04 (q) Mol. mass 

Mol. mass 

(c) 2Na2S203 + l2 

= (r) 6 


4 2NaI + Na2S406 


(d) 2FeS04 + H2SO4 + O (s) Reducing agent 
->Fe 2 (S 04)3 + H20 


INTEGER ANSWER TYPE 

42 . 13.4 g of a sample of a salt Na2S04‘xH20 was found to 
contain 6.3 g of water. What is the value of xl 

43 . 17 g of pure H2O2 is decomposed. The mass of oxygen 
evolved is : 

44 . A mixture of marsh gas {CH4) and acetylene requires 22 mL 
of oxygen for complete combustion and produces 14 mL of 
CO2. What is the volume of marsh gas in the mixture? 

45 . 4 moles of H2S and 22.4 L of SO2 at STP react according to 
following equation, 

SO2 + 2H2S-> 2H2O + 3 S 

What win be the number of moles of sulphur formed in the 
reaction? 

46 . 4.9 fi of H 9 SQ 4 is prese nt in 100 mL of j^$olutkm.J^ 

_ the n ormalit y of the solutio n?______ 

47 . 0.175 g of a metal was dissolved in 50 mL N-acid. The whole 
solution required 20.85 mL of normal aUcaUne solution to 
neutralise the excess of acid. What is the equivalent mass of 
the metal? 

48 . What is the mass in grams of available O2 per Mtre from 
solution of H2O2, 5 mL of which when titrated with N/20 
KMn04 solution required 25 mL for the reaction, 

2KMn04 + 5H2O2 + 402804-> 5O2 + 8H2O 

+ 2KHS04 + 2MnS04 

LINKED COMPREHENSION TYPE 
Passage 1 

Compound ‘A’ reduces HgCl2 to a white precipitate, turning to 
grey. Solution of A’ gives white precipitate with NaOH, which 
dissolves in excess of NaOH. The solution of ‘A’ in: dilute HCl 
gives yeUow precipitate on passing H2S. Compound ‘A’ mixed with 
K2Cr207 and heated with cone. H2SO4 gives vapours which when 
passed through NaOH solution form yellow coloured solution. 

49 . Compound ‘A* is : 

(a) Cda2 (b) Pba2 

(c) SnQa (d) BiQa 

50 . The precipitate formed by NaOH with solution of ‘A’ is : 

(a) Sn(OH)Cl (b) Sn(OH)2 

(c) SnO (d) Sn02 

51 . The vapours evolved when compound ‘A’ is heated with 
K2Cr207 and cone. H2SO4 are : 

(a) chlorine (b) chlorine dioxide 

(c) hydrogen chloride (d) chromyl chloride 

52 . Compound ‘A’ gives white ppt. with Hga2. The name of white 
compound is : 

(a) Calomel (b) Corrosive sublimate 

(c) Vermilon (d) Millon’s base 
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Passage 2 

Compound ‘A’ is a light green sohd. It gives the followingiests. 

(a) It dissolves in dilute H 2 SO 4 . No gas is evolved. 

(b) Compound ‘A’ is heated strongly. Two gases (B) and (C) with 
pungent smell come out and brown residue (D) is left. 

(c) ' The gaseous mixture is passed into acidified K 2 Cr 207 

solution, it turns green. 

(d) The residue ‘D’ from reaction (b) on boiling with HCl acid 
gives a yellow solution The yellow solution on treatment 
with ammonium thiocyanate gives a blood red solution. ^ 

53. Compound ‘A’ shows reducing properties. 

(a) FeS 04 (b) NiS 04 

(c) Cr 2 (S 04)3 (d) Fe 2 (S 04)3 

54 . The residue "D " is : _ _ 

_Q 2 O;__:_ (b)NiQ _ 

(c) Fe 203 (d) FeO 

55. The solution contains : 

(a) FeCl 2 • \(b)FeCl 3 

(c) 003 '(d) Nia 2 


Passaige 3 

1.325 g of anhydrous sodium carbonate are dissolved in water 
and the solution made upto 250 mL. On titration, 25 mL of this 
solution neutrahse 20 mL of sulphuric acid. 

56. Normality of Na 2 C 03 solution is : 

(a) 1 (b) 0.1 N 

(0 0.5 iV (d) 0.01 iV 

57, Normality of the sulphuric acid solution is : ‘ . 

(a) 1/2 (b) 1/4 

(c) 1/8 (d) 1/16 

^ 58. How much water be added to 450 mL of-the H 2 SO 4 solution 
to make it exactly M 12 ? 

(a) 225 mL (b) 125 mL 

; ■ (c) 17 5mL ___ (d) 200mL _ 




, 1 . '(c)- Mn 02 .+ 4BC1 - 
4 X 36.5 g 


► CI2+ MnCl 2 + 2H2O 
71 g 


HCl needed for 7 g CI 2 = x 7 = 14.39 g 

36% HCl soln. required = — x 14.39 = 40 
36 

(b) Ag 2 C 03 on strong heating gives silver metal. 
Ag2C03-> 2Ag + CO 2 + —O 2 


Residue obtained from 5.2 g Ag 2 C 03 


-X 5.2 = 4.07 


3. (a) 30 mL 0.1 M Na 2 S 203 = 30 mL 0.1 N Na 2 S 203 

= 30mL0;lJyCl2 
= 30mL0.1 NMn02 
87 01 

Amount of Nfe 02 To^x30 = 0.1305 g 

' ' . % of Mn02 =-^^xl00 = 26.1 . 

4. (a) Let xL of A be mixed with •(2 - x) L of B. 

X X (0.5) + (i - :r) X (0.1) = 2 X (0.2) 

'll ^ = 

j. 0.4 

5. (d) CU 2 O ^^ 2Cu 

144 tr 2 X 64 , 

® =128g 

CuO ^—> Cu 

80 g . 64 g 

Let ‘a’ g CU 2 O and (100 - a)g CuO be present in 100 g of the 
mixture. 

128' 64 

— xa+—x(100-a) = 88 

144 80 


i.e., : Cu20-=^x5 = 45g ,.-.- 

CuO =^x5 = 05'g - 
4 9' 

6. (b) Strength of the soln. =—^xl000 = 49 

^ 100 

.ahssSl.® .OJ 

Mol. mass 98 

Normality = 2 x Molarity = 2 x 0.5 = 1.0 . 

7. ■ (c) No. of g equivalents of AgGl obtained =^^^^^ = 0.001 

1435 

Thus, 20 mL of HCl contains 0.001 g equivalents of HCl. 

Normality =X1000 = 0.05 AT 
20 

8. (d) Mass of petrol = 2850 x 0,8 = 2280 g 


Number of moles of isooctane = - 

CoHig + y02 — 

1 mole 25/2 mole 

20 mole 250 mole 

(a) CO + -O 2 ->C 02 

1 vol 2 1 vol 

20 vol 20 vol 

%= —xl00 = 40 
5D 


. 8 CO 2 + 9 H 2 O 


10. (d) 2 Mn 04 +6H'"+5S03”-> 2 Mn^++5S04“+3H20 

2 mole 5 iftole ^ 

’ 4 nple '10 mole 

11. (b) AgCl—^It is a covalent chloride. It dissolves in ammonium 

hydroxide and forms a complex which is soluble. 


AgCl + 2NH40H- 


.Ag(NH3)2Cl + 2 H 2 O 

Soluble 
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It combines with KI and forms yellow precipitate of Agl. 
Ag(NH 3 ) 2 Cl + KI->AgI + 2NH3 + KCl 

12 . (c) NH 4 NO 2 

2 NH 4 NO 2 + H 2 SO 4 -> (NH 4 ) 2 S 04 + NO 2 + NO t H 2 O 

NH 4 NO 2 + NaOH-» NH 3 + NaNOa + H 2 O 

NH4N02-^^N2+ 2 H 2 O 

13, (d) Oxalate—It gives out mixture of two gases CO 2 and CO. CO 2 

turns lime water milky and CO bums with blue flame. 

14 (c) BaC 03 , 

BaC 03 + 2HCl-> BaClj+COj+H 2 O 

Clear • 

* Sola. 


BaCO. + H^SO. 


BaS04+H20 + CO2 

White ppt. 


BaCOj + 2 CH 3 COOH + K 2 Cr 04 


15. (d-> ^Sulphite -r "H 2 ^^ 

-___(A)- 


BaCr 04 + 2 CH 3 COOK +CO 2 + HjO 

Yellow ppt. 

-^ 02 :.---- 

3SO2 + K2Cr207 + H2SO4-^ K2SO4 + Cr2(S04)3+ H2O 

Green Soln. 

16. (a) KCN fomm cypide complexes with copper and cadmium salts. 

The cadmium complex is not stable and combines with H 2 S to 
form yellow ppt., CdS. 

17. (d)Hg|:" + H 2 S->HgS + Hg + 2H'" 

18. (a) Bi(OH )3 does not dissolve in NaOH. 

It dissolves in HCl. 

Bi(OH)3 + 3HC1-» BiQs + 3 H 2 O 

2 Bia 3 + 3 Na 2 Sn 02 + 6 NaOH-> 

3 Na 2 Sn 03 + 2Bi + 6 NaCl + 3H,0 

Black 


BiClj + HjO- 


-A BiOCl + 2HC1 

White 
turbidity 


19. (c) (N^) 2 S 04 cannot be used as it will give white ppt. of barium 

and strontium su| 5 hates. (NHi) 2 C 03 will give white ppt. if 
Ba Sr ^ and Ca^'*' ions are present. To suppress the ionisation 
of NH 4 OH, NH 4 NO 3 can be used if ion is not present. 

20 . (b) 2 KMnO 4 + 8 H 2 SO 4 + 10 FeSO 4 -» 

2 mole 16 mole 

1 mole 5 mole 

K 2 SO 4 + 2 MnS 04 + 5 Fe 2 (S 04)3 + 8 H 2 O 

21. (b) The gas SO 2 turns K 2 Cr 207 soln. green. The acidic radical 

present is S 63 ". 

Under the conditions, K 3 [€ 0 ( 003 ) 3 ] is formed which is apple 
green in colour. Thus, the salt consists Co^"’* as cation. 

22. - (d) 100 mL 0.2 N NaOH s 100 mL 0.2 N oxalic acid 


Amount of oxalic acid = 


63x0.2x100 

mo 


'I26g 


23. (d) Amount of iron present in molecular mass of haemoglobin 
• * ' 0.33 


Number of iron atoms = 


100 

0.33x680 

56 


X 68000 = 0.33 X 680 g 


24. (a) .20 wLOA N ^ 3.28203 - 20 mL 0.1 I 2 

-20mL0.1iVa2 

355x0.1x20 

= 0.071 g 


Amount of chlorine 


1000 


Amount of chlorine in 500mL suspension: 


0.071 

20 


X 500 =1.775 


25. 

26. 


1775 

' % available chlorine =-- x 100 = 35.5 

(c,d) ^ 

(a, d) 

(a) The equivalent mass of KMn 04 in alkaline medium 

= Mol, mass 


(b) Mass of oxalic acid = 


63x0.02x500 


1000 

(c) K 2 Cr 207 + 7 H 2 SO 4 + 6 FeS 04 — 


= 6.3g 


1 mole 


27. 

32. 

37. 

39. 

40. 

.42. 


K 2 SO 4 + Cr2(S04)3 
6 mote + 3 Fe 2 (S 04)3 + 7 H 2 O 

0.1 X V = 1/6 [35.0 X 0.5] 

V = 29.17 

(d) Phenolphthalein is used as indicator in acid-base titrations. 

(c, d) 28. (a, c) 29. (a, b, c) 30. (a, b, c) 31. (b) 

(a) 33. (a) 34. (c) 35. (a) 36. (d) 

(b) 38. (c) 

(a~p, r); (b-p, s); (c~r); (d-^, s) 

(a-=p, -x); (b-q, -s); (c—jpj t)v (^p)^- -. 

.Xfcp,j‘).;_Xhr:p,^q);4cr^,„.$);-.(^^ 


(7) Mol mass of Na 2 S 04 «xH 20 = 2 x 23 + 32 + 4 x 16 + x x. 18 

= (142+lSx) 

~x(142 + 18x) = 18jc 
13.4 

or 6.3 X (142 + 18jc) = 13.4 x 18x 

142 x 6.3 = 13.4 x .l 8 x --6.3 x 18jc -- 
= 18x (13.4-6.3.) = 18xx7.1 
142x6.3 


43. 


18x7,1 

(8) 2 H 2 O 2 —>2H20+02 

*68 g . 32 g 

32 

Mass of O 2 evolved = — xl7 = 8 g 


- = 7 


44. ( 6 ) 


68 

CH 4 4- 2 O 2 
‘fl’ mL 


^ CO 2 + 2 H 2 O 

. ‘a’ mL 

4 2CO2 + H2O 
2hmL 


C 2 H 2 + —O 2 - 

‘h’ mL ^ 

a^2b :=14 
la ^ 511 b = 11 

On solving both the equations, we get 

a = 6 mL, /> = 4 mL 


. (i) 
(ii) 


45. 


^2H20 + ^ 


46. 


47. 


(3) SO 2 + 2 H 2 S- 
22.4 L 4 moles 
1 mole 

1 mole of SO 2 will react with 2 mol^ of H 2 S and will form 3 
moles of S. 

49 

(1) Strength of H 2 SO 4 = X 1(X)0 = 49 g / L 

• Normality = ^ = i 

Eq. mass 49 

( 6 ) 20.85 mL iV-alkaline soln. = 20.85 iV-acid soln. 

The acid utilised for dissolving the metal 

= (50 - 20.85)mL A/-acid 


Thus, 0.175 = 


xxlx29.15 
1000 


= 29.15 mL AT-acid 
s 29.15 mL/V'-metal 

{x = Eq. mass of metal) 


175 

29.15 
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48. (2) Normality of H 2 O 2 soln. =—x —= i 

20 5 4 

1 17 

Strength of H 2 O 2 soln. ” ^ 


2 H 2 O 2 

68 g 


2 H 2 O + O 2 
32 g 


Available oxygen 


32 17 _ 

:-X-=2g 

68 4 ^ 


49. (c) Hie compound pves chromyl chloride. It is a reducing agent 

and gives yellow ppt with H 2 S. Hence, it is SnCty. 

50. (b) SnCl 2 + 2NaOH-> Sn(OH )2 + 2NaCl 

Sn(OH )2 dissolves in excess of NaOH. 

Sn(OH )2 + 2NaOH-> Na 2 Sn 02 + 2 H 2 O 

Sod. stannite. 

(soluble) 

51. (d) 2Sna2 + K2Cr207 + 3 H 2 SO 4 -> 

2Cr02d2+ K2SO4 + 2SnS04 + 3H2O 

------^-dKomyl——-—... 


chloride 


vapours 

52. (a) Hg 2 Cl 2 is called calomel. 

Sna2 + 2HgCl2 — 


^ Hg2^l2 SnCl4 


54. (c) 

55. (b) Fe203 4‘6HCl 


^ FeCty + 3 H 2 O 

YeUow 

solution 

106 


56. (b) Eq. mass of Na 2 C 03 = — 

Normality of NaaCOs soln. „ ^^^325 _ 

53 10 

57. (c) Normality of H 2 SO 4 soln. 

58. (a) Applying 

NbVb = 

(Befo^ (Arier 

dilution) dilution) 

ix450.V,x± 
,^_450 




xl2 = 675mL 


-Water-to-be-added^_(675_-^450X^^ 


53 . (a) 2reS04 > Fe203 + SO2 + SO3 

(A) (D) (5) (C) 

. ......-.i. . 

turns K2Cr207 
soln. green 
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INTRODUCTION 


IntfoauctioH ” ..Tlie eaitli’ where various forms of life Hve and survive under different conditions, 

192 Components of Environment is a unique planet of the solar system. This is perhaps partly due to optimum 

19*3 Environmental Pollution and distance of the earth from the sun. The temperature of the earth is neither too hot 

Environmental PoUutants as in Venus and Mercury nor it is too cold m in Jupiter and other planets. The 

19.4 Some Commonly Used Terms in envelope of air surrounding the earth contains gases and provides oxygen which 

Environmental PoUution ig essential for survival of most fom^ of life. The air envelope also regulates the 

19.5 Types of Pollution temperature on earth's surface. The moderate temperature conditions also help in 

19.6 Air Pollution the regulation of water in different forms in the atmosphere, as well as on the e^h. 

19.7 Acid Rain Thus, earth is a unique planet which has been gifted by nature, a life supporting 

19.8 Smc^ region known as a biosphere (the environment which supports life and sustains 

19.9 Greenhouse Effect and Global Warming various human activities; it extends to about 20 km from the bottom of the ocean 

19.10 Ozone Layer and its Depletion to the highest point in the atmosphere at which life can survive). Various forms of 

^ (Stratospheric Pollution) rife in the biosphere exist as microbes, plants and animals. These forms of life Mving 

19.11 Water Pollution in a particular region of biosphere depend on the physical and chemical non-living 

19.12 Soil or Land Pollution as well as living components of environment. The non-living components of the 

19.13 Strategies to Control Enviroranental environment comprise the atmosphere (air)^ hydrosphere (water) and lithosphere- 

Pollution (land) whereas the living or biological component is biosphere, which includes 

19*14 Green Chemistry as an Alternative Tool plants, animals and other organisms. The environment or surroundings of an 

for Reducing Pollution organism, therefore, includes (i) atmosphere (ii) hydrosphere (iii) lithosphere 

and (iv) biosphere. Man on this planet occupies a central position and makes use of other forms of life in the biosphere for 
various purposes such as food, shelter, etc. It is, thus, essential to study the various components of environment that affect the 
man and other forms of life on this planet. 

Environmental chemistry is defined as the study of chemical phenomenon in the environment or refers to the study 
of sources, reactions, transport, effects and fat^ of various chemical species in the air, water and soil environment. 

Environmental chemistry is not a single disciplinary science but a multidisciplinary science which covers many vastly different 
fields such as chemistry, physics, biological sciences, agriculture, medical science, public health, sanitary engineering, etc. 

The term environmental chemistry has come to be regarded as synonymous with environmental pollution by some scientists. 
While sticking to this narrow definition, they highlight only the problem of pollution resulting from the varied uses of chemicals 
yet it must be emphasised that environmental chemistry deals with a wider aspect of knowledge. The problem of pollution is 
just a small segment of environmental chemistry. The application of energy resources no doubt provided comfort and happiness 
to man, but it also started degrading his habitat. It soon became apparent that contamination of natural environment threatened 
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the very existence of mankind, i.e., environmental pollution is 
becoming a matter of concern for one and all today. A need of 
conservation of environment is being raised at all national and 
international levels. Thus, the awareness about various, aspects 
of environment becomes very important for every human being 
today. 

19,2 COMPONENTS OF ENVIRONMENT 
1. ATMOSPHERE 

It is a protective blanket of gases which is surrounding the 
earth. The atmosphere extends to thousands of kilometre above 
the earth’s surface. It has no well defined upper limits and 
gradually merges with the outer space. The atmosphere is held 
to the earth by the -force of gravity. Of the total mass of 
atmosphere, about 99% is within a height of 30 km from the 
earth's surface. Tile total mass of the atmosphere is about 
5 X 10^^ metric tonnes. 

Composition : The constituents which make up the 
atmosphere are .:gases, water vapours and aerosols. With 
increasing height above sea level, the atmospheric pressure 
gradually decreases. The atmosphere consists relatively uniform 
composition in the lower layers near the earth if water vapours 
and aerosols are excluded. The major gases in the air are 
nitrogen and oxygen. Pure dry air, on an average, constitutes 
78% nitrogen and 21% oxygen by volume. Remaining 1% 
accounts for other gases. 

Major components : N 2 , O 2 , water vapours 

Minor components : Ar, CO 2 

Tracer components : He, Ne, Kr, Xe, CH 4 , H 2 , CO, N 2 O, 
NO, NO 2 , SO 2 , NH 3 , O 3 , HCHO, etc. 

The composition of dry atmosphere by volume is given in 
the following stable : 


Gas 

Per cent 

Gas 

Per cent 

Nitrogen , 

78.08 

Methane 

0.00015 

Oxygen 

20.95 

Nitrous oxide 

0.000025 

Argon 

0.93 

Hydrogen 

0.00005 

Carbon dioxide 

0.033 

Ozone 

0.000004 

Neon 

0.0018 

Xenon 

0.000008 - 

Helium 

0.00052 

Sulphur dioxide, 


Krypton 

0.00011 

nitrogen dioxide, 
ammonia, carbon 
monoxide, iodine, etc. 

Minute quantities 


The main constituents of the atmosphere which are 
responsible for sustaining life on earth are nitrogen, oxygen 
and carbon dioxide along with water vapour. The constituents 
which are of great importance for earth's climatic conditions 
are water vapour dust particles, carbon dioxide and ozone. 

Structure or Regions of the Atmosphere : The atmosphere 
is divided into four major regions depending on the height as 
shown below : 
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Region 

Hei^t range 
(km) 

Temperature 
range (“C) 

Main constituents 

Troposphere 

0-11 

15 to-56 

62. N 2 . H 20 , CO2 

Stratosphere 

M^;:T|^50; ;;hy; 

-56 to-2 

'O3' 

Mesosphere 

/ 50-90,/ 

-2 to-92 

O2, NO''; 

Thermosphere 

.90-500 

-^2 to 1200 ■ 

02i 0-,: NO\ n* 


(i) Troposphere : It is the lowest region of the atmosphere, 
i.e.y closest to earth's surface. It extends roughly to a height 
of about 11 km. This is the region of all living organisms 
including animals and plants. About 70% of the total mass of 
the atmosphere and practically all the water vapours and dust 
particles are concentrated in this region. All the dramatic events . 
of weather (rain, lightning, hurricane, etc.), occur in this region. 
The temperature in-this region steadily decreases from ground 
temperature of about 15°G to about -56°G-. The minimum- 
temperature is at about 11 km above eartfrs surface. This-po^^ 
is called tropopause. It contains mainly nitrogen and oxygen. 

It also contains argon, carbon dioxide, water vapours, aerosols 
and traces of many other gases. The composition of air in this 
region remains more or less constant provided there is no 
significant air pollution. ---- 

(ii) Stratosphere : The next region is stratosphere which 
extends from 11 km to 50 km. The temperature in this region 
rises from -56®C to -2®C. This increase is due to absorption 
of solar radiation. This region is rich in ozone which absorbs 
harmful UV radiations of the sun and converts them into heat. 

In this way ultraviolet radiations are prevented to reach the 
earth. Ozone is formed from oxygen by a photochemical 
reaction. The ozone content of the stratosphere is more or less 
constant. Besides ozone, stratosphere also contains nitrogen, 
oxygen and small amount of water vapours. This region is free 
from turbulent conditions or' Changing weather pattern. 

(iii) Mesosphere : Next to stratosphere is, the mesosphere 

which extends upto the height of 90 km. The lowest temperature 
of -92®C is observed in this region. This is due to low 
concentrations of ozone, oxygen and nitrogen present and thus 
possesses little capacity to absorb solar radiation. - 

(iv) Thermosphere : This is the region above mesosphere 
and extends upto the height of 500 km. The temperature in this 
region rises from -92®C to 1200®C. This is due to the 
bombardment of molecular oxygen and nitrogen and atomic 
species by energetic particles, such as electrons and protons, 
from the sun. Thus, this is an electrically charged zone. 
Typical reactions in this zone are : 

N 2 —>2N Af/® = 941.4kJ 

N —> N'^+ AH^ = 1400 kJ 

O 2 > AH^= 1176 kJ 

The reverse of these processes liberates an equivalent amount 
of energy, mostly as heat. The temperature becomes about 
1000°C near 400 km height. The ionised particles are responsible 
for the reflection of radiowaves on earth and enable wireless 
communication. 




Environmental Chemistry 


929 



[The region between the altitudes of 50 km and 100 km is 
called ionosphere. In this region, there are high concentrations 
of ions like O 2 , O'*", NO'*' and electrons.] 

The region above the thermosphere which extends upto a 
height of 1600 km and merges with outerspace is called 
exosphere. It contains mainly atomic and ionic oxygen, 
hydrogen and helium. 

Chemical and Photochemical Reactions in 
Atmosphere 

Many chemical and photochemical reactions are occuring 
in atmosphere in which main constituents such as oxygen, 
nitrogen, carbon dioxide, etc., are involved. 

Reactions Occurring in Troposp here 

_ The carbon dioxi de and waten-presenL-in-atmosphere are- 

used by green plants in the presence of sunlight to form glucose. 
The process is termed as photosynthesis. In this process 
chlorophyll (the green colouring material in plants) plays a role 
of a catalyst. 


6 CO 2 + 6 H 2 O 


Chlorophyll 


CeHnOg + 6O2 


The process of photosynthesis can be represented by the 
following equations also : 

2 H 2 O-> O 2 + 4H‘" + 4e- 

CO 2 + 4H'' + 4e- -> [CH 2 O] + H 2 O 

i 

CfiHnOe 

Photosynthesis releases oxygen to atmosphere. 

In troposphere, oxygen takes part in energy producing 
reactions like burning of fossil fuels. 

CH 4 + 2 O 2 - > CO 2 + 2 H 2 O + Energy 

(Natural gas) 

Oxygen is also utilised in the degradation of organic material 
by aerobic organisms. 

^ ^ Aerobic __ _ 

Organic matter + Oo-^- > COo + HoO 

^ organisms ^ ^ 

Chemical reactions such as hydrolysis, oxidation, etc., 
involving oxygen occur at the surface of the earth. Rusting of 
iron is one such example. 

4Fe + 3 O 2 -> 2 Fe 203 

Though nitrogen by itself is inert and unreactive, its presence 
in atmosphere is extremely important, since, it dilutes the 
harmful effects of pure oxygen (in pure oxygen most of the 
organic matter is burned). Electrical disturbances in the 
atmosphere initiates reactions between nitrogen and oxygen. 

N2 + O2 2N0 2NO2 + HNO3 


Alkaline 

substances 
in soil 


Nitrates 


Free nitrogen is also converted into nitrates by nitrifying 
bacteria. This conversion is termed as nitrogen fixation. It can 
be represented as: 

Nitrogena ^ e,^ ^ ^ 

hydrogenase 

Nitrogen is returned to atmosphere by breaking down of 
nitrates in the soil in denitrification process by some soil micro¬ 
organisms. 

4 NO 3 + 2 H 2 O-^ 2 N 2 + 5 O 2 + 40H’ 

Some of the gaseous corpponents of the atmosphere like 
water vapours, carbon dioxide, nitrous oxide and methane 
allow the solar radiation to p^ss through, but do not allow the 
terrestrial radiation to escape. This is what the glass does in a 
greenhouse. The gases absorb the heat energy reflected by 
- earfeV^tnface andn^-ernit“parrortrfow^ds^eTufface”a^^ 
—heneerthe-aimearthe surface becmnes warmer ana therefore,”" 
an increase in average temperature is observed. These gases 
are called greenhouse gases and the phenomenon as 
greenhouse effect. The concentration of these gases decreases 
with height, hence the greenhouse effect decreases , Le., at 
this altitude the energy reflected by earth’s surfaceis not retmned" 
by absorption and is transmitted to outer space. For this reason 
temperature within the troposphere decreases with increasing 
altitude. It drops to about -56®C by the time an altitude of' 
10-11 km is reached. 

The concentration of the water vapours varies from place 
to place and from time to time at the same place. The global 
average of water vapours is about 1%, but it can be as high 
as 4%. The amount of water vapours over a given region also 
varies with height. About 90% of the atmospheric moisture lies 
below an altitude of 5 km. As the vapours are carried upwards, 
they cool, condense into cloud particles and return to the 
earth’s surface by precipitation (rain or snow). - 

Another important constituent of troposphere is the aerosols 
or suspended particles. In urban and industrial areas, the 
concentration of aerosols may be high. These particles are 
mostly concentrated in the lower layers of troposphere. 
Suspended particles too influence the weather conditions. Most 
of them act as nuclei around which water vapours condense 
to form clouds. They also intercept and reflect insolation of 
sun. Dense haze and smog are also caused by the presence of 
suspended particles in the atmosphere. 

Reactions Occurring in Stratosphere 

The principal chemical species present in the stratosphere 
are N 2 , O 2 , O 3 and some H 2 O. The far ultraviolet radiation 
(wavelength < 190 nm) are filtered before these reach the 
stratosphere. Ultraviolet radiations (> 190 nm and < 340 nm) 
are removed in the stratosphere due to the following reactions, 
i.e,, these dangerous and harmful radiation to living species are 
prevented to reach earth’s surface. 
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X < 240 nm ‘ 


0 + 0 


The highly reactive O atoms combine with oxygen molecules 
to form ozone. 


O + O 2 + Af -> O 3 + M (Exothermic reaction) 

where Af is some inert substance such as N 2 . The role of 
Af is to absorb some of the excess energy released and prevent 
the spontaneous decomposition of O 3 molecule. The energy 
which is not absorbed by Af is given off as heat. Ozone absorbs 
UV light between 200 and 300 nm. 

O 3 ^ ) O + O 2 

O3 + O -^ 2C2 

Hence, a cycle of ozone formation and destruction exists. 
Thus, the st ratosphere acts as a shield against UV ra diations 
which can induce skin cancer, cause g e netic mu tations and 
destroy crops and other forms of vegetation at the earth’s 
surface. The formation ^d destruction of ozone by the natural 
process is a dynamic equilibrium that maintains a concentration 
of ozone in the stratosphere. Infrared radiations to some extent 
are also absorbed and re-emitted by ozone. This is also 
responsible for temperature rise. 


Reactions Occurring in Upper Atmosphere 


In the upper atmosphere (viz., mesosphere, thermosphere 
and ionosphere) ultraviolet radiations cause photochenucal 
reactions giving rise to excited atoms, ions and electrons. 
Some reactions are given below : 


O 9 + ftv- 


135Tl76mn. 


^ 0 + 0 
Oxygen atoms 



Free ions and electrons do not survive for long in the lower 
part of the mesosphere as the density is comparatively high. 
They collide with other species to form neutral species. In the 
upper part of atmosphere, these species survive for long as the 
density of the atmosphere is low. 

The ultraviolet radiations are not available during night, so 
the ions recombine with free electrons to form neutral species. 

Importance of atmosphere : The following are the main 
advantages of the atmosphere which the nature has provided 
to living species. 

(a) The atmosphere sustains life on earth and saves it from 
the hostile environment of outer space. It absorbs most 
of the cosmic rays from outer space and major portion 
of the electromagnetic radiations from the sun. It is able 
to transmit only near ultraviolet-visible, near infrared 
radiation (300-2500 nm) and radio waves (0.10-40.0p.) 
while filtering out tissue-damaging radiation. 


(b) The atmosphere maintains the heat balance of the earth 
by absorbing infrared radiations emitted by the sun and 
re-emitted from the earth. 

(c) The atmosphere is a source of oxygen which is essential 
for life on earth. It is required for respiration and 
combustion. 

(d) The atmosphere provides carbon dioxide which is 
essential for plant photosynthesis-carbon dioxide acts 
like a greenhouse by trapping the heat. 

(e) The atmosphere supplies nitrogen. Nitrogen is fixed by 
bacteria and electrical disturbances. The nitrogen 
compounds, thus, formed are essential for growth of 
plants. Nitrogen inertness reduces the activity of oxygen. 

(f) The atmosphere serves as a storehouse for water 
vapours which leads to rainfall activity. 

.- fg) - -Ilieatmo^f^^ various n atural c y cles 

-_^uchLas_nitrogen cycle, oxygen c ycle. CO 2 c ycle, etc. 

2. HYDROSPHERE 

The total water present on the earth in solid, liquid and 
gaseous phases Constitutes the hydrosphere. Water covers 
71% of the total surface of the earth. Earth is sometimes called 
a water planet. Hydrosphere includes all types of water 
resources such as oceans, seas, rivers, lakes, streams, 
reservoirs, glaciers, polar ice caps and ground water (Le,, 
water below earth’s surface). Approximately 97.3% of the 
world’s vast supply of water is in oceans. Polar ice caps and 
glaciers provide 2 % water while underground fresh water is 
hardly 0.6%. Fresh water lakes and rivers account for less 
than 0 . 01 % of the total, yet they nevertheless, contain enormous 
amount of water (1.26 x 10^"^ m^). In vapour form, water is 
present only to the extent of 0 . 001 %. 

Water is essential to all forms of hfe. A man, on an average, 
consumes about 2.2 litre of water daily. More than 70% of the 
human’s body mass is made of water. Plants cannot survive 
without water. Water is required for domestic uses, industrial 
cooling, power generation, transportation and waste disposal 
besides for drinking and agriculture (irrigation). The 
conservation and keeping up of a good supply of water is, 
thus, very essential. 

Sea water is unfit for drinking or agriculture because each 
kilogr;im contains 35 g of dissolved salts. Most of the dissolved 
salts in sea water is sodium chloride, but more than 60 different 
elements are present in small amounts. 

Sea water contains a number of dissolved gases, principally 
nitrogen, oxygen, carbon dioxide and noble gases. Nitrogen 
and noble gases are not utilised in any biological process. 
However, oxygen and carbon dioxide play important roles in 
marine environment. The sea plants photosynthesise and respire 
both. This process only occurs near the sea surface. The 
oxygen content decreases with depth. A minima occurs in the 
200-1000 m depth range. Dissolved phosphates and nitrates^ 
act as fertihzers for phytoplanktons and other marine plants. 
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Snow and ice represent both a valuable asset and a menacing 
hazard. Snow is the principal source of water, not only in 
many of the world’s mountainous areas, but also in the densely 
settled plains and valleys. Moreover, in the critical dry years, 
snow and ice are more dependable than other sources of water. 
The most detrimental effect of snowfall lies in the disruption 
of communication systems. Glaciers cause rock erosion also. 
In recent times, the ice caps of polar regions and glaciers have 
been greatly affected on account of the global warming. 

Water for use in homes, agriculture and industry is generally 
obtained from lakes, rivers or underground scurccs. The water 
which we use for drinking purposes must be first purified to 
remove solid particles, colloidal particles, bacteria and other 
harmful impurities. Important steps for purification include 
preliminary filtration, sedimentation, sand filtration, aeration 
an^^sterifrsafidirThelpnfredl^e^ upto 0.5 g/L 

Qf ^QYgantc W 

and HCO 3 but in such low concentrations these ions are not 
harmful. The circulation of water between hydrosphere, 
atmosphere, lithosphere and biosphere is called the hydrological 
cycle. 

-Wateriran excellent solvent for many of the cheimcals 
make up our bodies, as well as for a wide variety of other 
substances. The importance of water as a slovent in living 
organisms and in the environment is given in the following 
points: 

(i) Blood plasma is an aqueous solution containing a variety 
of life-supporting substances. Inhaled oxygen dissolves 
in blood plasma in tiie lungs where O 2 combines with 
haemoglobin. Blood carries dissolved CO 2 to lungs to 
be exhaled from the body, 

(ii) Water transports nutrients into all cells and organs of 
our body. 

(iii) Water helps to maintain a chemical balance in the body 
by flushing waste products out. 

(iv) By dilution, water reduces the concentration of pollutants 
to safe levels or by carrying them away. 

(v) Plants take up nutrients from soil with the help of water. 
Water transports these materials into various parts of 
the plant. 

(vi) Rain water carries substances from atmosphere down 
to earth. 

3. LITHOSPHERE 

It is the solid component of the earth consisting of soil, 
rocks, mountains, etc. It is the region which interacts with 
hydrosphere, atmosphere and biosphere. The earth comprises 
of three layers, viz,, crust, mantle and outer and inner core. 
The outermost solid portion, which is about 8-40 km above 
the mantle, is known as crust The surface of the earth is 
covered with soil. It is the most important part of the lithosphere 
from the point of view of environment. Soil contains weathered 
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rocks as well as organic matter. It is a storehouse of minerals 
and is used for growing plants. The top layer is vital component 
since all the nutrients required by plants are present in this 
layer. A healthy soil always consists of micro-organisms such 
as bacteria, fungi, algae, protozoa, worms, etc. The top layer 
of the soil is actually the feeding zone of plants. Thus, the soil 
erosion must be avoided to maintain the fertility of the soil. 

4. BIOSPHERE 

It refers to that part of the earth in which all life forms exist. 
Biosphere represents an interface between the non-living and 
the living. Biosphere extends from approximately 6 km above 
the sea level to about 10 kra below the sea level. Living organisms 
and their non-living environment are inseparably interrelated 
_ mdinteract^iip0n^eadr^crther4R^an-oid^ly-ffltaBner-s0 tha^lhere“ 

_is^aoiLtinnou.S-flow.^of^mergy^and matter-”between““theiB:^ 

Biosphere is equipped with certain special conditions which 
are necessary to support life. These conditions are: 

(i) A supply of air and water is available. 

(ii) A suitable tempi^rature range exists, ' 

(iii) An area where Jhe interface between -lithosphere,- 

atmosphere and hydrosphere exists is available. 

(iv) A supply of usable energy is available. 

(v) A supply of nutrients is available, _ 

A community of organisms interacting with each other 

and with their non-living surroundings is called an 
ecosystem. Ecosystem may be small or large (Aquarium- 
small and tropical forest-large ecosystem.) Each ecosystem 
has its two parts: living and non-living, ie,, biotic and abiotic. 
Human activities can enhance the life supporting characteristics 
of the ecosystem or can degrade them as well. 

Energy for the biosphere is provided through the action of 
photosynthesis. In this process, green plants use solar energy, 
extract CO 2 and H 2 O from atmosphere and convert them into 
carbohydrates. The carbon is then said to be fixed by plants. 
The energy stored in the fixed carbon flows through the biotic 
community. — 

The elements needed by living organisms are of two types: 

(i) Macronutrients and (ii) Micronutrients. 

(i) Macronutrients : These elements are required in 
substantial quantities by living organisms. These elements are 
H, C, O, N, Ca, K, Si, Mg, S, P and Na. Carbon, hydrogen and 
oxygen are the main constituents of organic living matter. 
Nitrogen is contained in amino acids and proteins. Phosphorus, 
calcium and silicon are required for skeletal structure of 
vertebrates. Sodium and potassium play a role in regulating 
osmotic pressure in living cells. Magnesium is an essential 
constituent of chlorophyll and enzymes. Sulphur is the 
constituent of some of the essential amino acids. 

(ii) Micronutrients : These elements are required by living 
organisms in smaller quantities. These elements, however, are 
as vital as macronutrients. These are also called tracer 
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elements* Examples of tracer elements are: Al, Cl, Fe, Mn, 
Mo, etc. These elements play a specialised role in biochemical 
reactions such as photosynthesis and metabolism. 

For terrestrial ecosystems, soil serves as a medium of entry 
of the nutrients into living organisms. Plants absorb their 
nutrients from the soil through their roots. With these they 
synth^ise essential biomolecules upon which they, as well as 
other living species, depend. 

Biogeochemical cycles: In order to maintain the biosphere 
and thus life, chemical elements must be recycled so that after 
use they become available again. A number of biogeochemical 
cycles or natural cyclic processes are taking place in the 
environment which keep a balance of the different materials 
present in the environment. 

A biogeocheniical cycle or natural cyclic process is 
iMned^n^processinrwlriehraitiiateriafofthe^enyiFcwiiiieiit 
is t^onsumed-in^some ways^ and then reproduced in^other- 
ways so that a balance of that material is maintained in 
the environment. 

The following biogeochemical cycles are occurring in the 
environment. 

(i) Water cycle (ii) Carbon cycle 

(iii) Nitrogen cycle (iv) Oxygen cycle 

(v) Phosphorus cycle (v) Sulphur cycle, etc. 

ENVIRONMENTAL POLLUTION AND 
ENVIRONMENTAL POLLUTANTS 

The term environment as far as pollution is concerned, 
includes the air, the water and the land (soil). The pollution of 
our environment is one of the biggest hazards that humanity 
faces today. Pollution is a gift of industrial civilization. Progress 
in agriculture and industry have resulted into unlimited 
exploitation of every bit of natural resource. Such activities of 
man have adverse effect on all forms of living organisms in the 
biosphere. The unfavourable conditions created by man himself 
has threatened the survival not only of man himself but also of 
other living organisms. For the smooth growth and development 
of all living organisms, a balanced or natural environment is 
required which has been provided by nature. In balanced 
environment, the various components are present in a definite 
ratio and proportion. When the ratio of one or more components 
of the balanced environment is disturbed by natural happenings 
or human activities, it is said that the environment has been 
polluted. 

Thus, any undesirable change of the physical, chemical 
or biological characteristics in the air, water and land 
which is harmful to man directly or indirectly through his 
animals, plants, industrial units or raw materials is termed 
environmental pollution. 

Pollution may be natural or man-made (artificial), 

(i) Natural poUution: It originates from natural processes. 
A few examples of natural sources of pollution are: 



(a) Volcanic eruptions; (b) Forest fires and coal mines fire; 

(c) Bacterial decomposition of agricultural matter; (d) Pollen 
grains of flowers; (e) Excreta of animals; (f) Floods; (g) 
Radioactive substances, 

(ii) Artificial pollution : It originates from the activities 
of man. Environmental deterioration by man is attributable to 
three major factors: (i) over-population (ii) urbanisation and 
(iii) industrialisation. The increasing amount of wastes generated 
by these three phenomena undoubtedly degrades the quality of 
land, air, water and food. When the waste products are not 
efficiently assimilated or decomposed or otherwise removed 
by the natural, biological and physical processes of the 
biosphere, advise effects may result as the materials responsible 
for pollution accumulate or are converted to more toxic 
substances. Anything, if present in the environment in excess 
—ofperHussibWimits^eauses^pollutiomThe^pFoblenaof poILutioa 

—isw^^eompkx as-onc type-ofipolIution^ilWisturb^niicause_ 

pollution in other systems also. 

Pollution, thus, means : 

(i) The presence of anything in the environment in excess 
of required amount. 

(ii) -Anythmg^putMo,the.„emvkomnentjwhicfrwas. n^^^^ 
in its natural state. 

(iii) Direct or indirect changes in one or more components 
of the ecosystem which are harmful to living organisms. 

(iv) Intentional or unintentional release of any chemical or 
geochemical substance in the enviromnent with adverse, harmful 
or unpleasant effects. 

Today everything is polluted. The air we breathe is polluted 
by automobile exhausts, industries, thermal power plants, etc. 
The fruits and vegetables are polluted due to the use of pesticides 
and insecticides and water in lakes and rivers has been polluted 
by wastes from chemical and other factories, by sewage due 
to uncontrolled population ^d use of plastic niaterials. 

Although pollution is as old as man himself, but his awareness 
about it is only very recent. Concern over the state of 
environment has grown over since the sixties. The catastrophic 
events like the Bhopal gas tragedy, the Chernobyl nuclear reactor-- 
breakdown, etc., have given us a warning about the dangers 
of pollution. It is, thus, the duty of every citizen, every nation 
and every govemmi^'nt to take concrete steps to minimise and 
control pollution. 

Pollutants 

Pollutants are chemical, biological or physical agents 
that exert undesirable effects on living organisms including 
human health, environment or belongings* According to 
'*The Indian environment (Protection) Act 1986'\ a pollutant 
has been defined as any solid, liquid or gaseous substance 
present in such concentration as may be or may tend to 
be ipjurious to the environment. In a very simple way, a 
pollutant can be defined as a substance or an agent which 
causes pollution. 
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Various types of pollutants are listed below: 

(i) Chemical agents: 1 

Gases and particulates; Heavy metals; Pesticides; 
Petroleum; Solid and liquid wastes 

(ii) Physical agents: 

Heat; Odour; Noise; Radiation 

(iii) Biological agents: 

Micro-organisms; Population 

Odum, in 1971, gave a different classification of pollutants. 

He divided them into two basic types from an ecosystem point 
of view, 

(a) Non-degradable pollutants : These are poisons like 
mercuric salts, aluminium cans, lead compounds, long chain 
phenolic chemicals, pesticides, etc. which either do not degrade 
or-de^ade-very-slowly in-the-eeosystem-naturaliyrThese are— 

-notHFeeyoled-inrmatural-environmentT^hese-substances are - 
harmful even in low concentrations. 

(b) Bio-degradable pollutants : These are domestic 
wastes which can be rapidly decomposed under natural 
processes by micro-organisms. However, when accumulation 
of these occurs, complete degradation does not take place, 
then these pollute the biosphere and create problems. 

The various principal environmental pollutants are : 

(i) Deposited matter-Soot, smoke, tar, dust, grit, etc. 

(ii) Gases-Oxides of nitrogen (NO, NO 2 ), sulphur dioxide 
(SO 2 ), carbon monoxide, halogens, etc. 

(iii) Ruorides 

(iv) Acid droplets-Sulphuric acid (H 2 SO 4 ), nitric acid 
(HNO 3 ), etc. 

(v) Metals-Mercury, lead, iron, chromium, zinc, cadmium, 
nickel, tin, etc. 

(vi) Agrochemicals-Pesticides, herbicides, fungicides, 
bactericides, insecticides, weedicides and fertilizers, etc. 

(vii) Photochemical oxidants-Peroxyacetyl nitrate (PAN), 
peroxybenzoyl nitrate (PBN), aldehydes, ethylene, ozone, 
photochemical smog, etc. 

(viii) Petroleum and complex organic compounds. 

(ix) Sewage due to uncontrolled population and faulty urban 
planning. 

(x) Radioactive waste. 

(xi) Noise and heat. 

19^ SOME COMMONLY USED TERMS IN 
"" ENVIRONMENTAL POLLUTION 

1. Contaminant: A substance which does not exist in nature 
but is introduced by human activity into the environment is 
called contaminant. It may or may not be harmful to the living 
organisms or non-living materials. The contaminant becomes 
pollutant when it has harmful effect. For example, methyl 
isocyanate vapours leaked from a defective tank killed many 
persons and caused respiratory, lung, eye and throat problems 
to others in Bhopal can be called contaminant, as it does not 
occur in atmosphere but it can be termed pollutant also as it 


has dangerous effects. Generally, highly toxic materials are 
considered as pollutants. 

2, Source : The site from which the pollutants or 
contaminants originates is called source. The knowledge about 
the source is important because it helps to devise the methods 
to eliminate or minimise the pollutant. 

3. Sink : The material or medium which removes or 
interacts with a long lived pollutant is called sink. For example, 
oceans act as sink for atmospheric carbon dioxide and other 
water soluble gases. Limestone minerals act as sink for oxides 
of sulphur and sulphuric acid (acid rain), 

CaCOs SO 2 -> CaSOs -h CO 2 

CaCOs SO 3 -> CaS 04 + CO 2 

CaC 03 -K H 2 S O 4 -> CaS 04 CO 2 + H 2 O _ 

_ 4. Receptor ; Anything that iwffex_teri-OX_jsp_oile_dLJ3y^ 

pollutants is called receptor. For example, marble structures 
are receptors of acid rain. Human beings are receptors of 
photochemical smog which causes irritation in the eyes and 
brings breathing problems. 

5. Threshold Limit Value (TLV) : The permissible limit 
of a pollutant in the atmosphere to which if a healthy person 
is exposed for 8 hours a day or 40 hours a week for life time, 
there is no adverse effect on him, is called threshold linut 
value. For example, TLV of CO is 40 ppm while that of CO 2 
is 5000 ppm. 

TYPES OF POLLUTION 

The usual practice to classify pollution is on the basis of 
medium or component of the environment polluted. The 
common types of pollution are: 

1. Air pollution 

2. Water pollution 

3. Soil or Land pollution 

Sometimes, the classification is done according to the type 
of pollutant by which the pollution has been caused. The 
following types of pollution have been observed on this basKT 

(i) Air pollution 

(ii) Water pollution 

(iii) Soil pollution 

(iv) Noise pollution 

(v) Thermal pollution 

(vi) Radiation pollution 

(vii) Marine pollution 
(viii) Solid waste pollution 

(ix) Industrial pollution 

(x) Plastic pollution 

(xi) Oil pollution 

(xii) Soap and detergent pollution 
(xiii) Metal toxicity pollution 
(xiv) Smog pollution 

In this unit, we shall study the first three types of pollution. 

(i) Air pollution (ii) Water pollution and 

(iii) Soil pollution 
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It is usually difficult sometimes to specify that a particular 
agent is an air pollutant, or a water pollutant or a soil pollutant. 
For example, a pesticide when sprayed might partly contaminate 
the air in vapour form, soil by adsorption and water running 
through a sprayed field. 

19-61 AIR POLLUTION 

Air is one of the most important constituents of man’s 
environment. It has been calculated that a man breathes about 
22,000 times a day inhaling about 16 kg of air by mass. Air is 
present everywhere. Air is essentially a mixture of gases. Due 
to the activity of living organisms, different gases in the 
atmosphere are found in a definite ratio and proportion. There 
is cycling of gases between the living organisms and atmosphere. 
-lUis-due-ta organisms-that-oxy^en-an(LcarbDiLiiioxide_are_-- 
--foun(L-in-a^-balance(Lstate_in_the_atmospliere.-Atmosphere. __ 
maintains a narrow difference of day and night temperatures. 

It acts as a shield around the earth against lethal UV radiation 
and meteors. Without atmosphere, there will be no lightning, 
no wind, no clouds, no rains, no snow and no fire. 


GR.B. Inorganic Chemistry for Competitions 

Air is the foremost susceptible component of our environment 
prone to pollution. Man has disturbed the favourable and natural 
air atmosphere in different ways, by removal of plants, by 
development of various industrial establishments, by burning 
of fossil fuels, etc. Pollution of air may have profound health 
effects and other consequences. 

The composition of pure dry air has been given in section 
19.2. Air pollution occurs when the concentration of a particular 
component of the air crosses the threshold limit value and 
becomes harmful. ‘ 

Air pollution may be defined as any atmospheric 
condition in which certain substances are present in such 
concentrations that they can produce undesirable effects 
on man and his environment. According to WHO, air 
pollution may be defined as follows: “Substance put into air 

by the activity of mankind in a concentration sufficient to_ 

cause harmful effect to his health, vegetables, property 
or to interfere with the enjoyment of his property”. 

The study of air/atmospheric pollution mainly consists of 
the study of the two lower parts of atmosphere, i.e., upto a 
height of about 50 km above the surface of the earth. 
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Fig, 19.1 Sources of air pollution and effects of air pollution 
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L Tropospheric poUutldn ' 

2 . Stratospheric polluticii 

Tropospheric pollution is much more wide spread. The 
main pollutants of this sphere are gases such as oxides of 
nitrogen, oxides of sulphur, oxides of carbon, hydrogen sulphide, 
hydrocarbons, etc., and particulated matter such as dust, smoke, 
mist, fumes, aerosols, etc. Most of these substances are 
naturally present in definite proportions and are usually 
considered to be harmless but when their concentrations cross 
the threshold value limit, they become pollutants. 

Stratospheric pollution is mainly due to depletion of ozone 
layer which may affect plants and human life adversely as UV 
radiations reach the earth. 



There are-two-mM-sources ^f-air-pollution.- 

1* Natural sources ; The natural sources of air pollution 


are: 

(a) Volcanic eruptions emitting poisonous gases such as CO, 
SO 2 , H 2 S, etc. 

(b) ForestJBres (caused by hghn^ . ^ 

(c) Pollen grains dispersal 

(d) Bacterial decomposition of organic matter 

(e) Wind erosion of soil 

(f) Natural radioactivity, etc. 

2. Man-made sources, Le.y sources due to human 
activities : 

The human activities responsible for air pollution are 
summarised as: 

(a) Burning of fossil fuels such as coal, wood, etc. 

(b) Combustion of gasoline in the automobiles 

(c) Deforestation 

(d) Overpopulation 

(e) Fast industrialisation 

(f) Agriculture activities 

(g) Nuclear explosion, etc. 

Air Pollutants 

Air pollutants are classified into two types: 

1. Primary pollutants 

2. Secondary pollutants 

!• Primary poUutants : These are harmful chemical 
substances which enter directly into the atmosphere as a result 
of natural and human activities. These include inorganic gases 
such as sulphur dioxide, carbon monoxide, hydrogen sulphide, 
nitric oxide, carbon dioxide, ammonia, hydrogen fluoride, etc., 
hydrocarbons and radioactive substances, particulate matter 
such as ash, dust, smoke, fumes, aerosols, etc. 

2. Secondary pollutants : These are , harmful chemical 
substances which are formed by chemical interactions among 
primary pollutants and normal atmospheric constituents. For 
example, sulphur dioxide is a primary pollutant. It reacts with 
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oxygen in the atmosphere to form sulphur trioxide which further 
reacts with water vapours to form sulphuric acid. 

2 SO 2 + O 2 -> 2 SO 3 

SO3 + H2O-^ H2SO4 

Thus, sulphur trioxide and sulphuric acid are secondary 
pollutants. 

The common secondary pollutants are: 

NO2, HNO3, O3, H2O2, aldehydes, ketones, various nitrates 
and sulphates formed in soil, etc. The major processes that 
convert the pollutants from their primary forms to secondary 
forms are oxidation, dissociation and dissolution. 


Reaction 

Primary pollutant 

Secondary pollutant 

Oxidation 

Sulphur dioxide 

Sulphur trioxide 


nC®)on monoxide 

Carbon dioxide 

Dissociation 

Hydrogen sutpMde 

Nitrogen dioxide 

SulpKuTffioxide 

Nitric oxide + oxygen 

Dissolution 

Oxygen (molecule) 
Hydrocarbons and aldehydes 
Carbon dioxide 

Oxygen (atomic) 
Organic radicals 
Carbonic acid 


Sulphur trioxide 

Sulphuric acid 


Nittbpndibxid'e . 

Nitric/Nitrous acid 


Major Air Pollutants of Tropospheric Pollution 

More than 90% of the air pollution (tropospheric pollution) 
is caused by the following five major pollutants. 

1 . Carbon monoxide (CO) 

2. Oxides of sulphur (SOj) 

3. Oxides of niteogen (NOx) 

4. Hydrocarbons (C^Hy) 

5. Particulates 

Each of these pollutants is discussed one by one with respect 
to its sources, its harmful effects and methods to control it. 

1. Carbon monoxide (CO) 

Carbon monoxide (CO) is a colourless, tasteless and 
odourless gas. It is 96.5% as heavy as air and is not apprec iably 
soluble in water. It constitutes the single largest pollutant in 
urban atmosphere. It is highly toxic as it has a strong affinity 
towards haemoglobin of the blood and renders it ineffective 
in blood streams for oxygen supply. The gas is fatal over 
1(X)0 ppm, causing unconsciousness in an hour and death in 
four hours. If the gas is inhaled for few hours at even a low 
concentration of 200 ppm, it causes symptoms of poisoning. 
The accepted maximum allowable concentration (MAC) for 
occupational exposure is 50 ppm for 8 hours. 

Carbon monoxide is generated by natural sources and 
man-made sources. Natural processes produce a larger amount 
of carbon monoxide than man-made processes. 

(a) Natural sources : The chief natural processes which 
contribute CO to atmosphere are: 

(i) Volcanic eruptions 

(ii) Forest fires 
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(iii) Methane (an important and major constituent of natural 
gas and produced by bacterial decay of living or organic 
matter) on oxidation under controlled conditions gives 
CO. 

(iv) Decomposition or degradation of chlorophyll. 

(v) The surface waters of western Atlantic ocean have been 
found to be supersaturated with CO. This is given to 
atmosphere. The production of CO in the ocean is 
biological. Marine algae and marine siphonophore produce 
carbon monoxide. 

(b) Man-made sources : The main sources are: 

(i) Incomplete combustion of fuels containing carbon : 

Approximately 80% CO comes from automobiles. In 
urban areas, it is observed that there is relatively high 
concentration of CO dur ing peak hours. It^has been 
estimated that for every litre of petrol by automobile 
.about 370 g carbon monoxide is released as vehicular 
exhaust. The consumption of petroleum products and 
the number of automobiles are increasing at an alarming 
pace; thus CO levels will also increase and making the 
atmosphere as health hazaid. Various forms of indoor 
cbmbiistiohTlevices such as powSriHSiSes, "ps 
heaters and charcoal braziers .emit carbon monoxide. 

(ii) Carbon monoxide is ejectdd from waste disposal 
combustion, coal mines and power plants. 

(iii) Cigarette smoke contains about 2 % carbon monoxide 
due to incomplete combustion of tabacco. 

(iv) Carbon monoxide is generated during several operations 
in iron and steel industry. Carbon monoxide is also a 
constituent of several industrial gases. For example, coal 
gas contains 5-10% CO and water gas contains 30-40% 
CO. 

(v) Agricultural waste burning contribute a considerable 
amount of carbon monoxide. 

Sinks of carbon monoxide : Though natural processes 

and human activities are releasing large amounts of carbon 

riionoxide in atmosphere, yet the level of CO in air does not rise 

too much. This is due to the presence of some natural sinks. 

(i) Soil acts as an impuitant sink for carbon monoxide. A 

number of soil bacteria such as Methanosarcina barkerii 
and Methanobacterium formicum are known to removd 
carbon monoxide. In the presence of these bacteria C^ 
is either oxidised or converted into methane. * 

2CO + O 2 —^2^2C02 

bacteria 

CO + 3 H 2 —CH 4 + H 2 O 
bacteria 

Note : Urban areas face a greater threat of CO poisoning as the soil is 
covered by concrete and buildings and soil bacteria is not effective. 

(ii) Some of the species such as hydroxyl (OH), perhydroxyl 
(HOO) radicals, atomic oxygen, ozone, nitrogen dioxide, 
etc., which exist in atmosphere can oxidise CO into CO 2 . 


CO + OH —^ CO 2 + H 

CO + O-> CO 2 

CO + O 3 -> CO 2 + O 2 

(iii) The carbon monoxide may be transported from 
troposphere to stratosphere where it is readily oxidised 
into carbon dioxide by atomic oxygen, ozone, etc. 

Harmful effects of CO : During breathing, the haemo¬ 
globin (Hb) present in the red blood cells combines with oxygen 
reversibly to form oxyhaemoglobin. 

Hb + O 2 -^ Hb02 

The oxyhaemoglobin travels to the different parts of the 
body through arteries where it gives up oxygen and takes up 
CO 2 for return to the lungs where it is exhaled. 

In case, the air which we breathe contains CO, it combines 
f^dywitirHaemopobiir^COTias^ZOIJtmSk^ 
oxygen for haemoglobin). Du^ to formation of carboxyl 
haemoglobin (HbCO), the quantity of oxygen available to the 
body cells gets reduced, Le,, carbon monoxide reduces the 
oxygen carrying capacity of the blood and this leads to oxygen 
starvation (anoxia). The deficiency of oxygen produces 
headache, drowsiness, “ choking; “cardiac and putmonaory 
complications leading to paralysis and death. 

[(i) Smokers are more prone to anoxia. Pregnant women are 

advised not to smoke as increased CO level is injurious " " 
for unborn child. 

(ii) It is dangerous to sleep in a closed room with a coke fire 
burning inside during winter night, 

(iii) In case, carbon monoxide poisoning is detected well in 
time, the person can be treated by exposing him to oxygen 
under pressure (2-2.5 atm). Carbon monoxide of the 
carboxyhaemoglobin is replaced by oxygen and the victim 
may be revived. 

HbCO + 02->Hb02 + CO] 

Carbon monoxide has harmful effects on plants also when 
exposed for sufficient time. It reduces the nitrogen fixing 
ability of the bacteria. It also affects leaf drop, leaf curling, 
decrease in leaf size and premature ageing of the plants. 

Control of Carbon Monoxide Pollution 

The internal combustion engines in the automobiles are the 
primary sources of carbon monoxide emission. The engines 
emit a mixture of gases consisting of carbon monoxide, oxides 
of nitrogen, hydrocarbons and particulates. It is observed that 
if a particular method is used to control any one of these 
pollutants, than it results in the increase of other pollutants. For 
example, when air-fuel ratio (wt/wt) is 16 : 1 , the emission of 
carbon monoxide and hydrcK:arbons is reduced but the emission 
of oxides of nitrogen increases. Thus, to minimize the emission 
of CO, suitable modifications are needed in the internal 
combustion engine or in the quality of the fuel. A few of these 
modifications proposed are as follows: 
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(i) The carburettor is adjusted as to ensure proper air-fuel 
ratio. The presence of excess of air makes complete 
combustion of the fuel. 

(ii) Exhaust system is equipped with catalytic convertor 
which converts carbon monoxide into harmless products. 
Lead free gasoline is preferred these days as the catalyst 
gets easily poisoned by lead. 

(iii) Fuels such as CNG (condensed natural gas) and LNG 
(liquefied natural gas) which release minimum quantities 
of pollutants on combustion are advised to be used in 
place of gasoline. 

2. Oxides of sulphur (SO^) 

Two common oxides of sulphur represented by the formula 
jOy are sulphur dioxid es (SQ^_.und„sulphui^trioxide-TS(3ct)^ 
These are the most serious gaseous_p_oJlutants^ofihe-atmosphere. - 
Both are colourless gases with pungent odour. SO 2 is a primary 
pollutant while SO 3 is a secondary pollutant. 

Sources: 67% of the total amount of SO 2 present in the 
atmosphere is released by volcanic eruptions (natural source) 
and remaining 33% is discharged due to hunian activity.. The. 
man-made sources of SO 2 are: 

(a) Coal combustion is the predominant man-made source 
of SO 2 as its contribution is 60%. Coal contains 0.1 to 6 % of- 
sulphur. On combustion, this sulphur is oxidised to sulphur 
dioxide. 

S + O 2 -^ SO 2 

Coal is used in vast quantities in power plants and hence, 
power plants are largely responsible for release of SO 2 into 
atmosphere. 

(b) Another contributor of sulphur dioxide is the combustion 
of petroleum and its products (20%). 

(c) It is also produced when sulphide ores like pyrites (FeS 2 ), 
copper pyrites (CuFeS 2 ), zinc blende (ZnS), galena (PbS), 
copper glance (CU 2 S), etc., are roasted in air during extraction 
of respective metals. 

2FeS2 + 5 O 2 -> 2FeO + 4 SO 2 

3CU2S + 3O2-> 6 Cu -h 3SO2 

2ZnS -h 3 O 2 -> 2ZnO + 2 SO 2 

2PbS + 3 O 2 -> 2PbO + 2 SO 2 

(d) Hydrogen sulphide which is discharged into the air by 
natural processes is converted into SO 2 by oxidation in the 
atmosphere. 

2 H 2 S + 3 O 2 -> 2 H 2 O + 2 SO 2 

H 2 S + O 3 -> H 2 O SO 2 

(e) Many industries such as paper making, sulphuric acid 
manufacture, petroleum refining, etc., release SO 2 into 
atmosphere. 

(f) The sulphur dioxide persists in atmosphere for 2-4 
days. During this time it is either dispersed to far away locations 
or oxidised to sulphur trioxide. The oxidation of sulphur dioxide 
can occur both photochemically or non-photochemically. In 


the near ultraviolet region, the excited SO 2 molecules react 
with ozone (photochemical), 

SO2 + 03 SO3 + 02 

Similarly, excited SO 2 molecules react with molecular 
oxygen. 


2 SO 2 + 02 2 SO 3 

Non-photochemically, sulphur dioxide may be oxidised by 
molecular oxygen in presence of dust and soot particles. 


2 SO 2 + O 2 


Particulates ^ 2 SO 3 


SO 3 immediately combines with moisture in atmosphere to 
form sulphuric acid. 


SO 3 H 2 O-> H 2 SO 4 (Sulphuric acid) 

_ _ _ The-sulphurie-aeidrformed conies down to the earth as^ acid- 
rain^-—--—-—-—^~ 

Sinks of oxides of sulphur : SO 2 is moderatory soluble 
in water forming a weak acid solution. 

SO 2 + H 2 O-> H 2 SO 3 (Sulphurous acid) 

Oxides of sulphur are also converted into H 2 SO 4 (sulphuric 
acid). Both the acids in the form of “acid rain come down oiT 
the eaith where they meet with alkaline substances especially 
limestone minerals and sulphates are formed. In this way oxides 
of sulphur are removed from the atmosphere. 

CaC03 -h H2SO4-> CaS04 + H2O -h CO2 

CaC03 + H2SO4-> CaS03 + H2O + CO2 

Thus, limestone minerals act as sink for oxides of sulphur. 

Harmful effects of oxides of sulphur : (i) Both SO 2 and 
SO 3 are highly irritating gases to respiratory tract of human 
beings and animals. Even at low concentration (about 5 ppm), 
it causes drying of mouth, throat and eye irritation. It brings 
breathlessness and affects larynx (voice box). Higher 
concentrations of SO 2 may cause lung disease and even lung 
cancer. SO 3 is more harmful than SO 2 . 

(ii) Sulphur dioxide has a very damaging effect on plants 
even at very low concentration (0.03 ppm). It affects plant- 
growth and nutrient quality of plant products. Plants exposed 
to SO 2 for sufficient time suffer from Chlorosis disease, 
bleaching or yellowish of green portions of the leaves. 

(iii) The oxides of sulphur as such or in the form of acids 
(sulphuric acid and sulphurous acid) affect or damage a number 
of materials. For example, 

(a) Building materials such as limestone, marble, slate, etc., 
are damaged due to following reaction. 

CaC03 + H2SO4-> CaS04 + H2O + CO2 

(b) Metals, particularly iron, are corroded. 

(c) Fading and deterioration of fabric, leather, paper and 
paints occur in the atmosphere having oxides of sulphur. 

Control of SO 2 pollution : The following methods can 
be applied to control SO 2 pollution. 

(i) By use of low sulphur content fuels such as natural 
gas or sulphur free fuels : A number of steps are being 
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taken to make coal sulphur free before it is put to combustion. 
The combined sulphur such as iron pyrites is removed by 
subjecting grounded coal to hydraulic washing. Iron pyrites, 
being heavier settle down while coal fixjm pyrites floats on the 
surface and is collected. The free sulphur is removed by passing 
hydrogen gas over the fuel in presence of catalyst. The sulphur 
is converted into H 2 S which is absorbed in a solution of 
diethanolamine. 

(ii) By removal of oxides of sulphur from flue gases : 

The oxides of sulphur can be removed from flue gases by use 
of chemical scrubbers. The flue gases are passed through the 
scrubber containing slurry of limestone or lime. 

CaCOs + SO 2 -> CaSOa + CO 2 

CaCOa + SO3-> CaS04 + CO2 

Ct@) 2 ^+W 2 ^"=TCaS 03 “+li^... '. 

SO 2 can also be removed by the use of a solution containing 
citrate ions. 

SO2 + H2O HSOi + H+ 

HSOi + H2Cir [HS 03 H2Cit]^'^ 

Complex 

Citrate ions are regenerated by use of H 2 S gas. Ihire sulphur 
is obtained as a byproduct. 

(iii) By using alternate sources of energy such as 
hydroelectric power plants and nuclear power plants instead of 
thermal power plants. 

3. Oxides of nitrogen (NOx) 

Nitrogen forms a number of oxides, viz., nitrous oxide 
(N 2 O), nitric oxide (NO), nitrogen dioxide (NO 2 ), dinitrogen 
trioxide (N 2 O 3 ) and dinitrogen pentoxide (N 2 O 5 ). However, 
from the point of view of atmospheric pollution, the first three 
are important which are found in significant amounts in 
atmosphere. The normal global concentration of nitrogen oxides 
should be 3 X 10”^ ppm but the concentration in some cities 
is found as high as 2 ppm. Major sources of oxides of nitrogen 
in the atmosphere are as follows: 

Natural sources : (i) Nitrogen comprises about 78% by 
volume of the atmosphere and oxygen as 20%. The two gases 
do not react with each other unless the temperature is very 
high. During thunderstorm and lightning, nitrogen and oxygen 
combine to form nitric oxide, which is ftirther oxidised to 
nitrogen dioxide. 


N 2 + O 2 •<- 
2NO + O 2 


El^tric 

discharge 


2NO 


^ 2 N 02 - 


(ii) The oxides of nitrogen in atmosphere come from bacterial 
decay of organic matter by soil micro-organisms on the surface 
of the earth. 

(iii) Nitrous pxide is formed by the action of aerobic and 
anaerobic bacteria in the soil on nitrogen based fertilizers. 

Man-made sources : (i) Combustion of fossil fuels such 
as coal, oil, natural gas, gasoline, etc., in automobiles and 


power plants produces high temperatures at which nitrogen 
and oxygen combine to form nitric oxide and nitrogen dioxide. 

(ii) Chemical industries involving manufacture of H2SO4, 
HNO3, produce oxides of nitrogen as byproducts which are 
released into atmosphere. 

Harmful Effects of Oxides of Nitrogen 

(i) Nitric oxide is biologically less active and less toxic than 
nitrogen dioxide. It does not have harmful effects on human 
beings and animals. However, it is readily converted into nitrogen 
dioxide by atmospheric oxygen. NO2 is extremely toxic to 
living tissues. It can cause irritation in eyes, nose and throat. 
The oxides of nitrogen can cause viral infections. Higher doses 
of NO2 are responsible for bronchitis and respiratory problems. 

-Like-CO, NO combines-with-haemoglobin-and-reduces-^its- 
oxygen transport efficiency. .... 

(ii) The oxides of nitrogen suppress the growth of plants 
and damage leaf tissues. Higher concentrations of NO 
(10 ppm) can cause decrease in photosynthesis. 

(iii) Sunlight decomposes NO2 into NO and active oxygen 

atoms. ..... .. 

NO2 ) NO + O 

Active oxygen atoms react with traces of hydrocarbons 
present in the atmosphere and produce materials which are 
responsible for photodiemical smog. The smog is a health 
hazard. 

(iv) NO 2 combines with atmospheric moisture to form a 
mixture of nitric and nitrous acids. 

2NO2 + H2O-> HNO3 + HNO2 

These acids are carried to earth as acid rain. Acid rain 
reduces pH of the soil and thus reduces its fertility. The acid 
rain has a corroding effect on buildings and metallic structures^ 

(v) The oxides of nitrogen can cause fading of dyes used 
in colouring textiles. 

Sinks of Oxides of Nitrogen 

The oxides of nitrogen are not very stable. The average life 
of NO is 4 days and that of NO 2 is 3 days. During this period, 
either the oxides are decomposed into N 2 and O 2 or converted 
into nitric acid through the following reactions: 

2NO + O 2 -> 2 NO 2 

3 NO 2 + H 2 O-> 2 HNO 3 + NO 

4NO2 + 2H2O + O2-> 4HNO3 

Nitric acid comes down from the atmosphere to the surface 
of the earth in the form of acid rain. The acid reacts with bases 
to form nitrates. 

Some natural processes and photochemical feactions also 
remove oxides of nitrogen in the atmosphere and serve as sinks. 

Control of NOx Pollution 

(i) The flue gases coming out from power plants or industrial 
units can be made from oxides of nitrogen and SO 2 by 
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scrubbing them with alkaline solutions of Ca(OH )2 and 
Mg(OH )2 or with sulphuric acid. The following reactions occur 
when H 2 SO 4 is used for scrubbing. 

NO2 + SO2 + H2O-> H2SO4 + NO 

NO + NO2-> N2O3 

N2O3 + 2H2SO4-> 2NOHSO4 + H2O 

The flue gases thus freed from NO 2 and SO 2 are released 
into atmosphere. 

(ii) Catalytic converters are used in automobiles which 
convert the vehicular exhausts into free nitrogen and traces of 
ammonia. 

4- Hydrocarbons (CxHy) 

These are the chemical compounds of carbon and hydrogen 

chain or can hwe a ring stnicfafer Th(^ 
hydrocarbons involved in air pollution are those which are 
volatile or in gaseous state under ordinary atmospheric 
conditions. The hydrocarbons in air by themselves alone cause 
no harmful effects. They are of concern because hydrocarbons 
undergo chemical reactions in the presence of sunlight and 
nitrogen oxides forming photochemical oxidants of which the 
predominant one is ozone. Methane is the main hydrocarbon 
present in atmosphere. The other hydrocarbons present are 
ethane, ethylene, acetylenev-f>ropane, n-butane, isopentane, 
toluene, n-pentane, m-xylene, isobutane, etc. 

Sources 

(a) Natural sources : (i) Methane is emitted in large 

quantities during anaerobic decomposition of organic matter in 
soil, water and sediments. 

(ii) Forest firesNand trees emit large amounts of hydrocarbons 
into atmosphere. 

(b) Man-made sources : (i) Incomplete combustion of 

fossil fuels in industry and thermal power plants and the exhaust 
of automobiles are releasing unbumt hydrocarbons into the 
atmosphere. This source contributes about 15% hydrocarbons. 

(ii) Solvents used in many industrial operations escape into 
air due to evaporation. This contributes about 10% to the total 
hydrocarbon pollution. 

Harmful effects : (i) Hydrocarbons, particularly aromatic 

cause irritation in eyes, nose, lungs, etc. Hydrocarbons are 
carcinogenic, i.e., they cause cancer. 

(ii) Hydrocarbons harm plants by causing ageing, break¬ 
down of tissues and shedding of leaves, flowers and twigs. 

(iii) Methane is an important greenhouse gas which can trap 
20 times more heat as compared to carbon dioxide. 

(iv) Hydrocarbons undergo chemical reactions in the 
presence of sunlight and oxides of nitrogen forming 
photochemical oxidants and photochemical smog which have 
highly harmful effects on human being as well as plants. 


5. Particulates or Suspended Particles 

In general the term particulate refers to all atmospheric 
substances that are not gases, Le., they are minute solid particles 
or liquid droplets or mixtures of the two in air. Particulates can 
be composed of inert or extremely reactive materials of varying 
size. Particulate matter may be viable or non-viable. The viable 
particulates are the minute living organisms that are dispersed 
in the atmosphere. It includes bacteria, fungi, moulds, etc. The 
non-viable particulates are the different chemical substances 
which enter the atmosphere from various sources. 

The size of the particulates ranges from a diameter of 
0.0002 |i (about the size of a small molecule) to a diameter of 
about 500 |i (I |i = 10“^ m). The hfe-time of the particulates 
also ranges between a few seconds and several months. This 
life-time depends upon the s ettli ng rate w hich in turn is^ 
dependent on the size and density of the particles and the 
turbulence of the air. Particulates have the ability to act as sites 
for sorption. This property depends on the surface area which 
is large for most of the particulates. The process of sorption 
occurs when an individual molecule impacts on the surface of 
a p^iculate and does not rebound but sticks or sorbs. 

Sources of particulates : There are four main types of 
non-viable particulate matter in the atmosphere. These are 
mists, smoke, fumes and dusts. 

(a) Mists : These are those particles that are produced by 
spray liquids and formed by the condensation of vapours 
in air. Examples, of this type can be portions of 
insecticides and herbicides that miss their targets and 
travel through the air. 

(b) Smoke : It contains very small soot particles which 
can be liquid or solid. These are produced by burning and 
combustion of organic matter. Oil smoke, tobacco smoke 
and carbon smoke are typical examples of this type. 

(c) Fumes : These are condensed vapours. Fumes of 
metals are the well known particulates of this type. These 
are normally released from chemical or metallurgies 
processes. 

(d) Dust : These are the fine particles formed by natural 
disintegration of rocks and soil or by mechanical processes 
of grinding, crushing, etc. Particles from soils and 
minerals contain calcium, aluminium and silicon 
compounds. Very small solid particles are carbon black, 
silver iodide combustion nuclei and sea salt nuclei. Larger 
particles are cement dust, soil dust, foundary dust, and 
pulverised coal. Liquid particulate matter generally 
categorised as “mist” includes rain drops, fog and 
sulphuric acid mist. 

Thus both the natural and man-made sources contribute 
the airborne matter. The important natural sources are: 
(i) volcanic eruptions (ii) blowing of dust and soil by wind (iii) 
sea salt sprays (iv) forest fires (v) vegetation. The man-made 
sources are: (i) vehicular exhaust (ii) combustion processes 
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(iii) metallurgical operations (iv) mitiing operations, etc. The 
given points are the primary particulates. 

Particulates produced in the atmosphere as a result of 
chemical reactions are called secondary particulates. These 
are formed either in gas phase reactions or by heterogeneous 
reactions between gases and already existing primary 
particulates. The majority of secondary particulates possess a 
diameter less than 1 |lL. The reaction leading to the formation of 
secondary particulates are largely catalysed by sunlight. The 
chief chemical reactants are sulphur oxides, nitrogen oxides, 
anunonia, water vapour and hydrocarbons. 

Some Common Particulates 

(i) Soot : It is produced by incomplete combustion of 
__carboiiaceous_fossiLiuels_&uch_as__coal^_wood,^iiaturaL__ 

_ gas,- gasoline, _ etc. ,_ui_low_ supply .of oxygen. _ _ 

(ii) Fly ash : It comes from the combustion of high ash 
fossil fuels used in thermal power plants and smelters. 

(iii) Metal particles : These are released by various metal 

finishing operations. Micro particles of toxic metals are 
highly harmful. _ .. 

(iv) Metal oxides : These are produced by combustion 
of fuels with metallic compounds. For example, Fe 304 
is produced by the combustion of coal containing iron 
pyrites. 

3 FeS 2 + 8^2-^ Fe304 + 6SO2 

(v) Lead salts : These come into atmosphere through 
exhaust gases from automobiles when lead tetraethyl 
[Pb(C 2 H 5 ) 4 ] is used as antiknocking agent along with 
C 2 H 4 CI 2 and C 2 H 4 Br 2 in gasoline, 

2 Pb(C 2 H 5)4 + C 2 H 4 CI 2 + C2H4Br2 + 3202-> PbCl 2 

+ PbBr 2 + 2OCO2 + 24H2O 

(vi) Asbestos dust : Asbestos dust is introduced in 
atmosphere by industries manufacturing asbestos sheets, 
ropes, etc. 

(vii) Acid mist : Sulphuric acid and nitric acid mists are 
produced when oxides of sulphur and nitrogen dioxide 
come in contact with moisture. 

2SO2 + O2 + 2H2O-> 2H2SO4 

4 NO 2 + 2 H 2 O + O 2 -> 4 HNO 3 

(viii) Organic particulates: Paraffins, olefins and aromatic 
compounds particularly polycyclic aromatic 
hydrocarbons are emitted from petroleum refineries and 
automobiles. The polycyclic hydrocarbons are easily 
adsorbed on the soot particles and become serious health 
hazards. 

Harmful Effects of Particulate Pollutants 

(i) Effect on human beings : Small sized particulates 
which can pass through the nose and enter into lungs easily are 
highly dangerous. These particulates in lungs act as excellent 
sites for adsorption of carcinogenic compounds such as 


polynuclear hydrocarbons and asbestos, etc., and bring lung 
diseases such as lung cancer, bronchital asthma and chronic 
bronchitis. The lung diseases are common in industrial workers. 

Different types of particulates cause different types of lung 
diseases. For example, 

(a) Asbestos causes asbestosis, 

(b) Coal miners suffer from black lung disease. 

(c) Textile workers suffer from white lung disease. 

(d) Dust having free silica causes silicosis. 

(e) Beryllium compounds cause beryllosis. 

Many biological particulates in the air, e.g., bacteria, fungal 
spores, pollen grains quite often cause allergy and bronchitis 
in man. 

The following non-viable particulates exert adverse effects 
onr human health;-^-—- 

(aJ Cadmiufh 6}Qde ” PtosfiSe'c^er,” higlil^Iood 

pressure 

(b) Benzene — Blood cancer (Leukemia) 

(c) Vinyl chloride — Sarcoma of liver 

(d) Arsenic — Lung, skin and liver cancer 

.Ce) Benzidine'. .Bladder cancer 

(f) Lead particles — Nervous diseases 

(ii) Effect on plants : Particulates deposit on the leaves 
of the plants. The common damage occurs in leaf structure 
such as necrosis, chlorosis and epinasty. They destroy 
chlorophyll and disrupt photosynthesis. Particulates block the 
stomata and retard the transpiration of minerals from the soil. 

(iii) Effect on materials : Large number of materials are 
damaged by particulates. Soot, dust, fumes, mists, etc., badly 
affect paints, clothes, buildings, sculptures, monuments, etc., 
corrosion of metals is accelerated in humid atmosphere. 
Particulates also damage electronic equipment. 

(iv) Effect on visibility : Particulates display optical 

properties which exert an important effect on air quality. They 
cause scattering and absorption of sunlight and reduce the 
visibility. They also produce blurring eflfect on vision._ 

Control of Particulate Pollution 

The methods of control of particulates are based on settling 
or washing. 

(a) Gravity settling chamber: Effluent gases are allowed 
to enter a horizontal large rectangular chamber. The velocities 
of the gases decrease and the larger particles settle down under 
the influence of gravity. 

(b) Wet scrubbers : In this method, the effluent gases 
are allowed to enter a spray tower or chamber. A suitable Liquid 
(generally water) is introduced in the form of a fine spray 
which washes away the particulates. 

(c) Electrostatic precipitator : It is the most effective 
and efficient method. The particulates are removed by installation 
of an electrostatic precipitator in the chimney. When a high 
potential is applied across the chinmey, the carbon particles are 
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attracted by the charged electrodes. This results in the formation 
of soot which gets deposited in the chimney which is cleaned 
from time to time. Similarly, the particulates coming in the 
exhaust of automobiles are removed by catalytic converter. 

In some of the industries, the filters are used to remove 
particulates. These filters work like the filters are used in air 
conditioners « vacuum cleaners. The exhaust gases are passed 
through them, leaving particulates and aerosols behind the filter. 

Some other Air Pollutants 

(a) Carbon dioxide (COj) : Carbon dioxide is a natural 
constituent of atmosphere and is vital for all forms of plant life. 
Normally, it forms about 0.03% by volume of atmosphere. 

It is a colourless, odourless gas and is about 1.5 times 
heavier than air. Though it is non-poisonous, it does not support 
life as animals and human beings die in its atmosphere due to 
lack of oxygen. Carbon dioxide present in normal concen¬ 
tration is not an air pollutant. However, when CO 2 level 
increases in atmosphere, it results in global warming (called 
greenhouse effect-discussed later). Hence, it is considered 
to be pollutant in large amounts. 

Major sources of CO 2 in atmosphere 

(i) Burning of fossil fuels like coal, natural gas and 
petroleum, etc. 

(ii) Industrial processes such as manufacture of lime, alcohol 
and other fermentation units. 

(iii) Biological decay of plants. 

(iv) In the process of respiration by animals, human beings 
and plants. 

Sinks (M^or consumers) of CO 2 

(i) Green plants use CO 2 in presence of sunlight and 
chlorophyll to produce carbohydrates-photosynthesis. 

(ii) Oceans dissolve CO 2 to form carbonates, bicarbonates 
and organic compounds. 

A balance of CO 2 in the atmosphere is to be maintained. 
However, human activities have disturbed this balance and 
CO 2 level in atmosphere is in increasing order. The increasing 
concentration of CO 2 has changed global climatic conditions 
especially raising the global temperature. 

(b) Hydrogen sulphide (H 2 S) : It is a colourless gas 
having smell of rotten eggs. It is extremely toxic and harmful 
even at low concentrations. The sources which release 
hydrogen sulphide into the atmosphere are: 

(i) Natural decay of animals and vegetable matter 

(ii) Volcanic eruptions 

(iii) Industrial process like paper mills, oil refineries, 
chemicals manufacturing plants using sulphur. 

Sinks 

H 2 S is readily oxidised to SO 2 in the atmosphere. 

HiS SO2 + H2O 


H2S SO2 + H2O 

It may combine with various metal compounds to form 
insoluble sulphides. 

Mild exposure to H 2 S can cause giddiness. In higher 
concentrations, it can be fatal. It is harmful to plants also as 
it affects leaves and reduces their growth. 

(c) Chlorine (CI 2 ): Chlorine is a greenish-yellow coloured 
gas having disagreeable suffocating, poisonous and toxic gas. 
It does not occur as an air pollutant on a large scale. However, 
it can be highly dangerous on a local scale. 

It is mostly released in the atmosphere by industrial processes 
from plastic industries, water treatment units and plants engaged 
in the manufacture of caustic soda. 

In the atmosphere, chlorine dissolves in moisture to form 
hydrochloric acid and hypochlorous acid. These acids come 
down to the earth in the form of acid rain. 

H 2 O + CI 2 -> HCl + HCIO 

Chlorine causes imtation in mucus membrane. Exposure to 
chlorine for longer time may cause death. 

(d) Aldehydes : Out of the numerous aldehydes that may 
find their way into the atmosphere, only acrolein and 
formaldehyde have been detected in some areas with 
concentrations that may be toxic. Aldehydes are formed due to 
incomplete combustion of fossil fuels. These are also formed 
in the atmosphere by the interaction of hydrocarbons and 
oxides of nitrogen in presence of sunlight. The aliphatic and 
aromatic aldehydes are important precursors of the notorious 
peroxy~acyl nitrates (PAN) and peroxy-benzoyl nitrates (PEN) 
which act as photochemical oxidants, 

(e) Fluorides ! Fluorides are present in the air of both 
rural and urban aieas. The sources may be natural or industrial 
byproducts. Industrial processes of phosphate fertilizers, 
ceramics, aluminium, fluorinated hydrocarbons (freons- 
refrigerants aerosols, propellants, etc.), fluorinated plastics, 
etc., are the main sources of fluorides in atmosphere. These 
act as pollutants either in gaseous or particulate state. Freons 
when reach to upper atmosphere disturb the ozone layer. 

EFFECTS OF AIR POLLUTION 

19^y ACID RAIN 

The term ^acid rain^ is used to describe all precipitations-rain, 
snow, fog, dew—^which are more acidic Aan normal. The 
normal rain is slightly acidic having a pH of about 5.6 as 
carbon dioxide gas reacts with it to form a weak carbonic acid. 

CO 2 + H 2 O —^ H 2 CO 3 (Carbonic acid-weak acid) 

As carbon dioxide is present in unpolluted air in traces the 
acidity is extremely mild and may be regarded as neutral. Acid 
raiuj thus, refers to any precipitation which has pH l^s 
than 5.6. The pH of the acid rain can range between 5.6 and 
3.5 and in some cases even lower upto 2. 
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Fig. 19.2 Acid rain 


Chemistry of acid rain : Acid rain results from the 
presence of two strong acids in polluted air: H 2 SO 4 , and to a 
lesser extent, HNO 3 . 

Nitric acid comes largely from a three-step process. The first 
step involves the formation of NO from the elements by high 
temperature combustion, as in automobile engines or lightning 
in the atmosphere during the rainy season. This is then oxidised 
to NO 2 at normal atmospheric conditions. NO 2 combines with 
water to form a mixture of nitrous and nitric acids. 


_ High temp. _ _ 

N 2 + O 2 --> 2NO 


2NO + O 2 


2 NO 2 


2NO2 + H2O --HNO3 + HNO2 

Coal, used in power plants, contains upto 4% sulphur, mostly 
in the form of minerals such as pyrite, FeS 2 . The combustion 
of coal forms sulphur dioxide. Petroleum products also on 
combustion release sulphur dioxide. 

4 FeS 2 + IIO2-^ 2Fe203 + 8SO2 

S 4“ O 2 ■’—SO 2 

Large quantities of SO 2 are also produced in the metallurgical 
processes used to treat sulphide ores. 

2NiS -h 3 O 2 -^ 2NiO + 2 SO 2 

Natural processes such as volcanic eruptions, forest fries 
and bacterial decomposition of organic matter can produce the 
oxides of sulphur and nitrogen. 


SO 2 , when it comes in contact with water, forms sulphurous 
acid {H 2 SO 3 ). 

50 2 + H 2 O-> H 2 SO 3 (Sulphurous acid) 

SO 2 is partly and slowly converted into sulphur trioxide by 

molecular oxygen in presence of dust particles 

2SO2 + 02 ) 2SO3 

50 2 is also oxidised to SO 3 by ozone 

SO 2 4- O 3 -> SO 3 4" O 2 

50 3 thus formed readily combines with water and produces 
sulphuric acid as tiny droplets high in the atmospheio. These 
may be carried by the prevailing winds as far as 1500 km. 

50 3 4* H 2 O —-> H 2 SO 4 (Sulphuric acid) 

The sulphuric acid and nitric acid, thus formed remain as 

vapour under high temperature and begin to condense slowly 
as the temperature falls. These acids mix with rain or snow, 
Le., rain water gets acidified on its way down to the earth. 
The acidified rain water eventually mixes with the already 
existing water on the earth. The resulting pH determines the pH 
of the aquatic environment. 

The presence of hydrogen sulphide and chlorine in the 
atmosphere also contributes to the formation of acid rain. 

The acid rain is not confined to the regions where the 
harmful pollutants are emitted. Since winds carry atmospheric 
pollutants across national borders, tiie acid rain may fall hundred 
of miles away from the pollution sources. 
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Consequences of Acid Rain 

(i) Damage to animals : Acid rain causes lakes and 
rivers to become acidic and drop in pH can destroy the ecological 
balance. Most aquatic animals cannot survive when the pH is 
less than 4 . Some species of fish such as salmon die even 
when the pH is less than 5 . 5 . Certain species of algae and 
zooplankton are eliminated at pH less than 6. A reduction in the 
zooplankton and bottom fauna will affect the food availability 
for the fish population. 

(ii) Damage to plants t Acidic water is dangerous for 
plants. Leaf pigments are decolourised, Le., chlorophyll is 
affected and agricultural productivity is decreased. Several 
non^woody plants (such as barley, cotton) and fruit trees (such 
as apple, pear) are among the most susceptible to acid rain. 

Many soils contain limestone and have natural buffering 
properties, but without this the acidified soil means plant 
nutrients are leached from the soil. Aluminium is released 
damaging root, systems, seeds stop germinating, helpful soil 
organisms are killed. 

A1(0H)3 + 3H+-> + 3 H 2 O 

Insoluble Soluble 

(Toxic in nature) 

(iii) Material damage : Metallic surfaces exposed to acid 
rain are readily corroded. Textile fabrics, paper and leather 
products lose their material strength or disintegrate by the acid 
rain. 

Building materials (limestone, marble, dolomite, mortar and 
slate especially) are weakened on reaction with acid rain as 
water-soluble compounds are formed. Thus, acid, rain is 
dangerous for historical monuments. 

CaCOs + H2SO4-> CaS04 + H2O + CO2 

The big industries emitting sulphur dioxide should not be 
established in urban areas and near the historical monuments. 


(iv) Effect on human beings : Acid rain also affects 
human beings directly. The release of toxic metals held in 
rocks, especially aluminium, mercury and cadmium into water 
sources by acid rain can cause poisonous levels of metals to 
build in the fish which we eat. Acidic drinking water reacts 
with our water ducts and metal concentrations can cause 
damage to the kidneys and hver and diarrhoea in young children. 

Ways to Minimise the Formation of Acid Rain 

To reduce acid min, sulphur dioxide emissions from power 
plants and smelters must be brought under control. The most 
direct app-oach is to remove sulphur from fossil fuels before 
combustion, but this is technically difficult to accomplish. A 
cheaper method is to remove SO2 as it is formed. For example, 
in one process, powdered limestone is injected into the power 
plant furnace along with coal (Fig. 19 . 3 ). At high temj^rature, 
the following decomposition occurs: 

CaC03 -> CaO + CO2 

Limestone Quick lime 

The quick lime macts with SO2 to form calcium sulphite 
and some calcium sulphate. 

CaO + SO2-> CaSOs 

2 CaO + 2SO2 + O2-> 2CaS04 

To remove the remaining SO2, an aqueous suspension of 
quick lime is injected into a purification chamber prior to the 
escape of gases through the smokestack. 

Ca(OH )2 + SO 2 + (^) O 2 -> CaS 04 + H 2 O 

One problem with this approach is that it produces large 
quantities of solid calcium sulphate as a waste product. 

Quick lime is also added to lakes and soils affected by acid 
rain. This process is called 

. Installing of a sulphuric acid plant near a metal ore smelting 
site is also an effective way to cut sulphur dioxide emission. 



Fig.'19.3 Common procedure for removing SO2 from burning fossil fuel. Powdered 
limestone decomposes into CaO, which reacts with SO2 to form CaSOa. The remaining SO2 
then enters a chamber where it reacts with an aqueous suspension of CaO to form CaSOa. 
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To do away with acid rain, an international programme, involving condense on particulates of smoke or dust to give colloidal 

all the countries in order to take concrete measures to minimise dispersion called smog. 

sulphur dioxide pollution which travels very fast in atmosphere, 2SO2 + O2-> 2SO3 

is the need of the hour. SO3 + H2O- > H2SO4 


The Taj Mahal Protection from Air Pollution 

Taj Mahal, one of the seven wonders of the world, situated at Agra, 
is losing its lustre day by day due to iU effects of air pollution mainly 
of acid rain. Agra and its adjoining areas such as Firozabad, Mathura, 
Bharatpur, etc., are having 2000 polluting industries. These include cast 
iron foundries, rubber manufacturing units, brick kilns, glass works and 
government owned petroleum refinery at Mathura.Due to rapid 
industrialization and increased growth of vehicular traffic, Agra city has 
abundance of oxides of sulphur and nitrogen in its atmosphere. These 
react with water vapour to form various acids which act on Taj’s marble. 
As a result, there is continuous deterioration of this classical building 
which is the country’s best loved landmark. 

The government of India announced an action plan in 1995 to clean 
up the atmosphere which is affecting Taj Mahal, Marble of Taj Mahal 
must be guarded with protective coating which could resist the action 
of air pollutants. The industries located in nearby areas have been asked 
either to shift to other areas or to start using natural gas or hquefied 
petroleum gas for heating purpose. People living in the city have been 
advised to use LPG in place of coal, kerosene or firewood. If due 
protection of Taj is not provided then rapid weathering of its stone 
structure would occur. 

SMOG 


This type of smog is usually formed during winter season 
in the early morning hours. However, after sunrise, its intensity 
increases due to photochemical oxidation of SO2 to SO3. It 
occurs in the lower part of the atmosphere. It decreases visibility 
and is responsible for breathing troubles like bronchitis and 
asthma. It produces irritation to eyes, nose and throat. The 
London smog is also called reducing smog as it contains SO2 
and carbon. 

(ii) Photochemical smog : It is also called Los Angeles 
smog as it was observed for the first time in Los Angeles in 
1950 . This typG of smog is formed by combination of particulates 
(smoke, dust, fog) with oxides of nitrogen and hydrocarbons 
in presence of sunlight. As photochemical reactions are involved 
in the formation of smog, it is called photochemical smog. It 
occurs in those areas which have warm, sunny and dry climate 
along with the atmosphere has large concentration of automobile 
exhausts. It usually occurs in the months of summer during 
the day time. Photochemical smog is characterized by brown 
haze of irritating nature. It is oxidising in character as it has 
high concentration of oxidants. 


The word smog was coined to 
describe the combination of smoke 
and fog. 

/ 

Smoke + Fog-> Smog 

The name was proposed to 
describe the phenomenon which 
occured due to condensation of 
some kind of fog on the carbon 
particles present in the smoke 
produced due to combustion of fuels 
like coal and petroleum. 

Smog is of two types: 

(i) Classical smog 

(ii) Photochemical smog 

(i) Classical smog : It is also 
called London smog or sulphurous 
acid smog. This was observed in 
London in 1952 and killed about 
4000 to 5000 people. This type of 
smog is produced from gases like 
SO2, particulates and high humidity 
in the atmosphere. The particulates 
catalyse the oxidation of SO2 to SO3 
which gets mixed with moisture in 



/ Hydrocarbon radicals 

O3 

(Ozone) 


the tiny droplets of fog producing 


sulphuric acid drops which 


Fig. 19.4 Some main chemical reaction taking place 


in photochemical smog 
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FormaticHi of photochemical smog : Smog begins with 
primary pollutants, substances that may be harmless and 
unreactive by themselves. Secondary pollutants, formed 
photochemically from the primary pollutants, are responsible 
for the buildup of smog. Primary pollutants consist mainly of 
nitric oxide, carbon monoxide and various unbumed 
hydrocarbons. 

Nitric oxide released into the atmosphere is quickly oxidised 
to nitrogen dioxide. 

2 NO + O2-> 2NO2 

Sunlight causes photochemical decomposition of NO2 
(wavelength shorter than 400 nm) into NO and O. 

NO2 + hv -> NO + O 

Atomic oxygen is a highly reactive species that can initiate 
a number of important reactions, one of which is the formation 
of ozone. 

O2 + O + Af-^ O3 + Af 

where Af is an inert gas such as nitrogen. It takes up the 
excess energy. Ozone attacks the C=C linkage in rubber. 



where R represents groups of C and H atoms. In ‘smoggy’ 
areas, this reaction can cause automobile tyres to crack. Similar 
reactions are also damaging lung tissues and other biological 
substances. 

A second process involving the participation of unbumed 
hydrocarbons may be depicted as: 

O + RH- >Fr + RC(f 

RCOr + O2 —^ RCOl 
RCOl + NO2-> RCO3NO2 


(Peroxyacyl nitrate, PAN) 


CH3—C 


+NO, 


0 — 0 * 



O—O—NO2 


Peroxyacetyl nitrate 


PAN is a powerful lachrymator or tear producer and causes 
breathing troubles. 

Extensive research has shown that carbon monoxide plays 
a very important role in the production of smog and the process 
is a dynamic one. When aldehydes are attacked by atomic 
oxygen, hydroxyl radicals are formed which lead to a series of 
reactions. 


iCHO + O-^ RCO + OH 

OH + CO-> CO2 + H 

H + O2 + M-> HO2 + M 

HO2 + NO-> OH + NO2 

The overall reaction is: 

CO + O2 + NO-> CO2 + NO2 


Fig. 19.5 shows a typical variation with time of primary and 
secondary pollutants. Initially, the concentration of NO2 is 
quite low. As soon as solar radiation penetrates the atmosphere, 
the concentration of NO2 increase. The concentration of O3 
remains fairly constant at a low level in the early morning 
hours. As the concentration of unbumed hydrocarbons and 
aldehydes increases in the air, die concentrations of NO2 
O3 also rise rapidly. The actual amounts, of course, depend on 
the location, traffic and weather conditions, but their presence 
is always accompanied by haze. The oxidation of hydrocarbons 
produces various organic intermediates, such as alcohols and 
carboxylic acids which are all less volatile than hydrocarbons. 
These substances eventually condense into small droplets of 
liquid. The dispersion of these droplets in air, called aerosols, 
scatters sunlight and reduces visibility. This interaction makes 
the air look hazy. 



A.M. Noon P.M. 


Fig. 19.5 Typical variation with time in concentration of air 
pollutants on a smoggy day 

Effects of photochemical smog : The adverse effects of 
photochemical smog pose a potential threat not only to the 
local environment but to the far away places as well. Although 
photo-oxidants are formed mainly in highly industrialised and 
urban areas, the effect of smog can be observed even at a 
distance of 1(X)0 km from the source region. 

Smog is known to cause eye irritation, cough, chest 
discomfort and fatigue in humans. Peroxyacetyl nitrate is an 
etiological agent in the growing incidence of skin cancer. Ozone 
damages the membranes surrounding pulmonary capillaries. 

Compared to human beings, vegetation is more prone to the 
harmful effects of oxidants. Ozone cause a reduction in plant 
growth. High concentrations of ozone damage forests. Organic 
oxidants act as poisons to plants. 

Ozone may cause harm to fibres, dyes, paints and polymers. 
Natural rubber and synthetic polymers become brittle and cmck. 
Control of photochemical smog ; Photochemical smog 
can be suppressed by the following technologies : 

(i) Catalytic converters : The most straight forward 
way of reducing smog formation is to minimis the release of 
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oxides of nitrogen and hydrocarbons to the atmosphere. This 
involves installation of efficient catalytic converters in the 
automobiles. The harmful gases are converted catalytically 
into harmless gases. The hmitation, however, is that catalytic 
converters work with unleaded petrol since lead poisons the 
catalysts. 

A two way catalytic converter removes hydrocarbons and 
carbon monoxide from the exhaust. It consists of a mixture of 
platinum and palladium supported on ceramic or metal honey 
comb bed. It operates at an exhaust temperature of about 
450 ®C and removes about 50 % of the pollutants. Carbon 
monoxide is oxidised to carbon dioxide and hydrocarbons to 
carbon dioxide and water. 

2 CO + O2 2CO2 

HC + O2 > CO2 + H2O 

A three way catalyst removes hydrocarbons, carbon 
monoxide and nitrogen oxides from the auto exhaust. It is an 
example of oxidation-reduction catalysis. 

2 ND + 2 CO ; + '2CB2 

.2NQ C0 

: 2N20: > 2 N 2 + Q 2 ; - : 

NO2 + aC* Catdyst > + CO2 + H2O 

, NO'+'HC* N2 4 - CO2 + H2O 

The three way catalyst consists of a mixture of platinum, 
palladium and rhodium deposited on a high surface area ceramic 
and metal honeycomb. 

(ii) Chemical method : Photochemical smog can be 
suppressed by certain compounds which act as free radical 
traps. When these compounds are sprayed to the atmosphere, 
they generate free radicals which readily combine with free 
radical precursors of photochemical smog (such as O*, /?*, 
RO\ H* etc.). The compound diethylhydroxylamine, has been 
found to possess smog inhibiting characteristics. However, it 
produces an unpleasant odour. 



GREENHOUSE EFFECT AND GLOBAL 
WARMING 


The greenhouse effect received its name because the earth’s 
atmosphere acts much like the glass or plastic roof and walls 
of a greenhouse. Sunlight enters a greenhouse through the 
transparent glass or plastic and heat the plants but the heat 
emitted by the plants in the form of infrared radiation cannot 
pass through the glass or plastic roof and walls. As a result, 
the temperature inside the house increases. An effect similar to 
greenhouse is responsible for keeping the earth’s surface 
warmer than it would otherwise be. Atmosphere around the 
earth acts like a glass of the greenhouse chamber. The gases 
present in atmosphere which are responsible for greenhouse 
effect are called greenhouse gases. The various gases which 
bring greenhouse effect are: 

*HC = Hydrocarbon 


Carbon dioxide, water vapours, oxides of nitrogen, methane, 
ozone, chlorofluorocarbons, etc. 

Although carbon dioxide is only a trace gas in earth’s 
atmosphere with a concentration of 0.33 per cent by volume, 
it plays a critical role in controlling the chmate of the earth. 
Without greenhouse effect, the average surface temperature of 
the earth would be about 35 °C lower than it is today. 

The major source of the earth’s energy is the sun. About 
half of the radiant energy that strikes our atmosphere is either 
reflected or absorbed by the molecules that make up this envelope 
of the air. The sunlight that reaches the earth’s atmosphere is 
ultraviolet, visible and infrared ranges between 100 and 5000 
nm. However, UV radiations of shorter wavelengths are 
prevented from entering the troposphere by the presence of 
oxygen and ozone layer in the stratosphere. The rays that do 
reach the surface of the earth are largely in the visible and 
infrared (heat) regions. These radiations are absorbed by the 
earth and as a result, the continents and oceans are warmed. 
Warm bodies emit radiation and earth is no exception. Most of 
the radiation emitted by earth lies in the infrared region 
(wavelengths longer than 4000 nm). The rate at which energy 
escapes the surface of the earth is over twice the rate at which 
the planet directly absorbs energy from the sun. This means 
that the earth acts a little like an extravagant person. If this 
process were the only one to be occurring, the earth would be 
a very cold place. Fortunately, the planet does something extra 
to maintain the heat balance. Almost 84 % of the heat radiated 
by the earth is absorbed by gases in the atmosphere and 
reradiated back to the earth’s surface. As a result of this 
exchange, the total energy input from the sun balances the 



Fig. 19.6 The role of atmospheric CO2 in the greenhouse 
effect. Carbon dioxide is transparent to incoming sunlight, but 
it absorbs and re-emits a significant amount of the Infrared 
radiation emitted by the earth. This alters earth’s energy 
balance, raising its average temperature 
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energy output from the earth. A steady state is established, 
with more or less constant average terrestrial temperatures. It 
is the return of 84% of the energy radiated from the 
surface of the earth that has been termed the global 
greenhouse effect (Fig. 19.6) 

The constituents of the atmospheric greenhouse are made 
of molecules that are transparent to visible light, but absorb in 
the infrared region. Nitrogen and oxygen, the major components 
of the atmosphere are transparent to IR-radiations. However, 
some tracer gases in the troposphere are strong IR-radiation 
absorbers. These gases are carbon dioxide, water vapours, 
methane, ozone, chlorofluorocarbons, etc. These gases are 
transparent to sunlight, absorb IR-radiations emitted by earth 
and re-emit still longer wavelength IR-radiation, most of which 
return to the earth’s surface where they are reabsorbed. This 
process keeps the temperature from falling dramatically at 
night when the ground is no longer absorbing energy from the 
sun. 

The gases which are transparent to sunlight and are 
capable of absorbing IR-radiations and then re-emitting 
IR-radiations of longer wavelengths are termed greenhouse 
gases. 

Upon receiving a photon in the IR region, a CO 2 or a H 2 O 
molecule is promoted to a higher vibrational energy level 

CO 2 + hv -> CO^ 

H 2 O + hv -^ H 2 O* 

The energetically excited molecules soon lose their excess 
energy either by collision with other molecules or by 
spontaneous emission of radiation. Part of this radiation is 
emitted to outer space and the rest returns to the earth's surface 
keeping it comparatively warmer. The degree of temperature 
control depends on the amount of carbon dioxide and water 
vapour in the atmosphere. In desat regions, where the amount 
of water is very low and at high altitudes where the atmosphere 
is less dense, day and night temperature variations are much 
more severe than at lower altitudes having humidity. If it were 
not for the presence of these two relatively minor components 
of the atmosphere (CO 2 and H 2 O), the earth would be essentially 
barren of life. Its mean temperature would have been about 
~15'’C, roughly 35°C lower flian what it is today; In this way 
it can be said that CO 2 and H 2 O vapour act as an insulating 
blanket to prevent heat from escaping to outer space. 

Global Warming 

Whereas the total amount of water vapour in our atmosphere 
has not altered noticeably over the years, the carbon dioxide 
concentrations have risen by about 25% in the p^t century. 
This increase is as a result of extra burning of fossil fuels 
(pettoleum, natural gas and coal) in order to meet the energy 
needs. Fig. 19.7 shows the increase in CO 2 concentration 
from the year 1958 to year 1992 (from 310 ppm to 360 ppm). 
The zig-zag line is a consequence of seasonal variation. 


Other measurements indicate that during the past nearly 120 
years, the average temperature of the planet has increased by 
somewhere between 0.4 and 0.8X. Current estimates are that 
doubling the CO 2 concentration will result in a temperature 
increase of between 1.0 to 3.5°C. Recent estimates suggest 
that about half of the global warming may be attributable to 


Concentration, ppm (Volume) 



1958 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 ^ 

Ffg. 19.7 Carbon dioxide levels (1958-1992) in the 
atmosphere are increasing exponentially 

compounds other than carbon dioxide. Fig, 19.8 shows the 
relative contribution of various gases to greenhouse effect. 
The contribution of CO 2 is 50% while the contribution of other 
trace gases is also about 50%. 


CO 2 ,50% 



CH 4 , 19% CFCs, 17% 

Fig. 19.8 Relative contribution of radiatively active 
gases to greenhouse effect 

The amount of warming which a greenhouse gas imparts to 
a square metre of the earth is called radiative forcing. The 
radiative forcing exerted by each greenhouse gas depends on 
its concentration and its ability to absorb long wavelength 
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IR-radiation. The effectiveness is quantified by the grcenhouse 
factor, a numter that i^presents the relative contribution of a 
molecule of the gas to global warming. Values of the greenhouse 
factor for six common trace gases and their average 
concentrations in the troposphere are given in the following 
table. 


Gas 

Greenhouse factor 

Tropospheric abundance (%) 

CO2 

1 (assigned value) 

3.6 X 10”^ 

CH4 

30 

1.7 X lO"^ 

N20 

160 

3 X lO'^ 

H20 

0.1 

1 

03 

2,0(X) 

4x 10"* 

CCI2F2 

25,000 

4.8 X 10"® 


According to the values given in the table, it is clear that one 
molecule of CF 2 CI 2 has the same global warming effect as 
25,000 CO 2 molecules. Fortunately, the tropospheric abundance 
of most highly effective absorbers of IR-radiation is very low. 

Consequences of global warming : Global warming 
would have the following effects: 

(i) Rise in sea level : Although the temperature increase 
of 1 to TC may seem insignificant, it is actually large enough 
to disrupt the delicate thermal balance on the earth and could 
cause glaciers and ice caps to melt. Consequently, the sea level 
would increase. It has been estimated that the, sea level may 
rise 0.5 to 1.5 m in the next 50 to 100 years. Higher sea level 
would: 

(a) increase the frequency and severity of floods 

(b) damage coastal areas, Le,, low lying areas would 
submerge 

(c) cause loss of soil replenishment 

(d) cause sea water intrusion into river and other aquatic 
systems near the oceans. 

One third population of the world lives in low lying areas 
near the coasts. A large part of the population of some countries 
is at risk if sea level rises substantially. 

(ii) Evaporation of water from aquatic systems: Global 
warming will cause more water to evaporate from aquatic 
systems and increase the concentration of water vapour in the 
atmosphere. The extra water vapours will amplify warming 
because water vapours itself is a greenhouse gas. 

(iii) Chai^[ing patterns of rainfaD : Patterns of rainfall 
would change worldwise causing large shifts in agriculturally 
productive areas. 

(iv) Effect on plants : Most plants record an inciease in 
photosynthesis only initially when the concentration of CO 2 is 
high. But this trend tends to fall with time. It has been observed 
that plants grown in higher concentration of CO 2 have less 
nitrogen and more carbon content. The dead material of such 
plants do not provide nitrogen-based nutrients to plants and 
therefore, fail to increase soil fertility. Due to increase in 
temperature, the moisture content of soil would decrease, and 
thus reducing the fertility of the soil. 


(v) Effect on human health and wild life : An increase 
in global temperature is likely to increase the occurrence of 
infectious diseases such as malaria, dengue, yellow fever, 
sleeping sickness, etc. Likewise, the population of mosquitoes, 
flies, snails will increase and these can be responsible for the 
outbreak of cholera, pneumonic plague, etc. Greenhouse effect 
shall seriously disturb wild life. With every rise of FC, plant 
and tree species will have to move 90 km polewards to survive. 
As trees and plants die out and habitats disappear, so will the 
animals that depend on them. 

Steps to minimise gr^nhouse effect : (i) To combat 

greenhouse effect, the emission of carbon dioxide must be 
reduced. This can be done by impmving energy efficiency in 
automobiles, household heating and lighting. Non-fossil fuel 
energy sources such as solar energy, wind energy, photovoltaic 
cells, etc., should be encouraged. 

Worldwide, one-third of aU carbon dioxide emissions come 
from thermal electric generating plants. This carbon dioxide 
can be injected into the ocean at depths below 500 m so that 
its chances of being released to the atmosphere are almost 
negligible. Recently, a process has been devised to convert 
CO 2 into fiiel. It has been found that CO 2 reacts with water 
at 50°C in presence of Ti02 as a catalyst and ultraviolet light 
to give methane, hydrogen and carbon monoxide. All of these 
products can be used as fuels. 

(ii) The production and use of chlorofluorocarbons must be 
banned. The phasing out of CFCs will help to slow down the 
warming effect. Other efforts, such as recovery of methane 
gas generated at landfills and the reduction of natural gas 
leakages, should be made. 

(iii) There should be a global effort to prevent the massive 
deforestation. Vegetation plays a vital role in maintaining the 
steady-state concentration of carbon dioxide in the atmosphere. 
Converting the forests to farmlands for crops and grasslands 
for cattle may do irreparable damage to the delicate ecosystem 
and permanently alter the climate pattern on earth. Thus, 
deforestation can be reduced by preserving the existing forests 
and growing more trees. 

(iv) The world’s population, which at present is increasing 
at an alarming rate, must be stabilised. Many of our environ¬ 
mental problems are related to the expanding human population. 
The check on population is essential to stabilise the atmospheric 
burden of greenhouse gases. 


19^ OZONE LAYER AND ITS DEPLETION 
(STRATOSPHERIC POLLUTION) 


The ozone layer in the stratosphere is a natural feature of the 
earth’s environment. This layer exists between 20 and 35 km 
above the earth’s surface. The layer shields the earth from the 
harmful ultraviolet radiation of the sun. In recent years, however, 
human activities have disturbed the ozone layer through an 
^ increase in the global concentrations of some atmospheric 
chemicals. A depletion of ozone layer is considered as a serious 
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threat to all forms of life. A 5% decrease in ozone concentration 
could increase the incidence of skin cancer by 20%. Ultraviolet 
radiation is also a factor in diseases of the eye, including 
cataract formation. It can cause genetic mutations and destory 
crops and other forms of vegetation. 

UV-radiations between 180 nm to 360 nm coming from the 
sun are prevented by the ozone layer to reach the earth’s 
surface. A photon with a wavelength between 180 and 240 nm 
breaks the O 2 molecule into two atoms of oxygen. 

O 2 + _ 240 nm)-^ 0 + 0 ....(i) 

An oxygen molecule captures one of these oxygen atoms to 
form an ozone molecule. 

M + O 2 + O-> Af* + O 3 + Heat. ....(ii) 

The second step occurs twice for each O 2 fragmentation, 
giving the overall balanced process of ozone formation; 

3 O 2 + hv - > 2 O 3 + Heat. ....(iii) 

The production of ozone is required both as a source of 
oxygen atoms and fiequent collisions between the atoms and 
the molecules that make up the atmosphere. A high fraction of 
the atmosphere is oxygen atoms at high altitudes, but not 
enough collisions occur to form ozone in significant amounts. 
This is because at this altitude the pressure, the molecular 
density and the rate of molecular collisions are very low. Below 
20 km, on the other hand, all the light energetic enough to split 
oxygen molecules into oxygen atoms has already been absorbed. 
Consequently, below this altitude, insufficient oxygen atoms 
are present to generate ozone. Therefore the ozone layer is 
between 20 km and 35 km above the earth’s surface. 

The formation of O 3 goes on continuously, but O 3 is also 
decomposed by UV-radiation between 240 and 360 nm. 

O 3 + ^V{X, = 240 - 360nm)- >(>2 + 0 ....(iv) 

The O atom can react with a second O 3 molecule. 

O + O 3 -^ 2 O 2 ....(v) 

Net reaction 2 O 3 -> 3 O 2 ....(vi) 

Short-wavelength UV-light forms O 3 . whereas long- 
wavelength UV-light decomposes O 3 . The reactions form a 
delicate balance in which the rate of O 3 decomposition matches 
the rate of O 3 formation, Le., a dynamic equilibrium exists and 
maintains a constant concentration of O 3 . Thus, the ozone 
layer absorbs nearly all the solar photons in the range 180 mn 
to 360 nm, i.e., 90 to 95% energetic UV-radiation and protects 
life on earth. 

Ozone Depletion 

There has been much hue and cry about the destruction of 
stratospheric ozone and the issue has assumed global 
dimensions. Two scientists, who first suggested in 1974 that 
CFCs could deplete the ozone layer, F. Sherwood Rowland 


and Mario Molina, won the 1995 Nobel Prize in chemistry, 
along with Paul Crutzen, who suggested that oxides of nitrogen 
in the atmosphere could catalyse the decomposition of ozone. 

(i) Ozone depletion by oxides of nitrogen : Over the 
past few years, the concentration of nitrous oxide has increased 
considerably in the atmosphere. This has been attributed to 
large scale combustion of fossil fuels and enhanced use of 
nitrogen fertilizers. Nitrous oxide and other oxides of nitrogen 
are also emitted by supersonic transport aircrafts. Though 
nitrous oxide is quite inert in the stratosphere, it is 
photochemically converted into more reactive nitric oxide. 

N 2 O + hv -> NO + N ... (vii) 

The nitric oxide so formed then undergoes the following chain 
reactions. 

NO + O 3 -> NO 2 + O 2 ... (viii) 

O 3 + hv -> O 2 + O ... (ix) 

NO 2 + O-> NO + O 2 ... (x) 

Net reaction : 2O3 + hv -> 3O2 

Thus, in the presence of oxides of nitrogen in the stratosphere, 
the decomposition rate of O 3 increases. 

(ii) Ozone depletion by chlorofluorocarbons (CFCs) : 
Since the mid-1970s scientists have been concerned about the 
harmful effects of certain chlorofldorocarbons on the ozone 
layer. The CFCs which are generally c^led by the trade name 
Freons were first synthesised in 1930. Some of the common 
ones are CFCI 3 (Freon-11), CF 2 CI 2 (Freon-12), C 2 F 3 CI 3 
(Fre6n-113) and C 2 F 4 CI 2 (Freon-114). Because these 
compounds are readily liquefied, relatively inert, non-toxic, 
non-combustible and volatile. They have been used as coolants 
in refrigerators and air-conditioners. Large quantities of CFCs 
are also used in the manufacture of disposable foam products 
such as cups and plates, propellants and as solvents to clean 
newly soldered electronic circuits. Most of the CFCs used for 
commercial and industrial purpose are eventually discharged 
into the atmosphere. Because CFCs are highly resistant to 
chemical attack, they are very stable in the lower atmosphere, 
where they can exist for upto 100 years. This stability gives 
CFCs time to diffuse up through the troposphere into the 
stratosphere. There, CFCs absorb wavelengths between 175 
nm and 220 nm that break carbon-chlorine bonds and produce 
chlorine atoms. 

CF 2 CI 2 CF 2 CI + Cl ... (xi) 

CFCI 3 CFCI 2 + Cl ... (xii) 

The reactive chlorine atoms then undergo the following 
reactions. 

Cl + O 3 ->C10 + O 2 '... (xiii) 

CIO + O ->Cl + 02 

Net Reaction ; O 3 + O 2 O 2 


*M is an inert substance such as N 2 . The role of M in this exothermic reaction is to absorb some of the excess energy released and prevent the 
spontaneous decomposition of ozone molecule. 
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The oxygen atoms in equation (xiii) are provided by the 
photochemical decomposition of molecular oxygen and ozone. 
In this mechanism, chlorine atoms catalyse ozone decom¬ 
position. One chlorine atom can destroy upto 100,000 O 3 
molecules before it is removed by some other reaction. The 
above mechanism for the destruction of O 3 has been supported 
by the detection of CIO in the stratosphere in recent years. 

The catalysed decomposition of ozone is known to be 
responsible for the ozone hole that develops in Antarctica 
each year in September and October, at the end of winter in 
the southern hemisphere. No ozone is generated during the 
long, dark Antarctic winter. Meanwhile, a heterogeneous reaction 
occurring on clouds of ice crystals at -85°C produces species 
such as CI 2 , Br 2 and HOCl. 

CIO + NO 2 -> CIONO 2 

CIO + CH 4 -> ai 3 + HCl 

CIONO 2 + H 2 O-> HOCl + HNO 3 

CIONO 2 + HCl-> CI 2 + HNO 3 

When the sun reappears in September, these molecules 
decompose photochemically to form Cl or Br atoms. 

HOa OH + Cl 

CI 2 20 

The reactive chlorine atoms are thus rendered free to deplete 
ozone. Ozone depletion is by no means restricted to the southern 
hemisphere. In the extremely cold winter of 1994-95, a similar 
‘ozone hole’ was found in the Arctic. Beyond that, the 
concentration of ozone in the atmosphere over parts of Siberia 
dropped by 40%. 

In 1987, an international treaty was signed in Montreal to 
cut back on the use of CFCs. Production of freon in the United 
States was stopped in 1996. If all the nations comply with the 
agreement, the amount of CFCs which was at the maximum 
level around the year 2000 , will be slowly declining over the 
present century. 

An intense effort is under way to find substitutes that are 
not harmful to the ozone layer. One of the promising substances 
is hydrochlorofluorocarboii-123 (CF 3 CHCI 2 ). The presence 
of hydrogen atom makes the compound more susceptible to 
oxidation in the lower atmosphere, so that it never reaches the 
stratosphere. Unfortunately, the same hydrogen atom also makes 
the compound more active biologically than CFCs. It can cause 
tumours in rats, although its toxic effect on humans is not 
known. 

Effects of Depletion of the Ozone Layer 

(i) Depletion of ozone layer is a serious threat to mankind. 
On account of low concentration of ozone in the 
stratosphere, more UV~radiation enters into troposphere. 
UV-radiations lead to ageing of skin, cataract or blindness, 
sunburn, skin cancer, etc., UV-radiations can damage 
the immune system which may lead to increased viral 
infections. 
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(ii) UV-radiations damage die plant proteins and chlorophyll 
IMs leads to harmful mutation of cells.it also increases 
evaporation of surface water through the stomata of 
leaves and decreases moisture content of soil. 

(iii) Aquatic animals and aquatic plants are greatly affected 
by UV-radiations. Excessive exposure to radiations may 
kill many phytoplanktons and damage the fish 
productivity. 

(iv) Ozone depletion has a very strong effect on climate and 
ecology. 

(v) UV-radiations damage paints, fibres, etc. 

Global Warming and Ozone Depletion 

Global warming and ozone depletion are important 
environmental issues that involve the atmosphere. There are 
enough differences between the two phenomena which have 
been tabulated below: 



Global wannii^ 

Ozone depletion 

Region of atmos¬ 
phere involved 

Mostly troposphere 

Stratosphere 

Major substances 
involved 

CO 2 , CH 4 , H 2 O, N 2 O 

O 3 , O 2 , CFCs 

Interaction with 
radiation 

IR-radiation absorbed by 
molecules which vibrate and 
re-emits energy to earth 

r 

UV-radiation 
absorbed by 
molecules which are 
dissociated into 
smaller fragments 

Nature of problem Increasing concentrations of 
greenhouse gases are 
apparently increasing 
average global temperature 

Decreasing 
concentration of O 3 
is apparently 
increasing exposure 
to UV-rMiation 

Source of problem Release of CO 2 from burning 
fossil fuels, deforestation 

Release of CFCs 

Possible 

consequences 

Climate chmge; increase in 
sea level, change in 
agricultural productivity 

Skin and eye 
diseases; growth of 
plants affected 

Possible responses Check deforestation and less 
use of fossil ftiels 

Production and use 
of CFCs be 
completely stopped 

19iii WATE 

■R POLLUTION 



Next to air, water is the important constituent of life-support 
systems. Water is the most important natural resource. 80% of 
the earth’s area is occupied by water. However, hardly 2.5% 
makes up the total world’s supply of fresh water including the 
frozen water in the polar ice caps and glaciers. Water is needed 
for irrigation, industry, domestic needs, shipping and for 
sanitation and disposal of waste. The conservation and keeping 
up of a good supply of water is thus very essential. Man has 
however, polluted much of this limited supply of water by 
industrial wastes, sewage and a number of synthetic chemicals. 
Many rivers of the world receive heavy flux of sewage, domestic 
waste, industrial effluents, agricultural wastes, etc., which 
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contain substances varying from simple nutrients to highly 
toxic materials. In our country, all the major rivers have been 
polluted. These have actually become an unending sewer fit 
only to carry urban liquid waste, half burnt dead bodies, 
pesticides and other wastes. Many of our lakes have become 
dark with foul smell. Moreover, the rainfall on its way down 
to the earth brings down the air pollutants. Polluted water is the 
water which has more negative qualities than it has positive 
ones, Le,, it is no longer fit for any use. 

Water pollution is the presence of any foreign substance 
(organic, inorganic, radioactive or biological) in water 
which tends to degrade the quality so as to constitute a 
hazard or impair the usefulness of water. 

The common water pollutants are: 

(i) Oxygen-demanding wastes 

(ii) Disease causing agents 

(iii) Synthetic organic compounds 

(iv) Plant nutrients 

(v) Inorganic chemicals and minerals. 


measured and subtracted from the amount of oxygen originally 
present to get the BOD value. It is expressed in ppm. 

BOD is a real measure of water quality. Clean water has a 
BOD value of less than 5 ppm. The polluted river water could 
have a BOD value of 17 ppm or more. The untreated municipal 
sewage has BOD value of 100-400 ppm. 

Chemical oxygen demand (COD) t It is another important 
water quality parameter. It is an index of the waste (organic 
and inorganic) of water which can be oxidised by a strong 
oxidising agent usually acidified potassium dichromate, K 2 Cr 207 . 
This reagent oxidises most of the substances present in water 
including those which are not oxidised by micro-organisms. 

The water sample is treated with a known amount of acidic 
potassium dichromate solution. The unreacted potassium 
dichromate is determined by back titration with a suitable 
reducing agent like Mohr’s salt. From the amount of K 2 Cr 207 
consumoi, the amount of oxygen utilised in the oxidation of 
water sample can be calculated, with the help of following 
oxygen. 


(vi) Suspended solids 

(vii) Radioactive substances 
(viii) Thermal discharges 

(ix) Oil 

(i) Oxygen-demandii^ wastes : Dissolved 
oxygen (DO) is essential for sustaining animal 
and plant life in any aquatic system. If the DO 
level in water decreases, the aquatic organisms 
may not survive. The wastes such as 
domestic, industrial and biodegradable organic 
compounds are oxygen demanding wastes. 
These are decomposed by the bacterial 
population which in turn decreases the oxygen 
from water. 

BOD (biochemical oxygen demand) is a 
measure of the 03 ^gen utilised by micro¬ 
organisms during oxidation of organic 
materials. It is the most widely known 
measure for assessing the water pollution 
potential of a given organic waste. BOD is 
directly proportional to the amount of organic 
waste which is to be broken down. 

The determination of BOD of a sample of 
water requires 20-30 days for the complete 
decomposition of organic waste present in the 
sample. This is too long time for obtaining data. 
Therefore, the time has been fixed as five days, 
BOD is the amount of oxygen consumed 
in five days. The measurement is done at 20'’C. 
The sample of water is saturated with oxygen. 
It is then incubated for five days at 2(fC. Micro¬ 
organisms utilise oxygen to oxidise the waste 
during this period. The remaining oxygen is 
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K 2 Cr 207 + 4H2SO4 .> K2SO4 + Cr2(S04)3 

+ 4 H 2 O + 3[0] 

COD is also expressed in ppm. COD values do not necessarily 
match the BOD values. Textile wastes, paper mill wastes, etc., 
with high cellulose content have COD values considerably 
higher than BOD values as cellulose is not readily attacked by 
dissolved oxygen. 

(ii) Disease causing agents : These are the various 
pathogenic micro-organisms which may enter the water along 
with sewage or other wastes. These microbes, mainly bacteria 
and viruses, can cause various diseases such as cholera, 
typhoid, dysentry, g^troenteritis, polio, hepatitis, etc. 

(lii) Synthetic organic compounds : These include 
pesticides, detergents and other industrial chemicals. These 
chemicals when present in water can act as toxic poisons for 
plants, animals and humans. These chemicals enter the 
hydrosphere either by losses during their transport and usage 
or by accidental or intentional disposal of wastes from 
manufacturing units. 

Polychlorinated biphenyls (PCBs), having high stabilities, 
are relatively new additions to the list of pollutants of water. 
They are used as fluids in transformers and capacitors. The 
presence of these PCBs in water causes skin disorders in 
humans. These act as carcinogenic. 

(iv) Plant nutrients ; Nitrogen and phosphorus fertilizers 
which are drained from agricultural lands or from other sources 
into water bodies may stimulate the growth of algae and aquatic 
weeds. The excessive growth of algae and aquatic plants due 
to added nutrients is called Eutrophication. The anaerobic 
conditions created by the rotting algae can present a health 
hazard for birds, fish and other aquatic species. During the 
decomposition of aquatic plants by micro-organisms, the amount 
of dissolved oxygen decreases which proves fatal for aquatic 
species. 

(v) Inorganic chemicals and nunerals : These include 
various metals and metallic compounds released from human 
activities or from natural minerals. These pollutants enter the 
water bodies from municipal and industrial waste waters and 
mine run-off. The acid-rain consisting of sulphate and nitrate 
ions makes the water acidic. Most of these inorganic 
compounds, particularly of heavy metals, are toxic and capable 
of killing living organisms in water bodies. Most of these 
substances produce physiological poisoning by becoming 
attached to the tissues of aquatic organisms and accumulate. 
The metals of concern are cadmium, chromium, lead, mercury 
and silyer. Alkalies discharged by industries such as textiles, 
tanneries, paper, etc., can also destroy aquatic life. The main 
constituents of mine drmnage are sulphuric acid and iron 
compounds. These cause corrosion of metals and concrete 
and are fatal to fish. 

Recently the level of fluorides in the drinking water has 
considerably increased in different parts of India, causing 
fluor(^is (an incurable bone disease). 
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(vi) Suspended solids : Suspended solids in water are 
mainly of sand, silt and minerals ercxled from the land. SoMd 
particles settle in reservoirs and dams and thus reduce their 
water storage capacity. The suspended particles in water bodies 
also block the sunlight required for the photosynthesis by 
bottom vegetation and thus reduce the availability of food to 
fishes. 

(vii) Radioactive substances : The refining of uranium 
ore is an important source of radioactive waste producing 
radioactive materials contaming radium, bismuth, etc., which 
are a hazard in drinking waters. Certain marine organisms have 
the capacity for accumulating radio nucleides from water. 
These may cause radioactivity in living organisms. Radioactive 
substances can enter humans through food and water. These 
may get accumulated in blood and certain vital organs such as 
liver, thyroid gland, bone and muscular tissues. 

(vui) Thermal disdiarges : Power plants and industries 
use large quantities of water for cooling purposes. Used water 
is usually discharged directly into water bodies. Ibe temperature 
of water bodies thus increases. This brings down the DO level 
which is harmful for micro-organisms. An increase in 
temperature also increases the toxicity of some chemical 
pollutants. Poisons are more toxic in summer months. 

(ix) Oil ; Oil and oil wastes enter rivers and other water 
bodies from several sources like oil refineries, storage tanks, 
automobile waste oil, petro-chemical plants and industrial 
effluents. Normal tanker operatidns and spillage from oil tanker 
accidents cause marine pollution and shore contamination. 

Since oil is insoluble in water, it floats and spreads rapidly 
into a thin layer. At sea, the oil layer is responsible for the death 
of birds. The oil penetrates the birds’ feathers thereby affecting 
their insulation and buoyancy. The birds experience difficulty 
in floating and flying. The oil layer on the surface of water 
reduces the DO levels in water as oxygen transfer from 
atmosphere is prevented. OU may be driven to shores through 
wind and tides where it isNaccumulated and posses aesthetic 
problems. 

Control of Water Pollution 

(i) Septic tanks should be used for each house. This will 
reduce the flow of municipal sewage and human excreta towards 
river, lake or pool. 

(ii) Rivers, lakes, etc., should not be used for bathing and 
washing purposes. In this way, water sources are not polluted 
with detergents and germs. 

(iii) Too much use of pesticides which are not degradable 
should be avoided. These are highly toxic substances. 

(iv) Efforts should be made to increase the use of low grade 
or polluted water. Treatment of domestic sewage for industrial 
cooling is a good example of efEcient use. Water reuse h^ a 
special significance in mining and similar industries where the 
water availability is less. These efforts will save fresh water 
from being polluted. 
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(v) Waste water treatment techniques should be applied 
before the polluted water enters a river, lake or pool. Available 
waste water treatment processes can be physical, chemical or 
biological. Physical processes comprise screening, sedimen- 
tation, floatation and filtration. Commonly used chemical 
processes are precipitation, coagulation and disinfection while 
biological processes are biological filtration and the activated 
sludge process. In particular cases, the processes such as 
carbon adsorption, oxidation and reduction, ion-exchange, 
reverse osmosis, electrolysis, ete., are also used. 

Water Quality Parameters (International standards 
for drinking water) 

The quality of water is of vital concern for mankind as 
impure water can cause serious diseases. The following 
parameters must be followed before water is supplied for 
drinking purposes. 

(i) It should be colourless and free from any odour or 
smell. 

(ii) It should be clear and free from suspended particles and 
turbidity. The turbidity should be less than 10 ppm. 

(iii) It should not be too acidic or too alkaline. The pH should 
Ke between 5.5 to 9.5. 

(iv) It should be decent in taste. It can have some harmless 
salts for giving good taste. The total dissolved salts 
should not be more than 500 ppm. 

(v) It should h& free from micro-organisms causing diseases. 

(vi) It should be free from harmful chemicals and should be 
reasonably soft. 

(vii) It should have dissolved oxygen 4-6 ppm. 

(viii) It should have specific conductance of 3(X) |X mho cm”^. 

Some international standards have been laid down for the 
drinking water. The chemicals that are allowed to be present and 
their tolerable limits permitted and some other conditions which 
must be satisfied for drinking water are briefly discussed below: 

(i) Fluoride : Water should be tested for fluoride ion 
concentration. Its deficiency is harmful as it causes tooth 
decay. Soluble fluoride is usually added to drinking water as to 
make its concentration upto 1 ppm or 1 mg dm“^. The ions 
make the enamel on the teeth much harder by changing 
hydroxyapatite, [ 3 Ca 3 (P 04 ) 2 Ca( 0 H) 2 ] into fluorapatite 
[ 3 Ca 3 (P 04)2 CaF 2 ] which is much harder. However, brown 
mottling of teeth occurs if F“ ion concentration exceeds 
2 ppm. Higher concentrations (about 10 ppm) of F" ions are 
dangerous and cause harm&l effects to teeth and bones. 

(ii) Lead : Lead pipes are used for water transport. If the 
water is compamtively acidic, lead salts come into water and 
get contaminated. The limit for the contamination of lead ions 
in drinking water is 50 ppb. Lead salts are slow poisons. They 
can damage liver, kidney and reproductive system, etc. 

(iii) Sulphate : At moderate concentrations of sulphate 
ions are harmless but excessive sulphate (> 500 ppm) in drinking 
water causes laxative effects and hyi^rtension. 


(iv) Nitrate : The maximum limit of nitrate in drinking 
water is 50 ppm. Excessive concentration is harmful and can 
cause methemoglobinemia (blue baby syndrome). 

(v) Other metals : The recommended levels of some 
other metals in drinking water according to international 
standards are given in the following table: 


Recommendad Limits for Certain 
Substances in Drinking Water 



Contaminant 

Permissible limit (ppm) 

Chloride 

(cn 

600 

Cyanide 

(CNl 

0.0001 

Fluoride 

(F") 

1-L5 

Nitrate + Nitrite 

(NO 3 + NOi) 

50 

Phosphate 

(Poll 

0.1 

Sulphate 

(Soil 

<500 

Arsenic 

(As^^) 

0.05 

Chroraium 

(Cr^l 

0.05 

Copper 

(Cu^^) 

3.0 

Calcium 

(Ca^l 

100 

Magnesium 

(Mg^^) 

30 

Barium 

(Ba^^) 

1.0 

Iron 

(Fe^l 

0.2 

Lead 

(Pb^'") 

0.05 

Zinc 

(Za^^) 

5.0 

Cadmium 

(Cd^'^) 

0.005 

Aluminium 

(Al^^) 

0.2 

Manganese 

(Mn^"^) 

0.05 

Mercury 

(Hg^^) 

0.001 

Pesticides 


0.005 


19,^ SOIL OR LAND POLLUTION 

The soil or earth has been recognised as the mother of all 
plants, animals and human beings. It is very'essential either 
directly or indirectly for the survival and maintenance of various 
biological species including man, as it produces food for all. 
The word soil is derived from a latin word solum meaning 
earthy materials in which plants grow. It is defined as a 
weathered layer of the earth’s crust with living organisms and 
their products of decay. The chief components of the soil are 
inorganic matter (90-95%) and organic matter (5-10%). 
Besides, soil contains water and air. The composition of soil 
varies considerably from place to place. 

Soil has become the dumping ground of most of waste 
products, Le,, domestic, human, animal, industrial and 
agricultural. Every year the solid wastes dumped into the soil 
are increasing at an alarming rate all over the world. Different 
kinds of poisonous materials are being used these days and the 
whole earth is increasingly being poisoned and polluted as a 
consequence. The problem of soil pollution has aggravated by 
the use of agrochemicals such as pesticides, fungicides, 
insecticides, fertilizers and manures. Besides these, the soil is 
polluted by deadly pathogenic organisms. 
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Soil pollution is different from air and water pollution in the 
following respects : 

(i) Soil |K)Uutants do not get dispersed unlike air and water 
pollutants. The pollution is legalised unlike air and water 
pollution, 

(ii) The pollutants remain at a particular place for relatively 
long^ periods. 

Sources of Soil Pollution 

. The main sources of soil pollution are as follows: 

L Industrial wastes 

2. Urban and domestic wastes 

3. Agrochemicals 

4. Soil erosion 

5. Radioactive pollutants 

6 . Acid rain 

1. Industrial wastes : Industrial wastes are the major 
cause of soil or land pollution. These wastes are mostly toxic 
due to the presence of cyanides, chromates, acids, alkalies, 
metals like nickel, cadmium, mercury, lead, etc. It is estimated 
about 50% of the raw materials used by the industries become 
waste products which are either thrown into water or dumped 
into the soil. The wastes are discharged from textile industry, 
paper and pulp industry, chemicals and drugs industry, soap 
and detergents industry, food processing industry, metal 
processing industries, glass, cement and engineering industries. 
The industrial wastes contain huge amounts of materials which 
are non-biodegradable and posing a serious threat to humanity. 

2* Urban and domestic wastes : The urban and domestic 
wastes combined are referred as refuse. This comprises of 
garbage and waste materials like plastics, glass, metallic 
containers, fibres, papers and number of discarded products. 
The urban and domestic wastes are more harmfiil since most 
of these cannot be degraded easUy. The wastes emit poisonous 
gases, toxic hydrocarbons and pathogenic microbes which 
cause diseases. 

3, Agrochemicals : The agrochemicals such as fertilizers, 
pesticides (insecticides, fungicides, herbicides), etc., are 
commonly used these days for agricultural crops. However, 
these find their way into food chain to be consumed by animals 
and humans and cause a number of health hazards. 

(a) Fertilfeers : With the increase of population, there is 
an increasing demand of food. To enhance food production 
large quantities of fertilizers are being used. 

No doubt, fertili^rs certainly increase agricultural yield but 
their extensive use has adverse effects. Some adverse effects 
of fertilizers are: changes in mobility, status of nutrients in soil, 
stimulation of growth in crop fields and disturbance in ionic 
balance leading to high acidity, shortage of certain trace element, 
etc. Excessive use of fertilizei^ results in the excessive growth 
of weeds and herbs. 

Due to excessive amounts of nitrogen fertilizers, the 
concentration of nitrate ions increases in leafy vegetables. 
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Consumption of these vegetables results in bioaccumulation of 
nitrates in bodies. Nitrate by itself is not harmful but in human 
body it is reduced to nitrite which is responsible for occurrence 
of cancer. 

(b) Pesticides : These are the chemicals which are used 
to save plants from pests, rats and parasitic fungi. Pesticides 
include insecticides^ fungicides and herbicides. These 
substances cause soil pollution and adversely affect the health 
of animals and human beings. 

According to a survey made by WHO, more than 50,(KX) 
people in developing countries are affected and poisoned 
annually and about 5000 die as a result of the effects of toxic 
agents used in agriculture. Samples of fruits, vegetables, milk 
and eggs from various parts of India showed that they contain 
pesticide residues much higher than human tolerance limits. 
Pesticides not only bring toxic effects on animals and human 
beings but also alter the fertility and decrease the soil respiration 
(root respiration and microbial respiration). Soil moisture has 
also been significantly reduced by pesticide application, 

(I) Insecticides t These are the chemicals used to kill 
insects which damage the crops. After World War n, DDT 
was used in agriculture to control the damages caused by 
insects, rodents, weeds and various crop diseases. Other 
common examples of insecticides are BHC (benzene hexa- 
chloride), aldrin, dieldrin, etc. These insecticides are persistent 
in the environment and show biological activity for long periods 
of time. However, these insecticides not only kill unwanted 
insects but also target organisms which are helpful to crops. 
These insecticides keep on accumulating in the environment 
and cause pollution as being non-biodegradable. Their repeated 
use produces resistance in the pests. They are harmful to 
human beings and have been phased out. Consequently, a new 
series of insecticides, namely organophosphates, carbamates 
and pyrethroids have been introduced. Organophosphates and 
carbamates are biodegradable. But these are nerve toxins and 
are harmful to humans and have caused even deaths. Pyrethroids 
are neither presistent nor toxic, though costly. 

It is not possible to ban the use of insecticides but the 
best option is to search for alternative insecticides which 
will kill pests but are friendly to environment. 

(ii) Fungicides : These are the chemicals which inhibit or 
prevent fungal growth or fungal diseases in plants or their 
seeds. Organomercury compounds are the most common 
fungicides. However, mercurial fungicides are responsible for 
human poisoning and deaths. The fungicides in the soil increase 
the number of harmful bacteria and decrease the population of 
usefiil types. For example, application of 4,6-dinitro-o-cresol 
and captan prevent nodule bacteria from initiating symbiotic 
nitrogen fixing process. The best fungicide available today is 
a derivative of p-methoxyacrylic acid. 

(iii) Herbicides : These are the chemicals used to control 
weeds. Some conunon weeds killers used earlier were inorganic 
compounds namely, sodium chlorate (NaC 103 ) and sodium 
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arsenite (Na 3 As 03 ), However, their use has been restricted as 
they are toxic to mammals. These days, organic herbicides 
such as triazines are widely us^. 

4 Soil erosion : Top soil is the most important as all 
agricultural activities depend on it. It is the vital component 
since all the nutrients required by plants are present here. At 
times, if it so happens that the top soil is dissipated by water 
or wind, the situation is termed erosion. Such soil becomes 
unsuitable for vegetation or agricultural production. Soil erosion 
is a natural process. It is caused by flow of water over the 
fields and by wind. The following factors influence the rate of 
soil erosion. 

(a) Deforestation and loss of vegetation 

(b) Cultivation on slopes of mountains 

(c) Soils with low organic content. 

Roots of grasses are an excellent binding material and keep 
the soil intact. Over^grazing, over^cropping and improper tilling 
accelerate soil erosion. 

5. Radioactive pollutants : Radioactive wastes are 
produced in nuclear reactors, laboratories and hospitals. Nuclear 
explosions also produce a large number of radioactive wastes. 
Dumping of nuclear wastes is the biggest poblem. From the 
soil, radioactive substances pass on to the human beings and 
animals in the form of food. The radioactive substances emit 
rays which are extremely harmful to human and animal cells. 

6. Acid rain : Acid rain disturbs the fertility of the soil. 
The activity of symbiotic nitrogen fixing bacteria present in the 
nodules of leguminous family is inhibited. The acid rain makes 
the soil acidic. This adversely affects the plants and animals. 
The acid rain contains H^, SO 4 "" and NO 3 ions which leach the 
nutrients from the soil Acid rain is responsible for damaging 
forests and other vegetations. 

Control of soil pollution t The following steps have 
been suggested to control the soil pollution: 

(i) The use of chemical fertilizers can be reduced by applying 

biofertilizers and manures. Biological methods of pest control 
can also reduce the use of pesticides and thereby minimise soil 
pollution. ^ 

(ii) Recycling and recovery of materials appears to be a 
reasonable solution for reducing soil pollution. Materials such 
as paper, glass and some kinds of plastics can be recycled. 
This would decrease the volume of refuse and help in the 
conservation of natural resources. For example, recovery of 
one tonne of paper can save 17 trees. 

(iii) Control of land loss can be attempted through restoring 
forest and grass cover to check soil erosion and floods. Crop 
rotation or mixed cropping can improve the fertility of the land. 

(iv) Proper methods should be adopted for the disposal of 
solid wastes. The simplest and most widely used technique of 
solid waste management is to bury the waste in locations 
situated away from residential areas. While adopting this 
practice, environmental and aesthetic considerations must be 
taken into consideration beforo selecting the dumping sites. 


Acidic and alkaline wastes should be first neutralised, the 
insoluble material if biodegradable should be allowed to degrade 
under controlled conditions before their disposal. Incineration 
of wastes is expensive and leaves a huge rosidue and adds to 
air pollution. Pyrolysis, a process of combustion in absence of 
oxygen or the material burned under controlled atmosphere of 
oxygen, is an alternative to incineration. The gas and liquid 
thus obtained can be used as fuels. Pyrolysis of carbonaceous 
wastes, like firewood, coconut, palm waste, com combs, 
cashew shell, rice husk, paddy straw and saw dust, yields 
charcoal along with products like tar, methyl alcohol, acetic 
acid, acetone and a fuel gas. Dung should be used to produce 
^^gobar gas^^ and good manure through gobar gas plants, 

19.1® STRATEGIES TO CONTROL 
" ENVIRONMENTAL POLLUTION 

Environmental pollution affects human beings, animals, plants 
as well as materials. It does not only slow down growth of 
plants or bring diseases to human beings and animals but can 
cause havoc. Every individual should be aware about dangers 
of environmental pollution and must try to minimise them by 
proper and scientific planning. If we do not act now, it is 
certain that not only this generation but the generations to 
come will suffer immeasurably. Following are some suggestions 
which can help to minimise pollution: 

(i) Population control is die foremost thing. Uncontrolled 
growth of population is the major threat to environment. 

(ii) Vegetation checks pollution. Forests should be maintained 
properly. Their areas should be increased. Green belts in cities 
(especially the industrial ones) should be developed. 

(iii) Non-conventional methods of producing energy should 
be developed. The use of fossil fuels should be reduced as far 
as possible. 

(iv) Proper sewage disposal plants and recovery of sewage 
water for various industrial and domestic purposes should be 
established. 

(v) Domestic garbage should be profitably utilised. Gobar 
gas plants in rural areas should be installed. 

(vi) Manures and biofertilizers should be used in place of 
chemical fertilizers. 

(vii) To reduce the volume of refuse, the recycling processes 
should be developed, 

(viii) All types of nuclear tests must be stopped. 

(ix) The chimneys of industries should be placed at greater 
heights. These should be fitted with filters. The industrial wastes 
must be first treated to remove the hazardous materials before 
discharge. 

(x) There should be strict laws to prevent pollution. Heavy 
fines should be imposed on defaulters. 

There are two types of wastes which are causing 
environmental pollution. 

(a) Household waste which includes, mainly sewage and 
municipal garbage. 
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(b) Industrial wastes include inorganic and organic 
suspended particles and inorganic and organic soluble 
matter. Some of them may be toxic in nature. 

The proper disposal of these wastes can save the environment 
from pollution. Some of the methods which are usually employed 
for the disposal of these wastes are given below: 

1. Recycling : This is the simplest method for waste 
disposal as a number of waste materials can be used as raw 
materials to manufacture of useful products again. Examples 
of recycling by industry are: 

(i) The collection and recychng of glass 

(ii) The use of scrap metal in the manufacture of steel 

(iii) The recovery of energy from burning combustible waste. 

(iv) Due to recent developments, clothes will be made from 
recycled plastic waste. 

(v) The use of waste paper. 

Thus, recycling saves the cost of raw materi^s and converts 
waste into wealth. 

2. Sewage treatment : The treatment of sewage involves 
the following stages: 

(i) First stage involves the removal of large solid particles. 
This is done by mechanical process consisting of screening 
and sedimentation. The waste is filtered through different types 
of screens. The solids that are removed are disposed of in 
landfill sites. 

(ii) It is then allowed to flow into sedimentation tanks. This 
step allows the removal of solids that settle out (called sludge). 
This also allows the removal of grease which floats to the 
surface and can be skimmed off. 

(iii) Next stage involves the biological oxidation of organic 
content of waste materials by micro-organisms followed by 
filtration. 

(iv) In the final stage, some speciahsed physical and chemical 
processes are applied to remove the specific pollutants which 
are still present in order to improve the quahty of waste water. 
The processes used are chemical removal of phosphate, 
coagulation, treatment with activated charcoal, disinfection by 
chlorine, reverse osmosis, filtration, etc. 

Sludge is produced during above operations. It is dried and 
then may be incinerated, digested or dumped. 

Incineration 

It converts organic matter into CO 2 and H 2 O. It is used to 
destroy household waste, chemical waste and biological waste 
{e.g,, from hospitals). A high temperature usually above 1273K 
and a plentiful oxygen supply is required. Exhaust gases must 
be filtered. The process leaves ash behind which is disposed 
of as landfill. The main disadvantage of this process is that it 
causes air pollution. 

Digestion 

The sewage sludge can undergo anaerobic digestion when 
micro-organisms degrade wastes in absence of oxygen. This 


process can also be applied to degrade a variety of toxic organic 
compounds. The overall process is the conversion of the organic 
materials into carbon dioxide and methane. 

2 (CH 20 ) -—> CO 2 + CH 4 

Methane may be used as a fuel. 

Dumping 

Dumping of the sewage sludge into sea has been very 
common. However, dumping of the sludge into land is increasing 
now-a-days. This is because it contains compounds of nitrogen 
and phosphorus which act as fertilizers for the soil. 

IdS GREEN CHEMISTRY AS AN 

ALTERNATIVE TOOL FOR REDUCING 
POLLUTION 

Over the past decade, an important initiative known as Green 
chemistry, the use of chemistry to prevent pollution, has been 
taken. ‘^Green chemistry” can be defined as the design, 
development and implementation of chemical products 
and processes to reduce or eliminate the use and generation 
of substances hazardous to human health and environment. 
Green chemistry reduces pollution through fundamental break 
throughs in designing and redesigning chemical processes with 
an eye towards making them environmentally friendly, that is 
“benign by design”. In this regard. Dr. Barry TVost advocates 
an ‘atom economy’ approach to the synthesis of commercial 
chemical products such as pharmaceiutical, plastics and 
pesticides. Such synthesis would be designed so that all reactant 
atoms end up as desired products, and not as wasteful 
byproducts. This approach would save money as well as 
materials and undesired products would not be produced as 
waste which requires disposal. The reason green chemistry 
being adopted so rapidly around the world is because it is a 
pathway to ensuring economic and environmental prosperity. 

The main objectives of green chemistry can be summarised 
in the following points : 

(i) It is better to prevent waste than to treat or clean up 
waste after it has been created. 

(ii) Synthetic methods should be designed to maximise the 
incorporation of all materials used in the process into 
the final product. 

(iii) Whenever practicable, synthetic methods should be 
designed to use and generate substances that possess 
httle or no toxicity to human health and environment. 

(iv) Chemical products should be designed to affect their 
desired functions while minimising their toxicity. 

(v) The use of auxiliary substances {e.g., solvents, separation 
agents, etc.) should be made unnecessary wherever 

= possible and innocuous when used. 

(vi) Energy requirements of chemical processes should be 
recognised for their environmental and economic impacts 
and should be minimised. If possible, synthetic methods 
should be conducted at ambient temperature and 
pressure. 
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(vii) A raw material or feedstock should be renewable rather 
than depleting whenever technically and economically 
practicable, 

(viii) Unnecessary derivatization should be minimised or 
avoided if possible because such steps require additional 
reagents and can generate waste. 

(ix) Catalytic agents as selective as possible should be used. 

(x) Chemical products should be designed so that at the 
end of their function they break down into inncK^uous 
degradation products and do not persist in the 
environment, 

(xi) Substances and the form of a substance used in a 
chemical process should be chosen to minimise the 
potential for chemical accidents, including releases, 
explosions and fires. 

Innovative '‘green” chemical methods already have made 
an impact on a wide variety of chemical manufacturing 
processes by decreasing or eliminating the use or creation of 
toxic substances. For example cheaper, less wasteful and less 
toxic methods have been developed to produce ibuprofen, 
pesticides, new materials for disposable diapers and contact 
lens, new drycleaning methods and recycled silicon wafer for 
integrated circuits. Some examples of green chemistry are 
given below : 

(i) Halons are greenhouse gas compounds composed of 
carbon, fluorine and bromine. These are used in fire 
fighting and other applications. Using a green chemistry 
approach, PyrocTOl Technologies has synthesised a halon 
substitute. The product, called Pyrocool, is an environ¬ 
mentally benign foam that is more effective than halons 
in fire fighting, even large scale fires such as those on 
oil tankers and jet airplanes can be extinguished in a 
short time, 

(ii) Chlorofluorocarbons have been in use in refrigerators 
and air conditioning plants. However, these compounds 
have been found to be unfriendly to environment. These 
compounds are responsible for depletion of ozone layer 
m stratosphere and for global warming. Substitutes to 
these compounds such as HFC-134a (CF 3 GH 2 F) have 
been discovered which are considered to be more 
friendly to environment. 

(iii) Solvents used to dryclean clothes are usually chlorinated 
compounds such as tetrachloroethylene C 2 CI 4 which 
is a potential human carcinogen. These materials 
also have serious environmental consequences. 


Dr. Joe Desimone has discovered a substitute for 
chlorinated compounds by synthesising cleaning 
detergents that work in liquid'carbon dioxide. The 
detergents are such that one end of the molecule is 
soluble in non-polar substances like grease and oil stains, 
while the other end dissolves in liquid CO^. The 
breakthrough process is paving the way for designing 
replacements for conventional halogenated solvents 
currently used in manufacturing and in industries making 
coatings. 

(iv) Switching from air (78% nitrogen) to pure oxygen 
eliminates NO production and also saves fuel by more 

^ efficient burning. This has been achieved by glass 
manufacturer in the U.S. 

(v) Scientists are engineering biodegradability into some 
synthetic polymers. Certain bonds or groups are 
introduced into the molecules to make them susceptible 
to fungal or bacterial attack or to decomposition by 
moisture. Recently, a biodegradable polymer called 
Biomax has been developed which decomposes in about 
eight weeks in a landfill. Biomax could be used in a 
variety of applications such as lawnbags, bottles, liners 
of disposable diapers, disposable eating utensils and 
cups. 

(vi) The current commercial methcxl for producing ibuprofen 
is a stunning application of green chemistry. Conventional 
methods of ibuprofen production required six steps, 
used large amounts of solvente and generated significant 
quantities of wastes. By using a catalyst that also serves 
as a solvent, BHC company has discovered a method of 
ibuprofen production in just three steps with a minimum 
of solvents and waste. 

(vii) Urea is a major fertilizer used worldwide. It provides 
nitrogen to soil by decomposing to ammonia and CO 2 
when acted on by urease, an enzyme in soils. The 
ammonia is then taken up by plants. 

NH2CONH2 + H20 > 2NH3 + CO2 

However, the efficiency of urea as a fertilizer is reduced 
because of 30% ammonia is lost by evaporation before it can 
be taken up by plant roots. To overcome this loss, a formulation 
named Agrotrain has been developed which acts as urease 
inhibitor, Le,, this formulation reduces the rate at which urease 
decomposes urea so that ammonia is released more slowly and 
efficiently. 
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Example 1. Explain the tropospheric pollution in 100 
words. 

Solution : Troposphere is the lowest region of the 
atmosphere, i.e., closest to the earth. It extends roughly to a 
height of about 11 km. It contains mainly nitrogen and oxygen. 
It also contains argon, carbon dioxide, water vapours, aerosols 
and traces of many other gases. The pollution of troposphere 
occurs due to the presence of undesirable gases and particulates. 
The main pollutant gases are: 

(i) Oxides of carbon (CO and CO 2 ) -CO is a major pollutant. 

(ii) Oxides of sulphur (SO 2 and SO 3 ) 

(iii) Oxides of nitrogen (NO and NO 2 ) 

(iv) Hydrocarbons 

(v) Hydrogen sulphide (H 2 S), etc. 

The particulate pollutants include dust, mist, fumes, smoke 
and aerosols. 

Example 2. Carbon monoxide is more dangerous than 
carbon dioxide gas. Why? 

Solution: Carbon monoxide is highly poisonous in nature. 
It combines readily with haemoglobin (it has 200 times more 
affinity than oxygen). Due to the formation of carboxy- 
haemoglobin, the quantity of oxygen to the body cells gets 
reduced, i.e.y CO reduces the oxygen carrying capacity of the 
blood and this leads to oxygen starvation (anoxia). The 
deficiency of oxygen produces headache, dizziness, choking, 
cardiac and pulmonary complications leading to paralysis and 
death. 

CO 2 does not combine with haemoglobin. However, it is a 
greenhouse gas and helps in global warming. Hence, it is a less 
dangerous pollutant. 

Example 3. Which gases are responsible for greenhouse 
effect? List some of them. 

Solution : The gases which are transparent to sunlight 
and are capable of absorbing IR radiations and then re-emittiiig 
IR radiations of longer wavelengths are termed greenhouse 
gases. Some of these gases are: carbon dioxide; water vapours; 
oxides of nitrogen; methane; ozone; chlorofluorocarbons. 

Example 4. Statues and monuments of India are affected 
by acid rain. How? 

or 

why is acid rain considered as a threat to Taj Mahal? 

Solution : Taj Mahal (statues and monuments) is made of 
marble. The acid rain contains H 2 SO 4 which attacks the marble. 

CaC 03 + H2SO4-^ CaS 04 + H2O + CO2 

As a result, the monuments (Taj Mahal) are being slowly 
corroded and the marble is getting discoloured and lustreless. 

Example 5. What is smog? How are classical and 
photochemical smogs different? 

Solution : Smog is a combination of smoke and fog. 
There are two types of smog: 


(a) Classical smog occurs in cool humid climate. It is a 
mixture of smoke, fog and sulphur dioxide. Chemically, it is a 
reducing mixture. 

(b) Photochemical smog occurs in warm, dry and sunny 
climate. It is formed by the action of sunlight on unsaturated 
hydrocarbons and nitrogen oxides. Chemically, it is an oxidising 
mixture. It does not involve any smoke or fog. 

Example 6. Write down the reactions involved during the 
formation of photochemical smog. 

Solution : Sunlight causes photochemical decomposition 
of NO 2 . 

NO 2 + hv -> NO + O 

Atomic oxygen combines with molecular oxygen to form 
ozone. 

O 2 + O + M -^ O 3 + M 

M is an inert gas such as nitrogen. It takes up the excess 
energy. Ozone attacks the unsaturated hydrocarbon. 



A second process involving hydrocarbons may be depicted as: 

NO 2 + hv - > NO + O 

O + /?H-> R* + RCO 

RCO + O 2 -> RCO^ 

RC 62 , + NO 2 -> /?C03N02 

(peroxyacetyl nitrate, PAN) 
The oxidation of hydrocarbons produces various organic 
intermediates which are less volatile. These substances condense 
into small droplets of liquid. The dispersion of these droplets 
in air forms smog. This reduces visibility and looks hazy. 

Example 7. What are the reactions involved for ozone 
layer depletion in the atmosphere ? 

Solution : Two types of the compounds have been found 
responsible for destruction of ozone. 

(i) Nitric oxide : Though, nitrous oxide is quite inert in 
the stratosphere, it is photochemically decomposed into more 
reactive nitric oxide. 

N 2 O + hv -> NO + N 

Nitric oxide, so formed, undergoes the following chain 
reactions: 

NO + O 3 -^ NO 2 O 2 

O 3 + hv - > O 2 + O 

NO 2 + O-> NO + O 2 

2 O 3 -> 3 O 2 


Net reaction 
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Thus, in presence of oxides of nitrogen, the rate of 
decomposition of O3 increases. 

(ii) Chlorofluorocarbons : Chlorofluorpcarbons absorb 
wavelengths between 175 nm and 220 nm and produce chlorine 
atoms by breaking carbon-chlorine bonds. 

CF2CI2 + hv -> CF2CI + Cl 

CFCI3 + hv -^ CFCI2 + Cl 

Chlorine atoms undergo the following reactions: 

Cl + O3-> CIO + O2 

CIO + O-> Cl + O2 

Net reaction O3 + O 2O2 

Chlorine atoms catalyse the decomposition of O3. 

Example 8. Answer the following questions: 

(i) What are viable and non-viable particulates? 

(ii) Fish do not grow as well in warm water as in cold water 
Why? 

(iii) What is pneumoconiosis? How does it occur? 

Solution i (i) Viable particulates are living species such as 

bacteria, fungi, moulds, algae, etc. These are of small size. 

Non-viable particulates are non-living which are formed by 
disintegration of large size materials or by condensation of 
small size particles or droplets. The examples are dust, mist, 
fume, smoke, etc. 

(ii) The amount of dissolved oxygen is less in warm water 
than cold water. 

(iii) Pneumoconiosis is a disease of lungs. It is caused by 
small sized particulates which enter into lung through nose and 
provide a large surface area for adsorption of carcinogenic 
compounds such as polynuclear hydrocartons, asbestos, etc. 

;. Example 9. What are the major causes of water pollution ? 
Explain. 

Solution : The main sources responsible for the pollution 
of water are: 

(a) Sewage and domestic wastes, e,g., human excreta, 
sewage, sludge, soaps and detergents, domestic wastes, etc. 

(b) Industrial effluents : These contain toxic chemicals 
and hazardous compounds both organic and inorganic. 

(c) Agricultural discharges ; These include fertilizers, 
pesticides, insecticides, herbicides, etc. 

(d) Thermal discharges : Used water from power plants 
and industries is discharged directly into water bodies. The 
temperature of water bodies thus increases. This brings down 
DO level which is harmful for aquatic animals. 

(e) Oil : Oil and oil wastes enter rivers and other water 
bodies. Since oil is insoluble in water, it floats and spreads 
rapidly into a thin layer. This layer on the surface of water 
lowers DO level in water. 

Example 10. (a) What do you mean by biochemical oxygen 
demand (BOD) ? 

(b) What is COD? Why is it preferred over BOD? 


Solution : (a) The micro-organisms which decompose 

the organic matter present as waste in water need oxygen. The 
total amount of oxygen consumed by micro-organisms in 
decomposing the organic waste-present in a certain volume of 
a sample of water is called biochemical oxygen demand (BOD) 
of the water. 

(b) The amount of oxygen consumed by aU the pollutants 
measured by using a strong oxidising agent generally acidified 
K 2 Cr 207 and expressed in ppm is called COD (chemical oxygen 
demand) of the given sample of water. 

COD is preferred over BOD tocause the measurement of 
BOD takes a number of days (about 5 days) whereas COD can 
be determined in a very short time. 

Example 11. (0 What would have happened if the 
greenhouse gases were totally missing in the earthy's atmosphere? 
Discuss. 

(ii) What do you mean by green chemistry? 

(iii) How can domestic waste be used as manure? 

(iv) What are pesticides? 

(v) Explain the term ''Eutrophication''. 

Solution : (i) The solar energy radiated back from the 

earth surface is absorbed by greenhouse gases which re-emit 
IR radiations or longer wavelengths. These radiations heat up 
the atmosphere near the earth’s surface and keep it warm. If 
there were no greenhouse gases, the earth would be a very 
cold place and there would have no vegetation and life on 
earth. 

(ii) Green chemistry practices producing the chemicals of 
our daily use employing such reactions and chemical process 
which neither use toxic chemicals nor emit toxic chemicals 
into the atmosphere. This is the one way to protect our 
environment from chemical wastes. 

(iii) Domestic waste consists of two types of wastes, 
biodegradable and non-biodegradable. The biodegradable waste 
is separated and deposited in the landfills. With a passage of 
time, it is converted into manure consisting nitrogen and 
phosphorus compounds by micro-organisms. 

(iv) These are synthetic toxic chemical substances which 
are used in agriculture to control the damages done by insects, 
rodents, weeds and various crop diseases. The repeated use 
produces resistance in the pests and thus new substances are 
to be discovered in due course of time, DDT, BHC, aldrin and 
dieldrin have been tried as insectides. Now-a-days, 
organophosphates and carbamates have been in use as insectides. 

(v) The presence of excessive nutrients in a lake due to 
inflow of nutrients from fertilizers results in the increase of 
phosphate ions in water. As a result, the formation of algae is 
accelerated and the concentration of dissolved oxygen decreases. 
This process is called eutrophication. This badly affects the 
aquatic life. 
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PRACTICE PROBLEMS 


■ Subjective Type Questions 

1. Name the four distinct regions of atmosphere. 

2. Name the non-living components of environment. 

3. Name the zone of the atmosphere where ozone layer is 
present. 

4 Name three greenhouse gases. 

5. Define the term biosphere. 

6 . What are the principal chemical species present in the 
stratosphere? 

7. What is the wavelength range of the ultraviolet radiation 
which is removed in the stratosphere? 

8 . What is pollution? 

9. What are pollutants? 

10. What are primary pollutants? Give three examples. 

11. What are secondary pollutants? Give three examples. 

12. Name the main sources of air pollutants. 

13. Name the two major man-made sources of oxides of nitrogen 
to the atmosphere- 

14 Which oxide of nitrogen is a major concern as an air 
pollutant? 

15. Which is the largest air pollutant in urban atmosphere? 

16. Define photochemical oxidant. 

17. Name two photochemical oxidants. 

18. What is particulate? 

19. Name four effects of air pollution. 

20. What is acid rain? 

21. Why is normal rain slightly acidic? 

22. Name the two strong acids present in the acid rain. 

23. What primary pollutants are responsible for photochemical 
smog? 

24. Define greenhouse gases. 

25. Select the gases which can absorb IR-radiation: 

Oxygen, carbon dioxide, methane, nitrogen, chloro- 
fluorocarbons 

26. In the absence of greenhouse effect, what would be the mean 
temperature of the earth? 

27. Define radiative forcing. 

28. What is the relative contribution of carbon dioxide to the 
greenhouse effect? 

29. Suggest three ways to reduce greenhouse effect. 

30. Which substances are considered as responsible for the 
depletion of ozone layer? 

31. Name the regions of the atmosphere where global warming 
and ozone depletion phenomenon occur. 

32. Define water pollution. 

33. Name five common water pollutants, 

34. Define green chemistry. 

35. Give three suggestions for minimising pollution. 

36. Which of the following is more effective gr^nhouse gas: 
COorH20? 


37. Which of the following gases qualify as gmenhouse gases? 
C 0 ,N 0 ,N 02 ,Cl 2 ,H 2 ,Ne. 

38. Which gas leaked to bring havoc in Bhopal tragedy? 

39. What is the compound formed when CO combines with 
haemoglobin? 

40. What is anoxia? 

41. How are the flue gases from industries freed from oxides of 
nitrogen and sulphur? 

42. What are asbestosis and silicosis? 

43. What is the cx)mposition of London smog? 

44. What is the natum of classical smog? 

45. In which season and what time of the day, there is 
photochemical smog? 

46. Name two important sinks of CO 2 . 

47. What is humification? 

48. Define pollution. Give its main causes. 

49. What are the different air pollutants? Give their main sources, 

50. Describe troposphere briefly. 

51. Describe stratosphere briefly. 

52. Describe in short the various non-living components of 
environment. 

53. Describe the main effects of air pollution. 

54. How can air pollution be controlled? 

55. Give the chemistry of acid rain. What are its effects? 

56. How has the ozone layer been affected by the oxides of 
nitrogen? 

57. Discuss in short the chemistry of the formation of 
photochemical smog. 

58. What is greenhouse effect? Which atmospheric gases are 
responsible for this effect? 

59. Write a short note on global wanning : 

(i) Name two common air pollutants. 

(ii) Name two important sources of these pollutants. 

(iii) Name one gas which causes greenhouse effect. What 
are the harmful consequences of this effect? 

[LS.C. 2000] 

60. Growth in human population has direct effect on pollution. 
Explain. 

61. Can pollution of the environment occur without human 
intervention? Explain. 

62. Discuss water pollution. How can it be controlled? 

63. Explain the main effects of water pollution. 

64. How does excessive use of pesticides and fertilizers in 
agriculture pollute our biosphere? 

65. What suggestions would you like to give to minimise 
pollution? 

66 . How has the ozone layer been affected by the use of 
chlorofiiuorocarbons? What steps have been proposed to 
save the ozone layer? 

67. Give three ways to prevent soil pollution. 

68 . Define green chemistry. What are its objectives? 
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69. Compare global warming phenomenon with ozone depletion 
phenomenon* 

70. Which one, carbon dioxide or carbon monoxide, is more toxic 
to human beings? Why? 

71. What are the harmful effects of photochemical smog and how 
can they be controlled? 

72. What do you mean about ozone hole? What are its 
consequences? 

73. A large number of fish are suddenly found floating dead on 
a lake. There is no evidence of toxic dumping but you find 
an abundance of phytoplankton. Suggest a reason for the 
fishkill. 

[Hmt: Quantity of dissolved oxygen decreases in water,] 

74. Write short notes on the following: 

(i) Primary and secondary pollutants 

(ii) Biodegradable and non-biodegradable pollutants 
(m) Contaminant 

75. How ozone layer is formed and acting as a protecting 
umbrella? 

76. Discuss the importance of dissolved oxygen in water. How 
is COD of a polluted water measured? 

77. Name at least four soil pollutants. Explain one of them. 

78. What are pesticides and herbicides? Explain giving examples. 

79. How should the management of domestic and industrial 
wastes be done? 

80. Define atmosphere. Give an account of the composition and 
structure of atmosphere, 

81. Define pollution. Give an account of environmental 
poUutants. Describe their sources and suggest suitable 
methods of control of air pollution. 


82. Is ozone useful or harmM to us? Discuss the chemistry of 
ozone depletion. Discuss also the threats to its depletion in 
atmosphere. 

83. Write an essay on photochemical smog. 

84. Write an essay on gr^ohouse effect and global warming. 

85. What am the major sources of water pollution? Discuss the 
nature of the pollutants involved and suggest methods of 
control. 

86 . Write an essay on green chemistry. 

87. Do you observe any soil pollution in your neighbourhood? 
What efforts will you make for controlling the soil pollution? 

88 . What do you mean by green chemistry? How it will help in 
decreasing environmental pollution? 

89. Wlmt are international standards for drinking water? 
Explain the strategies which should be adopted to control 
environmental pollution. 

91. What do you understand by BOD and COD? How are these 
determined? Which one is preferred? 


■ Matching Type Questions 


Match the Column-I with Coiunm-ll: 


Column-l 

(a) Greenhouse effect 

(b) Smoke 

(c) Nitric oxide 

(d) PAN 

(e) Fluorosis 

(f) Noise 

(g) Plastic 

(h) Ozone depletion 


Coluinn-ll 

(p) Primary pollutant 

(q) Non-Biodegradable 

(r) Photochemical oxidant 

(s) Bone disease 

(t) Physical pollutant 

(u) Chlorofluorocarbons 

(v) Global warming 

(w) Particulate 
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Answeis : Subjective Type Questions 

1. (a) Troposphere (b) Stratosphere (c) M^osphere 
(d) Thermosphere. 

2. (a) Atmosphere (b) Hydrosphere (c) Lithosphere 

3. Stratosphere 

4. (i) Carbon dioxide (ii) water vapours (iii) nitrous oxide. 

5. The environment which supports life. It extends to about 20 km 
from the bottom of the ocean to the highest point in the atmosphere 

, at which life can survive. 

6 « O 3 , O 2 , N 2 , and some water vapours. 

7, Ultraviolet radiations between 190 to 340 nm are removed in the 
stratosphere. 

8 , Any undesirable change in the physical, chemical and biological 
characteristics of air, water and land which is harmful to man 
directly or indirectly is termed pollution. 

9, Pollutants are chemical, biological or physical agents that exert 
undesirable effects on living organisms including human healdr, 
environmoit or belongings. 

10. Primary pollutants are thc^e which are emitted directly from die 
sources. The examples are: particulate matter, carbon monoxide, 
sulphur dioxide, nitric oxide, etc. 

11 . Secondary pollutants are those which are formed in the atmosphere 
by chemical interactions among primary poOutants and normal 
atmospheric constituents. The examples are: sulphur trioxide, 
nitrogen dioxide, PAN and PEN, etc. 

12. (i) Combustion of fossil fuels such as coal, petroleum and natural 

gas. 

(ii) Industrial processes (in) Agricultural burning 

13. (i) Fossil fuel based power plants (ii) Automobiles. 

14. Nitrogen dioxide IS. Carbon monoxide 

16. Photochemical oxidant is an atmospheric substance which is 
produced by a photochemical process which can oxidise materials 
not readily oxidised by oxygen. These are secondary pollutants. 

17. Ozone, peroxy-acetyl nitrate. 

18. Particulate refers to any atmospheric substance which is not in 
gaseous state. It can be a solid or a liquid or a mixture of the two. 

19. (i) Harmful effects on human health 

(ii) HarmM effects on vegetation 

(iii) Damage to materials (iv) Climatic change. 


20. -It describe all precipitation-rain, snow, fog, dew-which is more 
acidic than normal rain, ne, pH is less than 5.6. 

21 . CO 2 on dissolution prcduces a weak carbonic acid. 

22. Sulphuric acid (H 2 SO 4 ) and nitric acid (HNO 3 ). 

23. Nitric oxide, carbon monoxide and various unbumed hydrocarbons 
are the primary pollutants which are responsible for the formation 
of photochemical smog in presence of sunlight. 

24. The gases which are transparent to sunlight and are capable of 
absorbing IR-radiation and then to re-emit IR-radiation of longer 
wavelengths are termed greenhouse gases, 

25. Carbon dioxide, methane, chlorofluorocarbons. 

26. -~15^C 

27. The amount of warming which a greenhouse gas imparts to 1 square 
metre of the earth is called radiative forcing. 

28. 50%. 

29. (i) NonTossil energy sources shor^ld be adopted (ii) The production 
and use of chlorofluorocarbons should be banned (iii) Deforestation 
should be prevented (iv) Population of the world must be stabilised. 

30. (i) Oxides of nitrogen (ii) Chlorofluorocarbons. 

31. Global warming-Troposphere: Ozone depletion-Stratospheie. 

32. See text 

33. (i) Oxygen demanding wastes (ii) Synthetic organic compounds (iii) 
Inorganic Chemistiy and minerals (iv) Fertilizers (v) Sewage. 

34. See text 35. See text 36. H 2 O 37. CO, NO and NO 2 

38, Methyl isocyanate 39. Carboxyhaemoglobin 

40, Acute oxygen starvation in the body. 

41, By passing through alkaline solutions of Ca(OH )2 and Mg(OH )2 
or through cone. H 2 SO 4 . 

42, The lung disease caused by particulates of asbestos and silica 
respectively. 

43, Fog of H 2 SO 4 droplets deposited on carbon particulates. 

44, Reducing 45, Summer, daytime (after noon) 

46. Ocean, plants (photosynthesis) 

47, The decomposition of organic matter in the soil by micro-organisms 
to produce humus. 

Answers : Matching Type Questions 

(a^v); (l^-w); (c-p); (d-r); (e-s); (f-t); (g^); (h^u) 
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OBJeCTIVG QUGSTIONS 


— • • • 


Set I : This set contains questions with single correct answer. 


1. Biosphere includes: 

(a) Hydrosphere only □ (b) lithosphere only □ 

(c) atmosphere only .□ (d) all of these □ 

2* Which one is not die correct statement? 

Pollution means: 

(a) the presence of anything in the en^^rcnment in excess 

of the required limit □ 

(b) anything put into the environment which was not there 

in its natural state. O 

(c) direct or indirect changes in one or more components of 
the ecosystem which are not harmful to living organisms 

□ 

(d) international release of any chemical substoce in the 


environment with harmful effects □ 

3. Which one is not a chemical pollutant? 

(a) Noise □ (b) Pesticides □ 

(c) Liquid w^tes □ (d) Solid wastes O 

4. Which is the main air pollutant? 

(a) CO 2 □ (b) CO □ 

(c) Na □ (d) S 

5. Which is not an air pollutant? 

(a) Ha □ (b) HaS . □ 

(c) SO 2 □ (d) O 3 □ 

6 . Which, one is the bio-degradable pollutant? 


(a) Lead compounds □ (b) Mercuric salts O 

(c) Pesticides □ (d) Domestic w^tes □ 

7. Which one is not a correct statement? 

(a) Primary pollutants are those which am emitted dir^tly 


from the source p 

(b) Secondary pollutants are those which are formed in the 

atmosphere by chemical interactions among primary 

pollutants and atmospheric constituents □ 

(c) Acid-rain is a primary pollutant □ 

(d) Particulates refer to all atmospheric substances diat are 

not gases O 

8 , Which one of the following is an invaluable source of energy 
but does not cause pollution? 

(a) Petroleum □ (b) Sun □ 

(c) Fossil fuels □ (d) Nuclear energy □ 

9, The acid rain possesses: 

(a) sulphuric acid □ (b) nitric acid □ 

(c) sulphurous acid □ (d) all of these □ 

10* All except which cause pollution: 

(a) thermal power plant □ (b) hydro-electric plant □ 

(c) nuclear power plant □ (d) automobiles □ 

11. DDT is: 

(a) an antibiotic □ 

(b) a fertilizer □ 

(c) a non-degradable pollutant □ 

(d) dichlorodifluorotitanium □ 


12. Which one is not a water pollutant? 

(a) Automobile exhaust □ 

(b) Plant nutrients O 

(c) Oxygen demanding wastes □ 

(d) Disease causing agents □ 

13. Lung diseases are four times more in urban areas than rural 
areas. This is due to the presence of: 

(a) SO 2 □ (b) CO 2 □ 

(c) Na . O (d) water-vapour □ 

14. The loss or reduction of chlorophyll in the leaves is termed: 

(a) necrosis □ (b) chlorosis O 

(c) epinasty □ (d) lichen O 

15. Which statement is not correct? 

(a) CO is the main air pollutant □ 

(b) All pollutants are not wastes □ 

(c) Water is polluted by dissolved oxygen O 

(d) Lichens are pollution indicators □ 

16. Which one is not correct? 

Greenhouse effect: 


(a) is due to high concentration of CO 2 in atmosphere □ 

(b) is influence by gases such as CH 4 , O 3 and chloro- 

fluorocarbons □ 

(c) would result in the warming up of the earth □ 

(d) would result in lowering the level of oceans due to high 

evaporation □ 

17. Which one is not a correct statement? To minimise pollution: 

(a) manures and biofertiHzers should be used in place of 

chemical fertilizers □ 

(b) all nuclear tests must be stopped □ 

(c) green belts in cities should be developed □ 

(d) domestic garbage must be burnt □ 

18. Which is the most harmful for life on the globe? 

(a) Deforestation □ (b) Soil erosion □ 

(c) Incre^ing desert □ (d) Nuclear fall-out □ 

19. If BOD of river is high, it means that the river is: 

(a) not polluted □ 

(b) very much polluted with inorganic chemicals □ 

(c) very much polluted with organic chemicals which are 

decomposed by micro-organisms □ 

(d) polluted with pesticides □ 

20. Which of the following is produced by reaction of ultraviolet 
Ught? 

(a) CO □ (b) SO 2 □ 

(c) O 3 O (d) NOa O 

21. Earth is protected from UV-radiations by: 

(a) ozone layer □ (b) nitrogen layer □ 

(c) carbon dioxide □ (d) oxygen layer □ 

22. Which air pollutant is not released by scooters and cars? 

(a) SO 2 □ (b) Fly ash □ 

(c) Hydrocarbons □ (d) CO □ 
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23. Photo-chemical oxidants such as PAN or PBN are formed: 


(a) by action or nifrogen oxides on hydrocarbons in 

presence of sunlight □ 

(b) by action of carbon dioxide on hydrocarbons in 

presence of sunlight O 

(c) by action of hydrogen sulphide on hydrocarbons in 

presence of sunlight □ 

(d) none of these □ 

24. Fluorosis, a bone disease, is caused by the presence of: 

(a) pesticides in water □ 

(b) fluorides in water □ 

(c) carbon monoxide in air ^ □ 

(d) sulphur dioxide in air □ 

25. The pollutants released by jet aeroplanes in the atmosphere 

as fluorocarbons are called: 

(a) photochemical oxidants □ 

(b) photochemical reductants □ 

(c) aerosols □ 

(d) physical pollutants □ 

26. Pollution can be controlled by: 

(a) sewage treatment □ 

(b) manufacturing electrically operated vehicles □ 

(c) adopting gmen chemistry □ 

(d) aU of the above □ 

27. The chief pollutants which are responsible for ozone 
depletion: 

(a) SO 2 O 

(b) CO 2 P 

(c) CO □ 

(d) oxides of nitrogen and chlorofluorocarbons □ 

28. SO 2 and NO 2 cause pollution by increasing: 

(a) acidity O (b) alkalinity □ 

(c) buffer action □ (d) none of these □ 

29. Taj Mahal is threatened due to effect of: 

(a) chlorine □ (b) sulphur dioxide □ 

(c) oxygen □ (d) hydrogen □ 

30. Catalytic converter in automobiles is used to control: 

(a) water pollution □ (b) soil pollution □ 

(c) air pollution □ (d) noise pollution □ 

31. Most important cause of soil pollution is: 

(a) iron junks □ (b) glass junks □ 

(c) detergents □ (d) plastics □ 


32. When huge amount of sewage is dumped in a river,, the BOD 


vM: 

(a) increase □ (b) remain unchanged □ 

(c) decrease □ (d) increase or decree □ 

33. Which of the following is the secondary pollutant? 

(a) CO □ (b) PAN O 

(c) SO 2 O (d) Aerosol □ 

34. If there was no carbon dioxide in earth’s atmosphere, the 
temperature of the earth’s surface would be: 

(a) same as present □ 

(b) less than the present , □ 

(c) more than the present □ 


(d) depentoit on the amount of oxygen in the atmosj^iaDe □ 


35. Ozone hole refers to: 

(a) increased concentration of ozone □ 

(b) reduction in the thickness of ozone layer in troposphere 

□ 

(c) reduction in the thickness of ozone layer in stratosphere 

□ 

(d) hole in ozone layer □ 

36. Measurement of the rate of O 2 consumption in unit volume 
of water over a period of time is done to find out: 

(a) biogas generation 

(b) biological oxygen demand 

(c) -biosynthetic pathways 

(d) fermentation 

37. One of the metals used as a catalyst in automobiles’ catalytic 
converter is: 

(a) palladium □ (b) copper 

(c) radium □ (d) iron 

38. Photochemical smog is related to the pollution of: 


39. 


40. 


□ 

□ 

□ 

□ 


□ 

□ 


□ 

□ 

□ 

□ 


(b) 

(d) 

(b) 

(d) 


water 

air 


(a) soil 
(c) noise 

Lead is considered as: 

(a) water poUutant 
(c) air pollutant 
Gas released during Bhopal tragedy was: 

(a) sodium isothiocyanate 

(b) ethyl isothiocyanate 

(c) potassium isothiocyanate 

(d) methyl isothiocyanate 


soil pollutant 
radioactive poUutant 


□ 
□ 

□ 

□ ■ 
□ 
□ 
□ 

41. Pollutant is a chemical substance or factor which disturbs: 

(a) our balanced environment □ 

(b) geochemical cycles □ 

(c) flora of any region □ (d) fauna of any region □ 

42. A brick kiln should not be allowed near an orchard: 

(a) to save plants from soil erosion □ 

(b) to save fruits from labourers □ 

(c) to save plants from smoke and toxic gases emitted by 

IdM □ 

(d) to save plants from transport vehicles □ 

43. The basic component of smog is: [AJVl.U. (Med.) 2005] 

(a) PAN □ (b) PBN □ 

(c) NO 2 □ (d) aU of these □ 

44. In Antarctica, ozone depletion is due to the formation of the 

following compounds: [P.E.T. (Kerala) 2005] 

(a) acrolin □ (b) peroxyacetyl nitrate □ 

(c) SO2 and SO3 □ (d) chlorine nitrate □ 

45. An object is located at a height of 5 km from the surface of 

the earth. The object is located in which part of the 
atmosphere? [E.A.M.C.1,T. (Med.) 2006] 

(a) Thermosphere □ (b) Mesosphere □ 

(c) Stratosphere □ (d) Troposphere □ 

46. CFCI 3 is responsible for the decomposition of ozone to form 

oxygen. Which of the following reacts with ozone to form 
oxygen? [E..\.M.C.EX (Engg.) 2006] 

(a) 02 □ (b) O" □ 

(c) F“ □ (d) Cl □ 
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47. The photochemical smog can be suppressed by: 

[RE.T. (Kerala) im] 

(a) nitrogen oxides □ (b) hydrocarbons □ 

(c) radical traps O (d) formaldehyde □ 

(e) peroxyacetyl nitrate 

48. Which of the following is not an air pollutant? 

[E A.M.C.E.T. (Med.) 2007] 

(a) CO □ (b) SO 2 □ 

(c) NO □ (d) N 2 □ 

49. Green chemistry means such reactions which: 

[C,B.S.E. mg\ 

(a) are related to the depletion of ozone layer □ 

(b) produce colour during reactions □ 

(c) study the reactions in plants □ 


(d) reduce the use and production of hazardous chemicals 

□ 

50. Identify the wrong statement in the following: 

[A.IJLEJE.2008] 

(a) acid rain is mostly because of oxides of nitrogen and 

sulphur □ 

(b) chlorofluorocarbons are responsible for ozone layer 

depletion □ 

(c) greenhouse effect is responsible for global warming □ 

(d) ozone layer does not permit infrared radiation from the 

sun to reach the earth □ 
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51. In which part of atmosphere, ozone layer is present? 

[D.C JE. mm] 

(a) Stratosphere □ (b) Troposphere □ 

(c) Mesosphere □ (d) Thermosphere □ 

52. Which of the following is secondary pollutant? 

1B.PJVIX 2008] 

(a) CO 2 □ (b) N 2 O □ 

(c) PAN □ (d) SO 2 □ 

53. Among the following compounds, which one is not 
responsible for depletion of ozone layer? 

[E.A.M.CE.T. mm*) 2008] 
(a) CH 4 □ (b) CFCI 3 □ 

(c) NO □ (d) CI 2 O 

54. Which one of the following compounds helps in achieving 
equilibrium between O 2 and CO 2 in atmosphere? 

{E.AJ^CJLT. (Med.) ^ 8 ] 
(a) Chlorophyll □ (b) \^tamln-Bi 2 Cl 

(c) Porphyrin □ (d) Acetyl salicylic acid □ 

55. The secondary precursors of photochemical smog are : 

[EMX (Kerala) 2010] 


(a) 

SO2 and NO2 

□ 

(b) 

SO2 and hydrocarbons 

□ 

(c) 

NO2 and hydrocarbons 

□ 

(d) 

O3 and PAN 

1 


Set n : This set contains questions with two or more correct answers. 


56. The gases which are responsible fOT photochemical smog are: 

(a) oxides of nitrogen □ (b) hydrocarbons □ 

(c) carbon monoxide □ (d) inert gases □ 

57. The gases which are responsible for acid rain: 

(a) oxides of nitrogen O (b) oxides of sulphur □ 

(c) hydrocarbons □ (d) carbon monoxide .□ 

58. The g^es which are absorbers of IR-radiation: 


(a) oxygen □ (b) nitrogen □ 

(c) carbon dioxide □ (d) chlorofluorocarbons □ 

59. Particulates are add^ to the atmosphere by: 

(a) industrial processes □ (b) combustion of fuels □ 

(c) agriculture burning □ (d) photosynthesis □ 

60. The following processes occur in the troposphere: 

(a) photosynthesis O (b) combustion O 

(c) greenhouse effect □ (d) acid rain □ 


61. If the greenhouse effect or global warming remains 
unchecked, it alter: 

(a) sea levels □ (b) ozone layer D 

(c) rainfall □ (d) temperature □ 

62. The following reactions occur in the stratosphere: 

(a) C^ + UV- >0 + 0 □ 

(b) O 2 + O- >03 □ 

(c) Cl + O 3 -^ CIO + O 2 □ 

(d) SO 3 + H 2 O-^ H 2 SO 4 □ 

63. Pollution can be controlled if: 

(a) all automobiles must be fitted with exhaust system’s 

catalytic converters □ 

(b) use of fossil fuels must be minimised and non- 

conventional energy sources should be developed D 

(c) emphasis on green chemistry is given □ 

(d) population is stabilised □ 




1. 

(d) 

2. 

(C) 

11. 

(c) 

12. 

(a) 

21. 

(a) 

22. 

(b) 

31. 

(d) 

32, 

(a) 

41. 

(a) 

42. 

(c) 

51. 

(a) 

52. 

(c) 

60. 

(a,b,c,d) 

61, 

(a,c,d) 


3. 

(a) 

4. 

(b) 

13. 

(a) 

14. 

(b) 

23. 

(a) 

24. 

(b) 

33. 

(b) 

34. 

(b) 

43. 

(a) 

44. 

(d) 

53. 

(a) 

54. 

(a) 

62. 

(a,b,c) 

63. 

(a,b,c,d) 


5. 

(a) 

6. 

(d) 

15. 

(c) 

16. 

(d) 

25. 

(c) 

26. 

(d) 

35. 

(c) 

36. 

(b) 

45. 

(d) 

46. 

(d) 

55. 

(d) 

56. 

(a,b,c) 


7. 

(C) 

8. 

(b) 

17. 

(d) 

18. 

(d) 

27. 

(d) 

28. 

(a) 

37. 

(a) 

38. 

(d) 

47. 

(c) 

48. 

(d) 

57. 

(a,b) 

58. 

(c4) 


9. 

(d) 

10. 

(b) 

19. 

(c) 

20. 

(c) 

29. 

(b) 

30. 

(c) 

39. 

(a) 

40. 

(d) 

49. 

(d) 

50. 

(d) 

59. 

(a,b,c) 
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Objective Questions for IIT ASPIRANTS 


Fluoride pollution mainly affects: 

(a) teeth (b) heart 

(c) brain (d) kidney 

In 1984, the Bhopal gas tragedy took place; because methyl 

isocyanate: 

(a) Reacted with water (b) reacted with DDT 

(c) reacted with ammonia (d) reacted with CO 2 

Maximum permissible Umit of noise as per the noise pollution 
rules 2000 of India is: 

(a) 75 decibel' (b) 65decibel 

(c) 55 decibel (d) 50 decibel 

Silicosis is caused by: 

(a) acid xmn (b) depletion of ozone 

(c) inhalation of aerosols 

(d) inhalation of sulphur dioxide 

Sterility is caused by which pollutant in water? 

(a) copper (b) mercury 

(c) cadmium (d) manganese 

The pH of acid rain water is: . 

(a) L2 (b) 3.1 

(c) 5 (d) 6 

Byssinosis; a disease is caused by: 

(a) fly ash (b) cement dust 

(c) cotton fibres (d) lead particles 

Major source of methane in India is: 

(a) fruit orchards (b) sugar cane plantation 

(c) rice fields (d) wheat fields 

Which element is believed to be responsible for the fall of 
the Roman Empire? 

(a) copper (b) lead 

(c) arsenic (d) zinc 

Supersonic jets cause pollution by thinning of: 

(a) CO 2 layer (b) SO 2 layer 

(c) O 2 layer (d) O 3 layer 


Cracking of rubber is caused due to: 


(a) acid rain 
(c) smog 

12. Sulphur dioxide affects: 
(a) cell wan 

(c) skin 

13. DDT is: 

( 4 ) greenhouse gas 


(b) soot 
(d) all of these 

(b) brain 

(d) membrane system 

(b) degradable pollutant 


(c) non degradable pollutant (d) none of these 
Ultraviolet radiations from sunlight causes a reaction that 
produces: 

(a) fluorides (b) carbon monoxide 

(c) sulphur dioxide * (d) ozone 

Newspaper contains a toxic material called: 

(a) cadmium (b) lead 

(c) manganese (d) mercury 

Most atmospheric pollutants do not rise above: 

(a) mOrn (b) 600m 

(c) 60 km (d) 6 ra 

Jet aeroplanes release the pollutants in air called: 

(a) smog (b) photochemical oxidants 

(c) aerosols (d) fly ash 

Non~ionising radiations with specific biological effects are: 

(a) UV radiations (b) Beta rays 

(c) Gamma rays (d) X-rays 

Which of the following pollutants is not harmful to the lungs? 

(a) CO (b) SO 2 

(c) CG 2 (d) NO 2 

Which of the following vehicular fuels is currently accepted 

as ecofriendly? 

(a) Diesel (b) Petrol 

(c) LPG (d) CNG 



Assertion-Reason Type Questions 


In each of the following questions two statements are given 
as As^rlion (A) and Reason (R). Mark the answer according to 
following instructions: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are corr^t and (R) is not the con^t 
explanation of (A), 

(c) If (A) is correct but (R) is wrong. 


(d) If both (A) and (R) are wrong. 

1. (A) DDT and BHC are non-biodegradable soil pollutants. 
(jR) DDT and BHC are fertilizers. 

2. (A) PAN is main constituent of photochemical smog. 

(R) It is formed by the action of oxides of nitrogen and 
hydrocarbons in presence of sunlight. 

3. (A) Earth is protected from IR radiations by ozone layer. 
(R) Ozone layer is present in tro|K)sphere of the atmosphere. 
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4. (A) CO is a toxic air pollutant. 

(R) CO binds with haemoglobin of blood and reduces oxygen 
transport efficiency of blood. 

5, (A) Photochemical smog is produced by oxides of nitrogen. 


(R) Automobiles are a major source of oxides of nitrogen. 
6 , (A) For greenhouse effect, presence of green plants is 
essential. 

(R) Greenhouse effect is res{x>nsible for global warming. 



1 . (c) 2 . (a) 3. (d) 4. (a) 5. (b) 6 . (c) 


THOUGHT TYPE QUESTIONS 


THOUGHT 1 

Nitric oxide (NO) is the nucleus of photochemical smog. 

2NO(g) + 02 (air)-> 2 N 02 (g) 

Sunlight 

N02(g)-> NO(g) + [O] 

[0] +02(g)-^ 03(g) 

Both NO 2 and 63 are strong oxidising agents and react with 
unburnt hydrocarbons in the polluted air to produce 
formaldehyde, acrolein and peroxyacetyl nitrate (PAN). These 
products are harmful to the plant and animal life. 

Catalytic converters are now installed in the automobiles to 
reduce the photochemical smog. Photochemical smog can also be 
suppressed by certain compounds, which act as free radical trap. 

1. Which are the primary constituents of photochemical smog? 

(a) SO 2 and CO (b) NO 2 and hydrocarbons 

(c) CO 2 and NO 2 (d) Hydrcx^arbons and CFCs 

2. Photochemical transformation of . the automobile exhaust 
emission in UV wavelength of sunlight results into:, 

(a) CH 4 and (b) O 3 and PAN 

(c) CO 2 and NO 2 (d) CO and CO 2 

3* Smog is common pollutant in places having: 

(a) high temperature 

(b) low temperature 

(c) excessive ammonia in the air 

(d) excessive sulphur dioxide in the air 
4. Photochemical smog formed in congested metropolitan cities 

mainly consist of: 

(a) hydr(x:arbons, SO 2 and CO 2 

(b) hydrocarbons, ozone and SO 2 

(c) ozone, peroxyacetyl nitrate and NO^ 

(d) smoke, peroxyacetyl nitrate and SO 2 

THOUGHT 2 

Ozone layer acte as one of the most important life support 5, 
system. The major cause of ozone layer destruction is believed to 


be the release of chlorofluorocarbon compounds. UV radiation 
causes the chlorofluorocarbons to dissociate: 

CF2Cl2^ Cl* + CF2a 

A highly reactive chlorine atom is responsible for the 
decomposition of ozone. 

Cl* + 03-> CIO* + 02 (g) 

G10* + 0(g)->Cl* + 02(g) 

Free radicals of chlorine decompose ozone molecules in a chain 
reaction. The depletion of ozohe layer leading to ozone hole has, 
however, been mainly observed in the stratosphere over 
Antarctica, Special type of cloud called polar stratospheric clouds 
are formed over Antarctica. These clouds (contain solid 
HN 03 ‘ 3 H 20 ) play an important role in ozone depletion. 

cio*+no 2—> aoN02 
C10NO2+H2O —> Hcx:i+HNO3 
CIONO 2 + HCl-> CI 2 + HNO 3 

HOa^ H0* + C1* 

The reactive chlorine atoms thus formed are rendered to deplete 
ozone layer. 

1. The ozone layer is present in: 

(a) troposphere (b) stratosphere 

(c) mesosphere (d) thermosphere 

2. The result of ozone hole is: 

(a) acid rain (b) greenhouse effect 

(c) global warming 

(d) the UV radiation reach to earth 
Freon is not recommended to be used in refrigerators because 
they: 

(a) increase temperature (b) deplete ozone 

(c) affect environment (d) affect human body 

Ozone in stratosphere is depleted by: 2W4] 

(a) C 6 F 6 (b) C 7 Fi 6 (c) CF 2 CI 2 (d) C 6 H^l 6 
Peeling of ozone umbrella, which protects us from UV rays 
is caused by: 


am 




Thought 1 
Thought 2 


l.(b) 

l-(b) 


2 .(b) 

2 .(d) 


3. (a) 

3.(b) 


(a) PAN (b) CO 2 (c) CFCs (d) coal burning 


4. (c) 

4.(c) 


5. (c) 









TYPE 1 : Short and Very Short Questions 

ACTION OF HEAT ON COMPOUNDS 

Q. 1 . What happens when the following nitrates are heated? 

(a) NaN03 (Chile saltpetre) 

(b) KNOsCNitrc) 

(c) AgN03 (Lunar caustic) 

(d) Hg 0 SFO 3)2 (Mercuric nitmte) 

(e) NHiNC^ 

(f) Nitrates of heavy metals hke Cu, Zn, Pb, Ca and Ba. 

(g) LiN03 (Lithium nitrate) and Mg(N03)2 (magnesium 
nitrate). 

Ans. (a) At 316 °C, it melts and decomposes to nitrite and oxygen on 
further heating. 

2NaN03-> 2 NaN 02 + O2 

(b) KNO3 melts at 336 ^C and decomposes like NaN03 on further 
heating. 

2KNO3 -> 2KNO2 + O2 

(c) Lunar caustic melts at It decomix)ses on further 

heating according to the following chemical reactions: 

2AgN03-> 2AgN02 + O2 

2 AgN 02 -> 2 Ag + 2NO2 

(d) Hg(N 03)2 -> Hg + 2NO2 + O2 

(e) NH4NO3 melts at 165 ®C and decomposes at 200 °C to give 
laughing gas. Above 250 ^C its reaction becomes explosive. 

NH4NO3 N2O + 2H2O 

(f) Heavy metal nitrates decompc^e to give metal oxide along with 
NO2 and O2. 

2Zn(N03)2 2 ZnO + 4NO2 4 - O2 
2Ba(N03)2^^ 2 BaO + 4 N 02 + O2 
2Cu(N03)2-^ 2 CuO + 4NO2 + O2 

2 Pb(N 03 ) 2 —^ 2 PbO + 4NO2 + O2 

(g) Nitrates of lithium and magnesium decompose on heating 
giving mixture of nitrogen dioxide and oxygen. 

4 LiN 03 -> 2020 + 4NO2 -i- O2 

2 Mg(N 03)2 -> 2 MgO + 4NO2 + O2 

Q. 2 . What happens when the following carbonates are heated? 

(a) Washing soda (Na2CO3 l 0 H 2 O) 

(b) Silver and mercury carbonate (Ag2C03, Hg2Cb3) 

(c) Ammonium carbonate [(NH4)2C03] 

(d) Limestone (CaCOa) 

(e) Basic copper carbonate [CuC03-Cu(OH)2] 

(f) Zinc carbonate (ZnCOa). 

Ans. (a) Dehydration takes place on heating the washing scKia. 

Na2CO3 l0H2O Na2C03;H20 (melts at 950 ^C) 

Na2C03*H20-^ Na2C03 (anhydrous) 


(b) Silver and mercury carbonates decompose on heating to 
corresponding metal. 

2 Ag 2 C 03 ^ 4 Ag + 2CO2 + O2 

2 Hg 2 C 03 — 4 Hg + 2CO2 4 * O2 

(c) Ammonium carbonate on heating changes to ammonium 
bicarbonate followed by ammonium carbamate. 


2 (NH 4 ) 2 C 03 ->NH 4 HC 03 + NH 2 CXX)NH 4 

AmmCHflium 

carbamate 

•f H2O + NH3 

(d) Limestone decomposes on heating to evolve CO2 gas, leaving 
behind CaO. 

CaCOs--^ CaO + CO2 

(e) Carbonate of copper also decomposes tike calcium carbonate. 

CuC 03 Cu( 0 H) 2 —^ 2 CuO + CO2T + H 20 t 

(f) At about 300 ’^C, ZnC03 decomposes to give ZnO and CO2 
gas. 

ZnCOj ZnO + COat 

Q. 3 . What happens when bicarbonates of calcium and sodium 
are heated? 

Ans. These bicarfoonates d^ompc^e to give corresponding carbonates,' 
Ca(HC03)2 -> CaCOs + H 2 O 4- CO 2 

2NaHC03 Na2C03 + H2O + CO2 

Q. 4 . What happens when sulphates of the following metals are 
heated? 

(a) Sulphates of Na, K, Mg, Ca, Sr, Ba and Pb 

(b) Sulphates of Ag, Cu, Zn and Fe 

(c) Ammonium sulphate, (NH4)2S04. 

Ans. (a) Sulphates of these metals lie in hydrated state; when they 
are heated, dehydration takes place. 

Na 2 SO 440 H 2 O -> Na2S04 + IOH2O 

Glauber’s salt 

150 °C 200 ®^ 

MgS04-7H20-MgS 04 H20 —^ MgS 04 


(b) 


Epsom salt 

2(CaS04*2H20) 

Gypsum 


125®C 


4 2CaS04 H 20 + 3H2O 
L 


CaO 4- S03t 


. 400 °C 


j^ 20 (rc 

2CaS04 4 -H 20 
Anhydrous 


Ag2S04 ——> 2 Ag + SO2 + O2 

CuS 04-5H20 CUSO4 H2O — > CuS04 

Blue vitriol White 


SOst 4- CuO 

ZnS04-7H20 ZnS 04 H20 ^”°^ > ZnS 04 

White vitriol I 

ZnO + SOst <J 90 !cJ 


Decomposition of green vitriol is similar to blue and white vitriol. 

PeS04-7H20 FeS 04 H20 FeS 04 

Gieeu vitriol 

2FeS04 FejOj + SO3 + SO2 





Miscellaneous 


Note 5 Thermal decomposition of ferric sulphate also gives ferric oxide 
and SO3 gas. 

Fe2(S04)3 ^ F^03 Hh 3SO3T 

(c) Ammonium sulphate on heating melts with emission of 
ammonia gas. On further heating at about 300 ^C it finally 
decomposes to NH3, N2 and SO2 gases. 

(NH4)2S04 -> NH4HSO4 + NH3T 

3NH4HSO4 -> NH3 + N2 + 3SO2 + 6H2O 

Q. 5 . Show the effect of heat on the following commercially 
important compounds: 

(a) Borax, Na 2 B 4 O 740 H 2 O 

(b) Common alum, K2S04Al2(S04)3-24H20 

(c) Red lead, Pb304 

(d) Orthoboric acid, H3BO3 

(e) Orthophosphoric acid^ H3PO4 

(f) Potassium chlorate, KCIO3 

(g) Aiimaoniiira dichromate, (NH4)2Cr2C)7 

(h) Phosphorus acid, H3PO3 

(i) Mixture of (^4)2804 and NaNOa 

(j) Ainmoiiium nitrite, NH4NO2. 

Ans. (a) Borax on heating decomposes to give colourless glassy 
Na2B407 IOH2O-> Na2B407 + IOH2O 

2 NaBQ 2 +B 203 ^ _I 

Gkssybead 

(b) First of afi alum melts, undergoes dehydration and finally gives 
oxides of potassium and aluminium. 

K2SO4^Al2(S04)3*24H2O-> K2S04^Al2(S04)3 + 24H2O 

K2O + AI2O3 + 4803 ?^^-1 

(c) Red lead on heating at 470 ^C gives litharge. 

2Pb304-^^2!^6Pb0 + O2T 

(d) Orthoboric acid on heating decomposes to give metabolic acid 
followed by tetraboric acid. 

H3BO3 . HBO2 + H20 

Metabolic acid 

4HBO2 H2B4O7 + H20 

Tetraboric add 

(e) When orthophosphoric acid is heated at 250 "C it changes to 
pyrophosphoric acid. On heating at 600 ®C, pyrophosphoric 
acid decomposes to give metaphosphoric acid, 

2H3PO4 . H4P2O7 +H20 

Pyrophosphoric acid 

H4P2O7 2HPO3 +H20 

Metaphosphoric acid 

(f) KQO3 decomposes to a small extent at 370 X to give oxygen. 
On further heating the molten m^s solidifies, which conteins 
both KCl and KCIO4 (potassium perchlorate). 

Potassium perchlorate on thermal decom|K>sition yields po¬ 
tassium cMoride and oxygen. 

2Ka03 2KC1 + 302t 

4 KCIO 3 -> 3 KCIO 4 + KCl 

KCIO4 KCl + 202t 

(g) Decomposition of ammonium dichromate on heating yields 
N2 gas. It is a method of preparation of N2 gas. 

(NH 4 ) 2 Cr 207 ^ Cr203 + 4H2O + N2 
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(h) Phosphorus acid on heating gives phosphine and orthophos¬ 
phoric acid. 

4H3PO3 -^3H3P04 + PH3 

(i) Mixture of ammonium sulphate and sodium nitrate on heating 
gives nitrous oxide, ie,, laughing gas. 

(NH4)2S04 + 2NaN03“^ Na2S04 + 2NH4NO3 
NH4NO3 ->N20 -I- 2H2O 

(j) Decomposition of ammonium nitrite on heating gives N2 gas. 

NH4NO2 N2 + 2H2O 

Q. 6. Show, what happens when the following chlorides are 

heated? 

(a) NH^a (b) QiarlHaO 

(c) Mgar6H20 (d) Zhar2H20 

Ans. (a) Ammonium chloride decomposes to give NH3(g) and HCl(g). 

NH 4 C 1 (s) NEjig) + B£l(g) 

(b) Cupric chloride on heating gives cuprous chloride along with 
CI2 gas. 

CuCl2*2H20 ->CuCl2 + 2H2O 

2CuCl2 -> CU2Cl2 + CI2 

(c) Hydrated zinc chloride when heated gives basic zinc chloride 
^d rinc oxychloride. 

ZnCl2-2H20-> Zn(OH)Cl + HCl -b H2O 

2 ZnCl 2 -H 20 -^ Zn 20 Ci 2 + 2 HC 1 + H2O 

(d) Crystalline magnesium chloride on heating first of aU loses 
its four water molecules. Dihydrate of magnesium chloride 
when further heated undergoes hydrolysis to give MgO along 
with HCL 

MgCV 6 H 20 -> MgCl 2 ‘ 2 H 20 + 4H2O 

MgCl 2 - 2 H 20 -^ Mg(OH)Cl + HCl + H2O 

Mg(OH)Cl > MgO + HCl 

Q.7. Show, what happens when the following compounds are 

heated? 

(a) KMn04 (Potassium permanganate) 

(b) K2Cr207 (Potassium dichromate) 

(c) Piaster of Paris, [(CaS04)2*H20] 

(d) Na2HP04 (Disodium hydrogen phosphate) 

(e) [Na(NH4)HP044H20] (Microcosmic salt). 

Ans. (a) When KMn04 is heated, it decomposes evolving oxygen, 

2KMn04^^^K2Mn04 + Mn02 + O2 

(b) Potassium dichromate, on heating strongly, decomposes 
liberating oxygen. 

4 K 2 Cr 207 -» 4 K 2 Cr 04 + 2Cr203 + 302 

(c) On heating upto KXTC, it b^omes anhydrous. The anhydrous 
salt decomposes into CaO and SO3. 

(CaS04)2H20^^ 2CaS04 + H2O 
CaS04 CaO + S03 

(d) Disodium hydrogen phosphate on heating first forms sodium 
pyrophosphate which on forther heating forms sodium 
metaphosphate. 

2Na2HP04 - > Na4P207 -¥ H2O ^ 

Na4P207 -> 2NaP03 + Na20 —^ 2 NaOH 

(e) When microcosmic salt is heated, it melts to form a clear 
transparent mass of sodium metaphosphate. Ammonia gas is 
evolved. 

Na(NH4)HP04 -> NaPOs + NH3 + H2O 

Sodium 

metaphosphate 




970 


GR.B. Inorganic Chemistry for Competitions 


IMPORTANT CHEMICAL REACTIONS 

Q.I. What happens when water reacts with the following 
compounds? 

(a) Antimony chloride (SbCl3), bismuth chloride (Bids) 

(b) Calcium cyanamide, GaCN2 

(c) Calcium phosphide, Ca3P2 

(d) Magnesium nitride, Mg3N2 

(e) Red hot coke 

(f) Red hot iron 

(g) Borax. 

Ans. (a) Chlorides of both antimony and bismuth undergo hydrolysis 
to give white precipitates of their oxychlorides. 

SbCls + H2O-> SbOCl + 2HC1 

BiCla + H2O-> BiOCl + 2HC1 

(White ppt.) 

(b) Calcium cyanamide on hydrolysis evolves NHsCg). 

CaCNi + SHjO-> CaCOs + 2NH3T 

(c) Calcium phosphide undergoes hydrolysis to evolve phosphine 
gas. 

CajPa + 6H2O-> 3Ca(OH)2 + 2PH3T 

(d) Magnesium nitride reacts with water to form its hydroxide 
and ammonia gas. 

Mg3N2 + 6H2O-> 3Mg(OH)2 + 2NH3t 

(e) On passing steam over red hot coke, we get water gas. 

C + H20(g)-> Cd* + H2 

Water gas 

(f) On passing steam over red hot iron, it gives ferrosoferric oxide 
and H2 gas. 

3Fe + 4H20(g)-> Fe304 + 4H2t 

(g) Borax undergo^ hydrolysis and the solution becomes alkaline 
due to NaOH. 

Na2B407 + 7H20^-> 4H3BO3 + 2NaOH 

Q. 2 , Write down the products when H2O2 reacts with following 
compounds: 

(a) PbS (b) KI (c) H2S (d) O3 (e) Ag20 
(f)FeS04(g) K3[Fe(CN)6] (h) KMn04 (i) CI2. 

Ans. (a) Lead sulphide is oxidised to lead sulphate by H2O2. 

4 X tH202 -^ H2O + [O]] 

PbS + 4[0]->PbSQ4 _ 

PbS + 4H2O2-> PbS04 + 4H2O 

(b) On adding KI to H2O2,12 is liberated. 

2KI-LH202->2KOH + I2 

(c) Hydrogen peroxide oxidises H2S to sulphur. 

H2O2-^H20+[0] 

H2S + [0]-»H2Q+S 

H202+e2S->2H20 +s 

(d) Mutual reduction of H2O2 and O3 takes place according to 
the following reaction, 

H2O2 + O3- >E 20 +2O2 

(e) Hydrogen peroxide reduces Ag20 to silver metal. 

H2O2-> H2O + [O] 

AgaO-^2 Ag+[ 0] 

[Q] + [0]—»Q2 _ 

II2C2 + AgaO- ¥ 2Ag + H2O + O2 

(f) Ferrous sulphate is oxidised to ferric sulphate by H2O2. 

H2O2->H20+ [O] 

2FeS04 + H2SQ4 + [Q]-» Fe2(SQ4)3 + H2O 

2FeS04 + H2SO4 + H2O2-> Fe2(S04)3 + 2H2O 


(g) In alkaline medium, K3[Fe(CN)g] is reduced to K4[Fe(CN)6] 
by H2O2. 

2K3Fe(CN)6 + 2KOH + H2O2-> 2K4[Fe(CN)6] 

+ O2 + 2H2O 

(h) H2O2 decolourises the pink colour of KMn04 solution. 

5 x[H 202 ->H20+[0]] 

2KMn04 + 3 H 2 SO 4 -> K 2 SO 4 + 2MnS04 + SHaO + 5[0] 

5 [O] + 5[0]-> 5O2 

2KMn04 + 3H2SO4 + 5H2O2->K2S04 + 2MnS04 + 8H2O 

(i) When CI2 is passed through H2O2, mutual reduction takes 
place. 

H2O2 + CI2->2HC1 + 02 

Q, 3 . What happens when CO2 reacts with the following 
compounds? 

(a) Na2C03 (b) Lime water, Ca(OH)2 

(c) Mg (d) Na. 

Ans. (a) By passing CO2 through aqueous Na2C03, it is converted to 
bicarbonate. 

NaaCOs + H2O + CO2-^ 2NaHC03 

(b) Ca(OH)2 + CO2-> CaCOs + H2O 

(c) Mg bums in the gas jar of CO2, forming its oxide and particles 
of c^bon. 

2Mg + C02->2MgO + C 

(d) On heating Na in a gas jar of CO2, formation of sodium 
carbonate takes place. 

4Na + 3CO2-^ 2Na2C03 + C 

Q, 4 , What happens when N2 reacts with the following 
compounds? 

(a) Mg (b) CaC2 (c) Coke and alumina. 

Ans, (a) On passing N2 over hot Mg we get nitride. 

A 

3Mg + N2- > Mg3N2 

(b) By passing Na over red hot CaCa we get calcium cyanamide 
which is used as nitiolim fertilizer. 

CaCa + Na-> CaCNa + C 

(c) When Na is passed through red hot coke and aluminium we 
get nitride of aluminium. 

AI2O3 + N2 + C-^ 2A1N + 3CO 

Q. 5 . What happens when NO gas is passed through? 

(a) FeS04 (b) NaaCOs. 

Ans. (a) FeS04 forms reddish-brown compound with NO called 
nitrosoferrous sulphate. 

FeS04 + NO-^ FeS04«N0 

(b) On passing a mixture of NO and NO2 through aqueous 
washing soda we get sodium nitrite. 

Na2C03 + NO + NO2-^ 2NaN02 + CO2 

Q. 6. Show how carbon monoxide (CO) reacts with CI2 and cupric 
oxide? 

Ans. CO gas combines with chlorine to give phosgene. 

CO + CI2-> COCI2 

Carbon monoxide reduces cupric oxide to copper. 

CuO+CO-^Cu + C02 

Q, 7 , What happens when caustic soda or caustic potash reacts 
with? 

(a) Zn (b) Pb (c) Sn (d) A 1 (e) Yellow P (f) Sulphur 
(g) Chlorine, bromine or iodine (h) ZnS04, ZnCla (i) AI2O3 
(j) CUSO4 (k) AgNOa ( 1 ) SnOa (m) NaN03 and A 1 (n) MgCL 
(o) Ammonium salts. 

Ans. (a) H2 gas is evolved when Zn reacts with caustic soda. 
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2NaOH + Zn-» Na2Zn02 + Hjt 

(b) Pb reacts with NaOH, just like Zn. 

2 NaOH + Pb-^ Na2Pb02 + H2 

(c) Tin dissolves in NaOH to form sodium stannate along with 
H2 gas. 

Sn + 2NaOH + H 2 O-> Na 2 Sn 03 + 2 H 2 T 

(d) On boiling aluminium powder with NaOH we get sodium 
metaaluminate and aluminate. 

2A1 + 2NaOH + 2 H 2 O —^ 2NaA102 + 3 H 2 T 

Sodium metaaluminate 

2A1 + 6NaOH-> 2 Na 3 A 103 + 3 H 2 T 

Sodium aluminate 

(e) Yellow phosphorus reacts with alkali to give phosphine. 

P4 + 3 NaOH + 3H2O-> PH3 + 3NaH2P02 

(f) Sulphur dissolves in alkali to give sodium pentasulphide and 
sodium thiosulphate. 

12s + 6NaOH-> Na2S203 + 2Na2S5+3H20 

(g) Chlorine, bromine or iodine reacts with alkali in simOar 
manner. 

• CI2 + 2 NaOH(dil.)-> NaCl + NaClO + H2O 

3CI2 + 6 NaOH(conc.)-> 5 NaCl + NaCl03,+ 3H2O 

Similarly, 

Br2 - 1 - 2 NaOH(diL)-^ NaBr + NaBrO + H2O 

3 Br 2 + 6 NaOH(conc.)- > SNaBr + NaBr03 + 3H2O 

I2 + 2 NaOH(diL)-> Nal + NalO + H2O 

3I2 + 6 NaOH(conc.)-> 5 NaI + NaI03 + 3H2O 

(h) When salts of Zn are treated with NaOH, white precipitate 
of hydroxide is formed which dissolves in excess of NaOH. 

ZnS 04 4 - 2NaOH-> Zn(OH )2 + Na 2 S 04 

aCl2 + 2 NaOH-> 2 ii(OH )2 +^ 2 NaCl 

White ppt. 

Zn(OH)2 + 2 NaOH-» NaaZnOa + 2H2O 

Sodium silicate 

(i) AI2O3 dissolves in NaOH forming sodium metaaluminate. 

AI 2 O 3 + 2NaOH-» 2 NaA 102 + H 2 O 

(J) CUSO4 forms precipitate of Cu(OH)2, when added to NaOH. 
CUSO4 + 2 NaOH-> Cu(OH) 2 + 2Na2S04 

(k) AgN03 on treatment with NaOH, gives precipitate of Ag20- 

2AgN03 + 2 NaOH-^ 2NaN03 + Ag20 + H2O 

(ppt) 

(l) SnCl2 dissolve in NaOH to give white precipitate of Sn(OH)2. 
Precipitate dissolves in excess of NaOH. 

SnCl2 + 2 NaOH™~-^ 2 NaCl + Sn(OH)2 

(White ppt.) 

Sn(OH )2 + 2NaOH-> NaaSnOi + 2 H 2 O 

(m) SNaNOj + 8 A 1 + 5 NaOH + 2H2O->8NaAI02+ 3NH3t 

(n) On heating with NaOH solution, mercuric chloride forms a 
yellow precipitate of mercuric oxide. 

HgCla + 2 NaOH -^ HgO + 2 NaCl + H2O 

(o) Ammonium salts on heating with NaOH solution, liberate NH3 
gas. 

NH4CI + NaOH-^ NH3 + NaCl + H2O 

Ammonium 

chloride 

(NH4)2S04 + 2 NaOH-> 2NH3 + Na2S04 + 2H2O 

Q. What happens when? 

(a) SO2 gas is passed through a suspension of iodine in 
water. 

(b) Metallic zinc is added to atkaline sodium nitrite solution. 
Ans. (a) SO2 reduces I2 to HI and itself undergoes oxidation to H2SO4. 

SO2 + I2 + 2H2O-^ H2SO4 + 2 HI 


(b) Zn + 2 NaOH-» Na2Zn02 + 2 [H] 

NaN02 + 6[H] ) NaOH + NH3 + H2O 

Q. 9 . What happens when ozone reacts with? 

(a) Hg (b)Ag (c) K4[Fe(CN)6] (d)K2Mn04 

(e)KI (f) PbS (g)S (h)P. 

Ans. (a) Mercury is oxidised to mercurous oxide, which sticks to the 
walls of the glass vessel, 

O3-> O2+ [O] 

2 Hg 4 -[Q]-^Hg 20 

2 Hg + 03^ O2 + Hg 20 

(b) Silver is oxidi^d to its oxide. 

O3->02 + [0] 

■ 2Ag + [0]-^ Ag2Q 

2 Ag + O3-^ Ag20 + O2 

(c) Potassium ferrocyanide is oxidised to potassium ferricyanide. 

O3-^ O2 + [O] 

2 K 4 [Fe(CN)d + H2Q + [O]-> 2 K 3 [Fe(CN) 6 ] 4 - 2 KQH 

2 K 4 [Fe(CN) 6 ]+ 03 +H 20 -> 2K3[Fe(CN)6]+2KOH + O2 

(d) Potassium manganate is converted to potassium permanganate 
by passing O3 gas through its aqueous solution. 

2K2Mn04 4 - H2O 4- O3-> 2KMn04 + 2 KOH + O2 

(e) By passing ozone through aqueous KI, I2 is liberated. 

2 KI + H2O + 03—^ 2 KOH + I2 + O2 

(f) Lead sulphide is oxidised to lead sulphate, 

4 X [O3-> O2 4 - [O]] 

PbS + 4[0]-> PbS04 

PbS + 4O3 —> PbS04 + 4O2 

(g) Sulphur is oxidised to sulphuric acid in aqueous medium, 

3 x [03 ->O2 + [0]] 

S + 3 [ 0 ]- ^SOs 

H2O + SO3-» H2SO4 

3O3 + S 4- H2O-^ H2SO4 + 3O2 

(h) Ozone oxidises phosphorus to phosphorus pentoxide which 
dissolves in water to give orthophosphoric acid. 

5 X [O3-^ O2 + [O]] 

2 P 4 - 5 [ 0 ]-> P2O5 

P2O5 + 3H2O-> 2H3PO4 

2 P 4- 5O3 4 - 3H2O-^ 2H3PO4 + 5O2 

Q. 10 . What happens when? 

(a) Mixture of red phosphorus and iodine is heated witii 
water. 

(b) Calcium phosphate is heated with sand and coke. 

(c) Phosphorus is heated with sulphur. 

(d) Aqua-regia is added to gold, 

Ans. (a) On boiling the mixture of red P and I2 with water, we get 
hydrogen iodide and phosphorus acid. 

2P + 3I2-> 2PI3 

[PI3 + 3H2O-^ H3PO3 + 3 HI] X 2 

2 P + 3I2 + 6H2O-^ 2H3PO3 + 6HI 

(b) It is a method of preparation of white phosphorus. 

Ca 3 {P 04)2 + 3 Si 02 -> 3 CaSi 03 + P2O5 

P2O5 + 5 C-> 2 P + 5 COt 

(c) When phosphorus reacts with sulphur we get tri- and penta- 
sulphides, which are used in the tip of matchstick. 

4 P + 6S-^ 2 P 2 S 3 

4 P 4 - lOS-> 2P2S5 
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(d) Gold dissolves in aqua-regia to form chloroauric acid. 

3 X [HNO3 + 3 HC 1 -> NOCl + 2H2O + 2 [C 1 ]] 

2 X [Au + 3 [C 1 ]-> AUCI3] 

2 X [AuCla + HCl- —> H[Auq4]] _ 

3HNO3 + 2 Au + llHCl-> 3 NOCl + 6H2O + 2H[AuCl4] 

Q,ll, What happens when ammonia reacts with? 

(b) Silver chloride 

(d) Iodine 

(f) Nessler's reagent 
(h) Sodium 
(j) Chlorine 

Ans. (a) Silver nitrate dissolves in ammonia solution forming complex. 

AgNOg + 2NH4OH-> [Ag(NH3)2]N03 + 2H2O 

Dimimmesilver nitrate 

(b) Silver chloride also dissolves in ammonia forming complex 
compound. 

AgCl + 2NH4OH —^ [Ag(NH3)2]Cl + 2H2O 
Di2unminesilver(l) 
chloride 

(c) When ammonia solution is added to copper sulphate, we get 
dark blue coloured complex compound. 

CUSO4 + 4NH4OH-^ [Gu(NH3)4]S04 + 4H2O 

Tetraamirdnecoppeitn) 

sulphate 

(d) Iodine forms an explosive compound with ammonia. 

2NH3 + 3I2-> NH3NI3 + 3 HI 

(e) When ammonia solution is added to 2mc chloride we get white 
precipitate which dissolves in excess of ammonia solution. 

2iiCl2 -h 2NH4OH-^ :^(0H)2 + 2NH4CI 

Zn(OH)2 + 2NH4OH + 2NH4CI-^ [Zn(NH3)4]Cl2 + 4H2O 

2M2 + 4NH4OH^ [Zn(NH 3 ) 4 ]Cl 2 + 4H2O 

Tetraajnammezinc 

chloride 


(a) Silver nitrate 
(c) Copper sulphate 
(e) Zinc chloride 
(g) Mercurous chloride 
(i) CuO 
Bromine. 


(f) Nessler's reagent is used to test ammonia. It gives brown 
precipitate of iodide of Millon’s base when ammonia gas is 
passed through it. 


2K2Hgl4 -I- NH3 + 3 KOH - 



Hg 
Hg- 

Iodide of Millon’s base 


(g) White prrapitate of mercurous chloride dissolves in ammonia 
solution and gives black residue of basic mercuric chloride and 
mercury. 

Hg2Cl2 + 2NH4OH-> HgNHaCl + Hg + NH4CI + 2H2O 

Black ppt. 

(h) Sodium dissolves in liquid ammonia forming blue coloured 
solution due to presence of solvated electrons, 

Na + (jc + 7)^3-> Na(NH3)t + (Mij)' 

(Solvated electrons) 

When dry NHsCg) comes in contact with sodium, it gives 
nascent hydrogen which is used to reduce various organic 
compounds. 

Na + NH3(g)-> NaNH2 + M 

(i) Red hot cupric oxide reduces NH3 gas to nitrogen. 

3 CuO -I- 2NH3 - >3C\x + N2 + 3H2O 

(j) Chlorine oxidises ammonia (excess) to nitrogen. 

8NH3 + 3CI2-> N2 + 6NH4CI 


When chlorine is in excess, ammonia reacts with it to form an 
explosive. 

NH3 + 3 Cl 2 —^ NCI3 + 3 HCI 

(k) Reaction of Br2 with ammonia is similar to the reaction of 
CI2 with ammonia. 

8NH3 4 - 3Br2-^ N2 + 6NH4Br 

NH3 4 - 3Br2 ——> NBr3 4 - 3 HBr 
Q* 12 . What happens when? 

(a) Sodium thiosulphate is added to silver nitrate. 

(b) Nitrogen is passed through md hot alumina and coke. 

(c) Iodine is add^ to the mixture of Na 2 S 03 and NaaS. 

(d) Ammonium thiocyanate is added to ferric chloride. 

Am (a) Formation of complex compound takes place, 

2 Na 2 S 203 + AgN 03 -> Na 3 [Ag(S 20332 ] +NaN 03 

(b) AI2O3 4 - 3 C + N2-> 2 A 1 N + 3 COt 

(c) Iodine reacts with the mixture of Na2S03 and NaaS to form 
sodium thiosulphate. 

Na2S + Na2S03 + I2-> Na2S203 4 - 2 NaI 

(d) Ammonium thiocyanate is the reagent to test ferric ion; 
formation of blood red coloured ferric thiocyanate takes place. 

FeCl3 + 3NH4SCN-> Fe(SCN)3 + 3NH4CI 

Blood rad 

Q.13. Write down the reaction product of chlorine with the 
following compounds. Give the involved reactions also. 

(a) Mixture of alumina and coke 

(b) Phosphine 

(c) Iodine in aqueous medium 

(d) Carbon monoxide 

(e) Uxm 

(f) H2S gas 

(g) KI ■ 

(h) Hypo (sodium thiosulphate). 

Ans. (a) AI2O3 + 3 C + 3CI2-> 2AICI3 + 3 COT 

(b) Phosphine bums in atmosphere of chlorine, forming PCI5 and 
HCl. 

PH3 4 - 4Cl2-> PCI5 + 3 HC 1 

(c) Chlorine oxidises iodine to iodic acid in aqueous medium. 

[CI2 4 - H2O-» 2 HC 1 4 - [Oil X 5 

l2 + 5 [ 0 ]->I 205 

I2O5 H2Q-> 2HIO3 

I2 + 5CI2 + 6H2O-^ 2HIO3 + lOHCl 

(d) Chlorine combines with carbon monoxide to form a poisonous 
gas phosgene. 

CO(g) + Chig) -^ COCI2 

Phosgene 

(e) Lime: (i) On passing CI2 gas through hot and concentrated 

lime water we get calcium chloride and calcium chlorate. 

6Ca(OH)2+ 6CI2-> 5CaCl2+Ca(C103)2+ 6H2O 

Calcium chlorate 

(ii) CI2 gas gives calcium hypochloride on passing through cold 
and dilute hme water. 

2Ca(OH)2-(| 2CI2-> CaCl2+Ca(OCl)2+ 2H2O 

(iii) On passing CI2 through dry hme we get bleaching powder. 

Ca(OH)2 4- CI2-^ CaOQa + H2O 

(Bleaching powder) 

(f) On passing mixture of CI2 and H2S through a hot tube, 
oxidation of H2S to sulphur tak^ place. 

H2S + CI2-> 2 HC 1 4 - S 
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(g) Chlorine is more reactive than iodine, hence, it displaces iodine 
from iodide sails. 

CI2+2II->2KCl-hl2 

(h) Chlorine water oxidi^s sodium thiosulphate to sodium 

sulphate, ^ 

CI2 + H2O-^ 2HC1 + [O] ^ 

Na2S203 + [O]-> Na2S04 + S 

Na2S203 + CI2 + H2O —^Na2S04 + 2HC1 + S 
Q* 14 * What happens when? 

(a) Iodine is added to sodium thiosulphate. 

(b) Iodine is dissolved in aqueous solution of KI. 

(c) Iodine is added to stannous chloride in md medium. 

(d) Iodine k allowed to react with aq. KOH. 

Ans. (a) Iodine changes sodium thiosulphate to sodium telrathionate. 
2Na2S203 + I2-> 2NaI + Na2S406 

(b) Iodine dissolves in aqueous KI forming potassium triiodide. 

KI + I2-> KI3 

(c) Iodine oxidises SnCl2 to SnCl4. 

SnCl2 + 2HC1 + I2-> SnCU + 2HI 

(d) Iodine a)nverts cold and dilute KOH to potassium hypoiodite. 

2KOH + I2-> KI + KIO + H2O 

With hot KOH, Iodine forms KI and potassium iodate. 

6KOH + 3I2-> SKI + KIO3 + 3H2O 

Q, 15 * What happens when: 

(a) Chromium hydroxide is treated with hydrogen peroxide 
in the presence of sodium hydroxide. 

(b) Hydrolith is treated with water. 

(c) Concentrated solution of NH4HSO4 in H2SO4 is 
electrolysed using current of high density. 

(d) Hydrazine reacts with hydrogen peroxide. 

(e) Tin tetrachloride reacts with lithium aluminium hydride. 

(f) Sodium hydride reacts with diborane. 

(g) Anhydrous potassium nitrate is heated with excess of 
metallic potassium. 

(h) Berylhum chloride reacts with LiAlH4. 

(i) A mixture of borax and cobalt oxide is heated in a flame. 

(j) Tin is treated with concentrated nitric acid. 

Oc) Red lead is teated with nitric acid. 

(1) Carbon dioxide is passed through a concentrated 
aqueous solution of s(xiium chloride saturated with 
ammonia, 

; (m) Lead is reacted with acetic acid in presence of oxygen. 

(n) Stannous chloride is reacts with mercuric chloride 
solution. 

(o) Potassium ferrocyanide is heated witii concentrated 
I^S04. 

(p) Silica is heated with CaF2 and concentrated H2SO4. 

(q) Phosphine is treated with an acidified copper sulphate 
solution. 

(r) Iodine reacts with concentrated nitric acid. 

(s) Orthophosphoric acid is heated with cone, nitric acid 
and ammonium molybdate. 

(t) Disodium hydrogen phosphate is added to ammonical 
solution of magnesium sulphate. 

(u) Phosphine is passed through silver nitrate solution. 

(v) Ammonia reacts with sodium hypochlorite. 


(w) Copper sulphate is freated with hypophosphoms acid. 

(x) Mercuric chloride is freated with hypophosphoms acid. 

(y) Phosphoms pentachloride reacts with sulphuric acid. 

(z) Phosphoric acid reacts with Ca 5 (P 04 ) 3 R 

Ans. (a) Chromium hydroxide is converted into soluble sodium 
chromate. 

2Cr(OH)3 + 4 NaOH + 3H2O2—^ 2 Na 2 Cr 04 + 8H2O 

(b) Hydrolysis of CaH2 cx^curs with evolution of hydrogen. 

CaH2 + 2H20-> Ca(OH)2 + 2H2t 

(c) Ammonium peroxydisulphate is formed. 

NH4HSO4 + NH4SOi 

At anode : 2NH4SO4- > (NH4)2S208 + 2 e 

At cathode ; 2H^+ 2 e -> H2 

(d) Hydrazine is oxidised to N2 and H2O. 

N2H4 + 2H2O2 -—> N2 + 4H2O 

(e) Tin hydride is formed. 

« Sna4 + LiAlH4-^ SnH4 + LiCl + AlQs 

(f) Sodium hydride reacts with diborane to form ^dium 
borohydride. 

2NaH + B2H6-> 2NaBH4 

(g) Nitrogen is rele^d with the formation of K2O. 

2KNO3 + lOK-> N2 + 6K2O 

(h) Beryllium hydride is formed. 

2BeCl2 + LiA]H4-> 2BeH2 + LiCl + AICI3 

(i) Na2B4O7 l0H2O ) Na 2 B 407 -> 

2NaB02 + B2O3 

Boron anhydride combines with cobalt oxide to form cobalt 
metaborate. 

(j) Sn dissolves in cone. HNO3 forming met^tonic acid. 

Sn + 4HNO3-^ H2Sn03 + 4NO2 + H2O 

Metastannic 

acid 

(k) Red lead, when treated with cone. HNO3, forms lead nitrate 
and brownish black insoluble Pb02. This indicates that red 
lead is a mixed oxide containing PbO and Pb02. 

Pb304 + 4HNO3-> 2Pb(N03)2 + Pb02 + 2H2O 

(l) CO2 reacts with ammonium hydroxide to form ammonium 
bicarbonate, which then reacts with NaCl to form sodium 
bicarbonate. This is Solvay’s process for manufacture of 
washing soda. 

NH4OH + CO2-> NH4HCO3 

NaCl + NH4HCO3 -> NaHCOa + NH4a 

(m) Lead dissolves in acetic acid in presence of oxygen in the form 
of lead acetate. 

Pb + 2CH3COOH + |02-> Pb(CH3COO)2 + H2O 

(n) Redox reaction occurs SnCl2 first reduces HgCl2 to Hg2Cl2 
and then into Hg. 

2HgCl2 + SnCl2-^ Hg2Cl2 + SnC^; 

Hg2Cl2 + SnCl2-^ 2Hg + SnC^ 

(o) Carbon monoxide is evolved when potassium ferrocyanide is 
heated with cone. H2SO4. 

K4Fe(CN)6 + 6H2SO4 + 6H2O->2K2S04 + FeS04 

= + 3 (NH 4 ) 2 S 04 + 6CO 

(p) H2SO4 evolves H2F2 from CaF2 which reacts with silica to 
form silicon tetrafluoride. 

CaF2 + H 2 S 04 -^C^ 04 vtH 2 F 2 ; 

/ / Si02+2H2F2 -^SiF4+"2H20 

(q) Copper phosphide is formed. 

3CuS04 + 2PH3 -> CU3P2 + 3H2SO4 
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(r) Iodine is oxidised to iodine pentoxide which combines with 
water to form iodic acid, 

I2 + IOHN63 -> 2ffl03 + IONO2 + 4H2O 

(s) This is a test of phosphate ion. A yellow canary precipitate 
of ammonium phosphomolybdate is formed, 

H3ro4 + 2IHNO3 + 12(NH4)3 Mo04 —^ . 

(NH4)3P04-12Mo03 + 21NH4-N03 4- I 2 H 2 O 

(t) This is a test of magnesium ion. A white precipitate magnesium 
ammonium phosphate is formed. 

MgS04 + Na2HP04 + NH4OH —MgNH4P04 

4 - Na 2 S 04 + 1 ^ 2 ^^ 

(u) Silver phosphide is formed. 

SAgNOa + PH3-> AgaP + 3HNO3 

(v) Ammonia is oxidised to nitrogen. 

2NH3 4- 3 NaaO-> N2 + 3 NaCl + SHaO 

or when a strong aqueous solution of ammonia is boiled with 
sodium hypochlorite in presence of glue, hydrazine is formed. 

2NH3 + NaClO-> NH2--NH2 + NaCl + H2O 

(w) Copper sulphate is reduced to cuprous hydride. 

4CUSO4 + 3H3PO2 4 - 6H2O-> 2CU2H2 4 - 3H3PO4 

^ + 4H2SO4 

(x) Mercuric chloride is reduced to mercurous chloride and finally 
to metallic mercury. 

2HgCl2 + H3PO2 + 2H2O-> 2 Hg + H3PO4 + 4 HC 1 

(y) Hydroxyl groups of H2SO4 are replaced by chlorine atoms 
to form sulphuryl chloride. 

S02(0H)2 + PCI5 -> 30202 + roci3 4- 2HC1 

Sulphuric acid Sulphuryl 

chloride 

(z) Hydrofluoric acid is evolved. 

Ca5{P04)3F + 7H3PO4 + 5H2O->5Ca(H2P04)2‘H20 4 - HF 

Q. 16 . What happens when: 

(i) Sulphur dioxide is bubbled through aqueous solution 
of copper sulphate in presence of potassium 
thiocyanate. 

(M) Hydrogen sulphide is bubbled through an aqueous 
solution of sulphur dioxide. 

(iii) Hydrogen sulphide is passed through acidified ferric 
chloride solution. 

(iv) Hydrogen sulphide is passed through sodium 
bisulphite solution. 

(v) Potassium chlorate is heated with cone. H2SO4. 

(vi) Arsine is passed through silver nitrate solution. 

(vii) Sodium chloride and manganese dioxide mixture is 
heated with cone. H2SO4. 

(viii) Silver bromide is treated with hypo solution. 

(ix) Cupric chloride is heated with copper turnings and 
cone. HCl. 

(x) Silver chloride is treated with aqueous NaCN and the 
product is treated with zinc in alkaline solution. 

(xi) Potassium ferrocyanide solution is added to a 
solution of ferric chloride. 

(xii) Metal chloride is heated with K2Cr207 and cone. 

H 2 ;^ 4 . 

(xiii) Sodium iodate is reacted with sodium bisulphite. 

(xiv) Copper sulphate is treated with potassium iodide 
followed by addition of hypo solution. 

(xv) A mixture of silver chloride and sodium carbonate is 
heated. 


(xvi) Potassium iodide is added to bleaching powder 
containmg dilute acetic acid. 

(xvii) Xenon hexafluoride is hydrolysed. 

(xviii) Potassium nitrite reacts with cobalt chloride in 
presence of acetic acid. 

(xix) Potassium iodide is added in excess to the solution 
of ferric sulphate. 

(xx) Copper is left in moist air, 

(xxi) Water reacts with AI4C3, 

(xxii) Water reacts with XeF4. 

(xxiii) Water reacts with NCI3. 

Ans. (i) A white precipitate of cuprous thiocyanate is formed. 

2CUSO4 + SO2 4- 2 KCNS 4 - 2H2O->2CuCNS 

4 - K2SO4 + 2H2SO4 

(ii) Sulphur is precipit^d. 

2H2S 4 - SO2-> 3 S 4 - 2H2O 

(iii) Reduction of FeCl3 occurs with precipitation of sulphur. 

H2S + 2FeCl3-> 2FeCl2 4- 2HC1 4* S 

(iv) Sulphur is precipitated, 

2NaHS03-> Na2S03 4- H2O + SO2 

SO2 + 2H2S-> 3 S 4 - 2H2O 

(v) CMorine dioxide is evolved with explosion. 

3KCIO3 4 - 3H2SO4 ^ 3KHSO4 + HCIO4 

+ 2CIO2 4 - H2O 

(vi) Black precipitate of silver is obtained. ASH3 acts as a 
reducing agent. 

ASH3 + 6AgN03 + 3H2O-> 6Ag 4- 6HNO3 + H3ASO3 

(vii) Chlorine gas is evolved, 

[NaCl + H2SO4-> NaHS04 4- HCl] x 2 

Mn02 + H2SO4-> MnS04 + H2O 4 - [O] 

2 HCl + [ 0 ]^->Cl2 + H 20 

2 Naa 4- Mn02 + 3H^SQ4-> 2NaHS04 + MnS04 

+ 2H2O + CI2 

(viii) Silver bromic dissolves in hypo solution forming sodium 
. m-gentothiosulphate. 

AgBr + 2Na2S203-> Na3[Ag(S203)2] + NaBr 

(ix) White precipitate of Cu2Ci2 (cuprous chloride) is formed. 

CUCI2 + Cu-> CU2CI2 

(x) AgCl dissolves in NaCN forming sodium argenocyamide 
complex..Zinc displaces sOver from this complex being more 
electropositive in nature. 

AgCl 4- 2 NaCN-> Na[Ag(CN)2] + NaCl 

2Na[Ag(CN)2] + Zn-> Na2Zn(CN)4 + 2Ag 

(xi) Dark blue coloured precipitate (prussian blue) of 
ferri-ferrocyanide is obtained. 

4 FeCl 3 + 3 K 4 Fe(CN )6 -> Fe4[Fe(CN)6]3 + 12 KC 1 

Ferri-ferrocyanide 

(xii) Reddish yellow vapours of chromyl chloride are evolved. 

K2Cr207 + 2H2SO4-> 2KHSO4 + 2Cr03 4- H2O 

[KCl + H2SO4 —> KHSO4 + HCl] X 4 

2CTQ3 + 4 HC 1 -» 2 CrQ 2 Cl 2 -h 2H2O 

K2Cr207 4 - 6H2SO4 4 - 4 KCI-^ 2Cr02Cl2 

+ 6KHSO4 + 3H2O 

(xiii) Iodine is formed. 

2Nal03 + 5NaHS03-> 3NaHS04 + 2Na2S04 

4- H2O 4- I2 

(xiv) Iodine is first evolved which reacts with hypo forming 
sodium tetrathionate and sodium iodide. White precipitate 
of cuprous iodide is formed. 
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C11SO4 + 2KI-> Cula + K2SO4 

2Cul2-> CU2I2 ”+■ I2 

I2 + 2Na2S203 -> Na2S406 + 2 NaI 

(xv) A mixture of silver chloride and sodium carbonate v^hen 
heated forms silver carbonate which decomposes to give 
silver metal. 

A 

2 Aga + Na2C03-> Ag2C03 + 2 NaCl 

^ 1 
•^12^03- > 2 Ag + CO2 + 2 O2 

(xvi) Iodine is liberated. 

CaOCla + 2CH3COOH-> (CH3COO)2Ca + H2O + CI2 

2KI+CI2->2KCl+l2 

(xvii) Xenon tdoxide (an explosive) is formed. 

XeFe + 3H2O-> Xe 03 + 6 HF 

(xviii) Yellow precipitate of potassium cobaltinitrite is formed. The 
following reactions occur. 

C0CI2 + 2KNO2-^ Co(N02)2 + 2 KC 1 

Co(N 02)2 + 4KNO2-^ K 4 Co(N 02)6 

Pot. cobaltinitrite 

KNO2 + CH3COOH-> CHsCOOK + HNO2 

2HNO2 -> 2NO + H2O + [O] 

2 K 4 Co(N 02)6 + H2O + [O]-> 2 K 3 Co(N 02)6 + 2 KOH 

Pot. cobaltinitrite 

(xix) Ferric sulphate is reduced to ferrous sulphate with liberation 
of iodine. 

Fe2(S04)3 + 2KI-> 2FeS04 + K2SO4 + I2 

(xx) Copper in presence of moisture, oxygen and CO2 of the 
atmosphere is reacted on the surface and a green layer of 
basic carbonate is deposited on its surface. 

2 Cu + CO2 + H2O + O2-> Cu( 0 H )2 CuC03 

(xxi) AI4C3 + I2H2O-> 4 A 1 ( 0 H )3 + 3CH4 

This is the method of preparation of methane. 

(xxii) Xenon trioxide (an explosive substance) is formed. 

3XeF4 + 6H2O-> 2 Xe + XeOj + foa + 12 HF 

(xxiii) Ammonia and hypochlorous acid are formed. 

NCI3 + 3H2O-^ NH3 + 3HOC1 

CONVERSION OF COMPOUNDS 

Q. 1 . How will you bring about the following conversions? 

(i) Sodium bicarbonate from sodium chloride. 

(ii) Hypo from sodium sulphate. 

(iii) Caustic soda from sodium carbonate. 

(iv) Sodium bicarbonate from sodium carbonate. 

(v) Sodium thiosulphate from sodium sulphite. 

(vi) Hydrobromic acid from potassium bromide. 

(vii) Chlorine from potassium chlorate. 

(viii) Ammonia from nitre. 

^) Nitric oxide from nitre, 

Xx) Oxygen from nitre. 

Ans» (i) This conversi on is jpade in Solvay’s process. Brine is first 
of all satura^ by ammonia. By passing CO2 gas through 
ammonia-saturated brine, we get sodium bicarbonate. 

NH3 + H2O -h CO2-> NH4HCO3 

NH4HCO3 + NaCl-> NaHC03 + NH4CI 

Note : On heating sodium bicaibonate, sodium carbonate 
is obtained. 

2NaHC03-^ NaaCOs + H2O + COjt 


(h) On heating sodium sulphate with coke, we get sodium 
sulphide. 

Na2S04 + 4 C-> Na2S + 4 COT 

When SO2 gas is passed through the mixture of Na2S and 
Na2C03, we get hypo. 

2Na2S + Na 2 C 03 + 4 SO 2 -> 3Na2S203 + C02t 

Sodium thiosulphate 

(iii) By mixing Na2C03 with lime water, we get caustic soda 
along with white residue of GaC03. 

Na2C03 + Ca(OH)2-> 2 NaOH + CaCOg 

(Caustic soda) 

(iv) By passing CO2 gas through Na2C03 in aqueous medium, 
we get sodium bicarbonate. 

Na2C03 + H2O + CO2-> 2NaHC03 

(v) On boiling stxiium sulphite with sulphur flower, we get 
sodium thiosulphate. 

NaaSOa + S-> Na 2 S 203 

(vi) On heating KBr with orthophosphoric acid, we get 
hydrobromic acid. 

3 KBr + H3PO4-> 3 HBr + K3PO4 

(vii) By heating solution of potassium chlorate with I2 and CI2 
is liberated. 

2Ka03 +J2-» 2KIO3 + CI2 

Note : It is the only reaction in which CI2 is displaced by 
iodine. 

(viii) On heating nitre with Zn in presence of aqueous NaOH, 
reduction of nitre to ammonia takes place. 

Zn + 2 NaOH-^ Na2Zn02 + 2 [H] 

KNO3 + 8[H]-> KOH + 2H2O + NH3 

(ix) Conversion of nitre into nitric oxide involves the following 
steps: 

[KNO3 -f H2SO4-> KHSO4 + HNO3] X 2 

2HNO3 -^ H2O + 2 NO + 3 [ 0 ] 

[2FeS04 + H2SO4 + [O]-> Fe2(S04)3 + H2O] x 3 

2KNO3 + 6FeS04 + 5H2SO4 -> 2KHSO4 + 3Fe2(S04)3 

+ 4H2O + 2 NO 

(x) Thermal decomposition of nitre gives oxygen. 

2KNO3-2KNO2 + O2 

Q. 2 . How will you obtain: 

(i) Silver from silver coin. 

(ii) Silver oxide from silver nitrate. 

(iii) Silver from silver sulphide. 

(iv) Silver chloride from silver. 

(v) Copper from copper sulphate. 

(vi) Cupric chloride from cuprous carbonate. 

(vii) Cuprous chloride from cupric chloride. 

(viii) Cuprous chloride from copper sulphate. 

Qk) Cuprous oxide from copj^r sulphate. 

Ans. (i) When silver coin is dissolved in HNO3, both Ag and Cu 
form their nitrates. 

3 Ag + 4HNO3-> SAgNOs + 2H2O + NOt 

3 Cu + 8HNO3-> 3 Cu(N03)2 + 4H2O + 2 N 0 T 

On adding HQ to the solution, white precipitate of AgCl 
is formed. 

AgNOj + HCl -> AgOi + HNO3 

(White ppt.) 

AgCl is reduced to metallic silver by zinc dust and HCL 

AgCl + [H] Ag + HQ 

(ii) Silver nitrate when dissolved in aqueous NaOH gives 
precipitate of Ag20. 
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2AgN03 + 2 NaOH-> 2NaN03 + AgaO + H^O 

(iii) We can obtain silver from Ag2S by cyanide process. 

Ag2S + 4 NaCN-> 2Na[Ag(CN)2] + NaaS 

2Na[Ag(CN)2] + Zn-> Na2[Zn(CN)4] + 2 Ag 

(iv) Ag dissolves in HNO3 to give AgN03. On adding HCl to 
AgNOs, we get white precipitate of AgCL 

3 Ag + 4HNO3-> 3AgN03 + NO + 2H2O 

AgNOs + HCl —^ AgCl + HNO3 

(White ppt.) 

(v) By adding iron turnings to aqueous elution of CUSO4, 
we get a deposition of copper metal. 

CUSO4 + Fe-^ Cu + FeS04 

(vi) On adding diL HCl to copper carbonate, we get cupric 
chloride. 

CUCO3 -1- 2 HC 1 -^ CUCI2 + H2O + CO2 

(vii) SO2 + 2H2O-> H2SO4 + 2 [H] 

2 CuCl 2 + 2 [H]-> CU2CI2 + 2 Ha 

(viii) By passing SO2 gas through the solution of CUSO4 and 
NaCl in equimolar mixture, we get white precipitate of 
cuprous chloride. 

SO2 + 2H2O-> H2SO4 + 2 [H] 

2CUSO4 + 2 NaCl + 2 [H]-^ CU2CI2 2NaHS04 

(White ppt.) 

(ix) When aqueous solution of CUSO4 is heated with NaOH 
and glucose, we get brown precipitate of cuprous oxide. 

CUSO4 -f 2NaOH-> Cu(OH) 2 + Na2S04 

2 Cu(OH )2 -> CU2O + 2H2O + [O] 

QH12O6 + [O]-> C6H12O7 

Gluconic acid 

Q. 3 . Bring out the following interconversions: 

(a) Carbon monoxide into carbon. 

(b) Carbon dioxide to carbon. 

(c) Carbon monoxide from water gas. 

(d) lead to litharge. 

(e) Lead to red lead. 

(f) Litharge to red lead. 

Ans. (a) By passing CO through red hot CuO, it is converted to carbon 
dioxide. 

CuO + CO-> Cu -I- CO2 

When burning magnesium ribbon is placed in a gas jar of CO2, 
we get carbon. 

2 Mg + CO2-> 2 MgO + C 

(b) See above part. 

(c) By passing water gas over nickel, CO combines to nickel 
carbonyl. 

Ni + 4 [CO + H2]-> Ni(CO )4 + 4H2T 

Decomposition of nickel carbonyl gives CO(g). 

Ni(CO)4 Ni + 4 COT 

(d) By heating red lead at 470 ''C, we get litharge. 

470 °C , 

2 Pb 304 -> 6PbO + O2 

Red lead Litharge 

(e) By heating metallic lead in air, oxidation takes place to give 
red lead. 

2 Pb + O2-> 2 PbO 

6PbO + O2— 2 Pb 304 

Red lead 

(f) Litharge on heating in air at a high temperature ( 340 ^^ 0 ) gives 
red lead. 


Q. 4 . How will you obtain : 

(a) Microcosmic salt from discRiium hydrogen phosphate. 

(b) ScKiium metaphosphate feom microcosmic salt. 

(c) Barium nitrate from barium sulphate. 

(d) Barium chloride from barium nitrate. 

(e) Barium chloride from barium sulphate. 

(f) Bleaching pKJwder from lime. 

(g) Quicldiine from calcium chloride. 

(h) Zinc nitrate from zinc chloride. 

(i) Anhydrous magnesium chloride from magnesium 
sulphate. 

(j) Tmc sulphide from zinc chloride. 

(k) Calomel from mercury. 

d) Corrosive subMmate from calomel. 

(m) Mercury from calomel. 

(n) Calomel from corrosive sublimate. 

Ans. (a) Equal amounts of ammonium chloride and disodium hydrogen 
phosphate are dissolved in hot water. On crystallisation, 
crystals of microcosmic salt are obtained. 

Na2HP04 -f NH4CI-> NaNH4HP04 + NaCl 

I 4H2O 

NaNH 4 HP 044 H 20 
Microcosmic salt 

(b) On heating microcosmic salt, sodium metaphosphate is 
formed. 

NaNH4HP04 4H20^-> NaP03 + NH3 + 5H2O 

(c) Barium sulphate is heated with carbon to get bmum sulphide. 
This is dissolved in dilute HNO3 and the solution is put to 
crystallisation. 

BaS04 + 4 C-> BaS + 4 CO 

BaS + 2HNO3- > Ba(N03)2 + H2S 

(d) Barium carbonate is first precipitated by adding ammonium 
carbonate solution to barium nitrMe solution. The pmcipitate 
is then dissolved in dilute HCl and solution is crystallised to 
get crystals of barium chloride, 

B^03)2 ”1 (NH4)2C03-> BaCOs -h 2NH4NO3 

BaCOa + 2 HC 1 -> BaCl2 + H2O + CO2 

(e) BaS04 + 4 C-> BaS + 4 CO 

BaS is dissolved in dilute HCl and the solution is 
crystallised to get BaCl2 crystals. 

(f) Lime is treated with water to get Ca(OH)2. On passing CI2 
over dry Ca(OH)2, bleaching powder is formed. 

CaO + H2O-> Ca(OH)2 

Ga(OH)2 + CI2-> CaOCl2 + H2O 

(g) Calcium chloride is dtesolved in water. Ammonium carbonate 
is added to precipitate calcium carbonate. The precipitate on 
strong heating gives quicklime. 

CaCl2 + {NH4)2C03-> CaCOa + 2NH4CI 

A 

CaCOs -> CaO + CO2 

(h) Zinc chloride solution is treated with sodium bicarbonate 
solution when zinc carbonate gets precipitated. The preci^ 
pitate is dissolved in dilute HNO3 and the solution is 
crystallised to get crystals of zinc nitrate, 

I11CI2 -l 2NaHC03-^ ZnCOa + 2 NaCl + H2O -i CO2 

ZnCOa + 2HNO3-> Zn(N03)2 + H2O + CO2 

(i) Magnesium sulphate solution is treated with sodium bicarbo¬ 
nate solution when magnesium carbonate gets precipitated. 
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MgS04 + 2NaHC03-> MgCOs + Na2S04 

+ H2O +CO2 

The precipitate is dissolved in small quantity of dilute HCL 
The solution is concentrated and treated with cone. NH4CI 
solution. On evaporation, a double salt MgCl2'NH4Cl*6H20 
is formed. The crystals on heating give anhydrous MgCl2. 

MgCOs + 2 HC 1 -> MgCla + H2O + CO2 

MgCl2 + NH4CI + 6H2O-> MgCl2'NH4Cl*6H20 

Mga2'NH4Cl*6H20 -^ MgCl2 + NH3 + HCl + 6H2O 

(j) ZnCl2 is dissolved in water. NH4Q and NH4OH are added 
to solution and H2S gas is passed. ZnS gets precipitated which 
is Mtered. 

ZnCl2 + 2NH4OH + H2S-> ZnS + 2NH4CI + 2H2O 

(k) Mercury is dissolved in cone. H2SO4 and the solution is 
evaporated to get solid HgS04. The solid is grinded with NaCl 
and Hg and the mixture is heated. Mercurous chloride sublimes 
and collected. 

Hg + 2H2SO4-> HgS04 + SO2 + 2H2O 

HgS04 + 2NaCl + Hg-^ Hg2Cl2 + Na2S04 

(l) Calomel is dissolved in aqua-regia and the solution is put to 
crystallisation when crystals of corrosive sublimate are 
obtained, 

HNO3 -h 3HC1-^ NOCl + 2a + 2H2O 

Hg2a2 + 20 —^ 2Hga2 

(m) Hg2a2 solution is reduced by stannous chloride solution into 
mercury. 

Hg2Cl2 -i- Sna2-> 2Hg + SnOj 

(n) Calomel is obtained by passing sulphur dioxide through the 
solution of mercuric chloride. 

2HgCl2 4- 2H2O + SO2-^ Hg2Cl2 + H2SO4 + 2HC1 

Q. 5 . Show by balanced equations how would you obtain from 
HNO3: 

(a) NO, (b) NO2. (c) N2O, (d) N2. 

Ans. (a) S + 2HN03(conc.) -» H2SO4 + 2NOt 

(b) C + 4HN03(conc.) -> C02t + 4N02t + 2H2O 

(c) 4Cu + 10HNO3(dil.) -> 4 Cu(N03)2 + 5H2O + N2OT 

(d) 5Cu(red hot) + 2HN03(conc.)->5CuO + N2T + HjO 

Q. 6 . Give the chemical equations for synthesis of the following 

compounds using corresponding elemental halogen: 

(a) BrjO, (b)Br03, (c) OF2, (d) KBrOj, (e)C102, 

(f) 020, (g) I2O5, (h)Ha04. 

Ans. (a) 2Br2 + HgO- > Br20 + HgBr2 

(b) ierj + Os-^ Br03 

(c) 2F2 + 2NaOH-> 2NaF + OF2 + H2O 

(d) SBrz + 6K0H-> 5KBr + KBr03 + SHzO 

(e) 3Cl2 + 6NaOH-> SNaQ + NaC103 + 3H2O 

COOH 

21F + 2C10i + I -> 20102 + 2CO2 + 2H2O 

COOH 

(f) 202 + HgO-> 020 + Hg02 

(g) I2 + IOHNO3-> 2HIO3 + IONO2 + 4H2O 

2HIO3-> H2O + I2O5 

(h) 302 + 6NaOH-> 5NaO + NaO03 + 3H2O 

A 

4NaO03-> NaCl + 3NaC104 

NaC104 + H2SO4-> NaHS04 + HCIO4 

Q. 7 . How would you obtain pure copper oxide from brass? 


Ans. Brass (containing Cu and Zn )—i 

Cone. HNO3 

[Cu(N 03)2 + Zn(N03)2] 

Blue coloured precipitate <— ■ —S -l 
of Cu( 0 H )2 


A 



CuO (Cupric oxide) 

Q. 8. Identify ‘A’ to ‘G’ in the foUowing road map diagram. Explain 
the reactions involved. 



Ans. (A) : MgS04, (B) : Hir (Q : Mg( 0 H) 2 , (D) : Na2S04, 

(E) : MgO, (F) : water, (G) : MgCl2. 

Mg + H2SO4 -> MgS04 + H2T 

[AJ [B] 

MgS04 + 2 NaOH —4 Mg(0H)2 4 Na2S04 
lA] [Cl [D] 

Mg( 0 H )2 MgO 

m 

MgO + 2 HC 1 -> MgCl2 + H2O 

[G] m 

Q. 9 . Properties of borax are represented by the following road 
map. Mentify the compounds A' to ‘D* and explain the 
reactions involved. 



Ans. (A) : BN, (B) : B2O3, (Q : H3BO3, (P) : NaB02. 

Reactions involved are: 

Na2B407 4 4NH4CI-> 4BN 4 2NaCl + 7H2O + 2Ha 

[A] 

BN + 3H2O-> H3BO3 4 NH3 

iQ 
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Na 2 B 407 + 2 HC 1 + SHaO 
Na2B407 + 4 NaOH 
2H3BO3 - 


4H3BO3 + 2 Naa 

[q 

-^SNaBOa + 2H2O 

m 

^ B2O3 + 3H2O 

m 

A 

B2O3 + 6Na- > 2 B + SNaaO 


Q. 10 . Complete the following road map : 

Conc.H2S04 


H2C2O4 


Heat 


MA)+(B)+ (C) 

Gas Gas Liquid 


Gas (A) bums with blue flame and converts^ nickel into a 
gas. 

Gas (B) turns lime water milky. Liquid (Q produces blue 
colour when comes in contact with anhydrous copper 
sulphate. 

(A)+ 02 -^ (D) (E) 

T 


(B) 


NH3 

Heat 


Ans. (A):CO, (B):C02, (Z)):C0Cl2, 

(E): NH2CONH2. 

Q,ll* Identify the missing chemicals 'A' to 7 \ 



Ans, (A) : O2, (B) : NO2, (C) : HNO3, (D) : NH4CI, (£) : NH3, 


(F) : NH4NO3, (G) : NH4OH, (H) : AgCl, (!) : Fe(0H)3, 
Q. 12 , How will you obtain : 

(a) Anhydrous aluminium chloride iBrom alumina. 

(b) Aluminium sulphate from common alum. 

(c) Ammonium sulphate from ammonium chloride. 

(d) Phosphorus from bone ash. 

(e) Orthophosphoric acid (pyrophosphoric acid/metaphos- 
phoric add) from phosphorus. 

(f) Sulphur from H2S or SO2. 

(g) HBr from bromine. 

(h) Ferric sulphate from ferrous sulphate. 

(i) Ferric chloride from ferrous sulphate. 

(j) Ferrous sulphate from Mohr’s salt. 

Ans. (a) By heating a mixture of alumina and carbon in an atm<»phere 
of chlorine, anhydrous aluminium chloricte is obtained. 
AI2O3 + 3 C + 3CI2-> 2AICI3 + SCO 


Vapours 


(b) NH4OH is added to alum solution when aluminium hydroxide 
gets precipitated. The precipitate is dissolved in dilute H2SO4. 
The solution on ciystaUisation gives crystals of aluminium 
sulphate. 

K2S04‘Al2(S04)3-24H20 + 6NH4OH-> ^2804 

+ 2A1(0H)3 + 3(NH4)2S04 + 34 H 2 O 

ppt. 

2 A 1 ( 0 H )3 + 3H2SO4-> Al 2 (S 04)3 + 6H2O 

(c) Ammonium chloride is treated with NaOH. NH3 is evolved 
which is absorbed in dilute H2SO4. The solution on 
evaporation gives crystals of ammonium sulphate. 

(d) Bone ash on heating with coke and sand in an electric furnace 
at 1500 ®C gives vapours of phosphorus which are condensed 
in water. 

Ca 3 (P 04)2 + 3 Si 02 + 5 C-> 3 CaSi 03 + 2 P + SCO 

(e) Phosphorus on heating with cone. HNO3 forms 
orthophosphoric acid. Orthophosphoric Bcid when heated at 
specific temperature forms other oxy acids. 

P + 5HNO3-^ H3PO4 + 5 N 02 + H2O 

250° C 

Hro3 < H4P2O7 

Metaphosphoric Pyrophosphoric 

acid acid 

(f) H2S by oxidation gives sulphur. 

H2S + Cl2^-^ 2 HC 1 4 - S 

H2S + 2HNO3-^ 2NO2 4- 2H2O + S 

On burning magnesium in SO2, S is obtained. 

2 Mg + SO2-> 2 MgO 4 * S 

MgCl2 (soluble) 

2H2S + SO2-> 2 H 20 -h 3 S 

(g) Bromine combines with red phosphorus kept in water. 

2 P + 3 Br 2 -> 2 PBr 3 

Phosphorus bromide immediately undergoes hydrolysis giving 
HBr. 

PBrs + 3H2O-^ H3PO3 + 3 HBr 

(h) Ferrous sulphate is heated with concentrated sulphuric acid. 
The solution on concentmtion gives feme sulphate crystals. 

H2SO4->H20 + S02+[0] 

2 FeS 04 + H2SO4 4 - [O]-> Fe 2 (S 04)3 + H2O 

2FeS04 + 2 H 2 SO 4 -> Fe2(S04)3 + SO 2 + 2 H 2 O 

(i) Ferrous sulphate is first a)nverted into ferric sulphate. 
Ammonium hydroxide is added to ferric sulphate solution 
when a brown precipitate of ferric hydroxide is obtained. 
The precipitate is dissolved in dilute HCl and the solution on 
crystallisation gives ferric chloride crystals. 

Fe 2 (S 04)3 4 * 6 NH 4 OH -> 2 Fe(OH )3 + 3 (NH 4 ) 2 S 04 

Fe(0H)3 + 3HC1 -> FeCL + 3 H 2 O 

(j) Mohr’s salt solution is treated with NaOH solution. A 
precipitate of ferrous hydroxide is formed. The precipitate is 
dissolved in dilute H2SO4 and the solution is put to 
crystallisation when crystals of ferrous sulphate are obtained. 

FeS04*(NH4)2SO4-6H2O 4- 2 NaOH -^ Ve(OH.)2 

ppt. 

+ Na2S04 4- (NH4)2S04 + 6H2O 
FeS04 + 2H2O 


Cooled 


4 Solid 


Fe(0H)2 + H2SO4 
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Q, 13 . Identify the following: 

NaaCOs . A B C D 


Ans. Na2C03 + 2SO2 + H2O - 

2NaHS03 + Na2C03 
Na 2 S 03 + S - 
2Na2S203 + I2 - 
Q, 14 . Identify the following: 


[IIT 2003 ] 

2NaHS03 + CO2 

(A) 

2 Na2SQ3 + H2O + CO2 

(B) 

Na‘2S203 (Hypo) 

(Q 

Na2S40g "f 2NaI 

m 


_Cu powder U O Polymerisation 

S1 + CH3CI .5^f.> (A) (B) -> Silicon 


Excess of coke 
Electric arc ^ 


AiiS. Si + 2CH3a ^ (CH3)2SiCl2 


570 K 

(CH 3 ) 2 Sia 2 + H2O- 


(A) 


Polymeri™ 


-4 (CH3)2Si(OH)2—5^2n_^ Silicon 
(B) 

Dimethyl silandiol 


^ Bums 

Si + 02^-^ S1O2 

(Q 


Si02 + 3C 


Arc 


» SiC + 2CO 

iD) 


Carborandum 

Q. 15 . On the basis of following reactions, identify (A), (B), (Q 
and (D) and write down their chemical formulae. 

(i) (A)+Zn gg^ (B)gas 

(ii) (A) + (O PH3 


Heat 


» (D) gas 


(iii) (A) + NH4C1 
Ans» (i) (A) is sodium hydroxide. 

2NaOH + Zn - 

(ii) (C) is phosphorus. 

3NaOH + 4P + 3H2O ^ 

(iii) (£>) is ammonia gas. 

NH4CI + NaOH - 

QA6. Explain the following reactions: 

Dissolves 


Na 2 Zn 02 4 * H2 
(B) 

3NaH2P02 + PH3 


NH3 + NaCl + H2O 

(D) 


(a) Metal (M) 


in dil. H2SO4 


^ Pale green soln. > 


alkali 


HCI 


Whitish precipitate quickly turning brown 

dissolves giving yeUow soln. 

(b) Black substance . > dark mass ..> 

^ ^ air with Na2C03 with water 

green soln. > pink soln. 

^ Water ^ 


Ans. (a) Metal (M) is iron. Fe + H2SO4->FeS04, 

I%S04 + NaOH->Fe(OH)2->Fe(OH)3^^ FeClj 

Yellow soln. 

(b) Mn02 + Na 2 C 03 + O 2 Na 2 Mn 04 NaMn 04 

Black Green soln. Pink soln. 

substance 


TYPE 2 : Matching of Columns 

Set 1 


(A) (X) 

(i) Green vitriol 

(ii) Blue vitriol 

(iii) White vitriol 

(iv) Glauber’s salt 

(v) Oil of vitriol 

(vi) Mohr’s salt 

(vii) Sindri fertilizer 
(viii) Gypsum 

Cix) Epsom salt 
(x) Barytes 

(B) 

(i) Lepidolite 

(ii) Beryl 

(iii) Colemanite 

(iv) Cryolite 

(v) Cinnabar 

(vi) CamaUite 

(vii) Calamine 
(viii) Malachite 

(k) Galena 
(x) Cassiterite 

(Q 

(i) Washing soda 

(ii) Baking so<M 
(m) Litharge 

(iv) Red lead 

(v) Lunar caustic 

(vi) Oxone 

(vii) Philosopher’s wool 
(viii) Spinel 

0 x) Calomel 
(x) Corrosive sublimate 
(D) 

(i) Bosch’s process 

(ii) Castner-Kellner cell 

(iii) Solvay’s process 

(iv) Deacon’s process 

(v) Parke’s process 
(\d) Contact prixess 
(vii) Retort, process 
(viii) Dennis method 

(k) Carter’s process 
(x) Open-hearth’s 
process 


m 

(a) Ferrous sulphate 

(b) Ammonium sulphate 

(c) Sulphuric acid 

(d) Barium sulphate 

(e) Zinc sulphate 

(f) Calcium sulphate 

(g) Magnesium sulphate 

(h) Sodium sulphate 

(i) Ferrous ammonium sulphate 
(3) Copper sulphate 

(a) NasAIFg 

(b) ZnCOa 

(c) PbS 

(d) CuC03 Cu(0H)2 

(e) 3 Be 0 Al203-6Si02 

(f) Sn 02 

(g) Ca 2 B 50 ii* 5 H 2 p 

(h) HgS 

(i) (Li,Na,K)2Al2(Si03)3(F,0H)2 

(j) KaMga 2 - 6 H 20 

(a) AgNOs 

(b) MgAi204 

(c) Na2C^ 

(d) TnO 

(e) PbO 

if) Na2C03 IOH2O 

(g) NaHC03 

(h) Pb304 

(i) Hg2a2 

(j) H^2 

(a) Isolation of fluorine 

(b) Manufacture of silver 

(c) Manufacture of sulphuric^cid 

(d) Matffacture of white lead 

(e) Manufacture of phosphorus 

(f) Manufacture of chlorine 
^•(g) Manufacture of hydrogen 

(h) Manufacture of wrought iron 

(i) Manufacture of caustic soda 

(j) Manufacture of sodium 

bicarbonate 
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Set 2 



(A) CX) 

(Y) 

(Z) 

(i) Constantan 

(a) Cu, Al 

( 1 ) Measuring tapes 

(ii) Brass 

(b) Fe,Cr,Ni 

(m) Domestic utensils 

(iii) Rolled gold 

(c) Pb, Sn, Sb 

> (n) Common articles 

(iv) Invar 

(d) Cu,Ni 

(0) Soldering 

(v) Stainless steel 

(e) Pb, Sn 

(p) Airships 

(vi) Solder 

(f) Al, Mg 

(q) Printing types 

(vii) Type metal 

(g) Fe,Ni 

(r) Artificial jewellery 

(viii) Magnalium 

(h) Cu, Zn 

(s) Electrical resistances 

(B) 



(i) Water gas 

(a) N2O 

( 1 ) Fuel gas 

(ii) Producer gas 

(b) NH2NH2 

(m) Basic flux 

(iii) Laughing gas 

(c) A dilute 

(n) Manufacture of 


solution 

hydrogen 


0 fH202 


(iv) Hydrazine 

(d) CaO 

(0) Fertilizer 

(v) Perhydrol 

(e) CaCN2 + C (p) Antiseptic and 



germicide 

(vi) Quicklime 

.(f) C0+N2 

(q) Rocket fuel with 



H2O2 

(vii) Nitroiim 

(g) SiC 

(r) Abrasive 

(viii) Carborundum 

(h) CO + H2 

(s) Anaesthetic in nature 

Set 3 



(A) Match the following : 


Column I 


Column n 

(i) Sb^"^-^CSbO)"" 

(a) Acidification 

(ii) (CrOn -> 

{Cx 20 f) 

(b) Heat 

(iii) (MnOl”) - 

> (Mn04) 

(c) Hydrolysis 

(iv) (B40h -> 

[B( 0 H) 3 ] 

(d) Oxidation 

(B) Match the extraction process hsted in colunm I with metals 

listed in column II: 


Column I 


Column n 

(i) Electrolytic reduction 

(a) Lead 

(ii) Self reduction 


(b) Aluminium 

(iii) Leaching 


(c) Silver 

(iv) Carbon reduction 

(d) Magnesium 

(Q Match the colour listed in column I with compounds listed 

in column II: 



Column I 


Column n 

(i) Yellow 


(a) KMn04 

(ii) Colourless 


(b) Pbl2 

(iii) Purple 


(c) ChiS04 

(iv) Black 


(d) K2Cr04 



(e) PbS 

(D) Match the following : 


Column I 


Column n 

(i) Copper 


(a) Brass 

(ii) Zinc 


(b) Bronze 

(iii) Tin 


(c) Invar 

(iv) Nickel 


(d) German silver 


GR.B. Inorganic Chemistry for Competitions 

(E) Match the following : 

Column I Column n 

(i) Ammonium nitrate (a) Fertilizer 

(ii) Superphosphate of hme (b) Purgative 

(iii) Mercurous chloride (c) Explosive 

(iv) Sodium thiosulphate (d) Photography 

(v) Silver bromide (e) Antichlor 

(F) Match the extraction processes hsted in column I with metals 

hsted in colunm II: [I.I.T. 2006 ] 

Column I Column n 

(a) Self reduction (p) Lead 

(b) Carbon reduction . (q) Silver 

(c) Complex formation and (r) Copper 

displacement by metal 

(d) Decomposition of iodide (s) Boron 

(G) Match the following: . [I.I.T. 2006 ] 

Column I Column n 

(a) -> (BiOf (p) Heat 

(b) [A102]'"-> A1(0H)3 (q) Hydrolysis 

(c) SiO^- > Si20^ (r) Acidification 

(d) (3407)^"- > [B(0H)3] (s) Dilution by water 

(H) Match the reactions in column I with nature of reaction/type 

of the products in column It. [I.I.T. 2007 ] 

Column I Column II 

(a) O2 -> O2 + O2” (p) Redox reaction 

(b) Cr04 + iC-> (q) One of the products has 

trigonal planar structure 

(c) Mn04 + NO2 + iC-> (r) Dimeric bridged 

tetrahedral metal ion 

(d) NO3 + H2SO4 + Fe^"^-> (s) Disproportionation 


ANSWERS 

Matching of Columns 

Set 1 

(A) (i—a) (ii—j) (iii—e) (iv—^h) (v—c) (vi—^i) (vii—^b) (viii— f) 
(ix—g) (x—d) 

(B) (i—i) (ii—e) (ijj—g) (iv—a) (v—^h) (vi—j) (vii—^b) (viii—d) 
(ix—c) (x—f) 

(C) (i— f) (ii—g) (iii—e) (iv—^h) (v—a) (vi—c) (vii—d) (viii—^b) 
(ix—i) (x—j) 

(D) (i—g) (ii—i) (iii—j) (iv—f) (v—b) (vi—c) (vii—e) (viii—a) 
(ix—d) (x—^h) 

Set 2 

(A) (i—d—s) (ii—h—^m) (iii—a—r) (iv—^g— 1 ) (v—^b—^n) 

(vi—e—o) (vii—c—q) (viii—f—^p) 

(B) (i——n) (u—f—I) (iii—a—s) (iv—^b—q) (v—c—^p) 

(vi—d—^m) (vii—e—o) (viii—g—^r) 

Set 3 

(A) (i—c) (ii—^a) (iii—d) (iv—a, c) 

(B) (i—^b, d) (ii—a) (iii —^b, c) (iv—a) 
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(C) (i-b, d) 

(ii—€) 

(iii—a) 

(iv—e) 

(D) (i—a. b. d) 

(ii—a, d) 

(iii—d) 

(iv—c, d) 

(E) (i—a, c) 

(ii—a) 

(iii—b) 

(iv—d, e) (v—d) 

(F) (a—p, r) 

(b—p, r) 

(c—q) 

(d-s) 

(G) (a-q) 

(l^r) 

(c—P) 

(d-r, q) 

(H) (a—p, s) 

(t-r) 

(c-"P, q) 

(d~p) 


TYPE 3 : Multiple Choice—A 

In each of the following only one answer is correct. Select the 


correct one. 

Set 1 \ 

L Nitrogen dioxide cannot be obtained by heating: 

(a) KNO3 □ (b) Pb(N03)2 □ 

(c) Cu(N03)2 □ (d) AgNOa □ 

2 The catalyst used in the manufacture of sulphuric acid by 
contact process is: 

(a) ^^203 □ (b) Cr203 □ 

(c)V 205 □ (d)Mn02 □ 

3 . The element with highest first ionisation potential is: 

(a) boron □ (b) carbon □ 

(c) nitrogen □ (d) oxygen □ 

4 . Among the following the molecule, that is linear, is: 

(a) CO2 □ (b) NO2 □ 

(c) SO2 □ (d) 002 C 3 

5 . Which of the following will not produce a precipitate with 
dilute silver nitrate solution? 

(a) COi“ □ (b) CrO|" □ 

(c) r □ (d) F“ □ 

6. The compound that is not a Lewis acid is: 

(a) BF3 □ (b) Baa2 □ 

(c) AlQa □ (d) SnCU □ 

7 . An alloy, which does not contain copper, is: 

(a) bronze □ (b) solder □ 

(c) brass □ (d) bell metal □ 

8. The metal, which does not form amphoteric oxide, is: 

(a) Zn □ (b) Sn □ 

(c) A 1 □ (d) Cu □ 

9 . In which complex ion is the metal in zero oxidation state? 

(a) [Cr(H20)6]^ □ (b) \CuCkf- □ 

(c) mmet □ (d) [NKCN)4]^ □ 

10 The oxide that gives hydrogen peroxide on treatment with 
dilute acid is: 

(a) Pb02 □ (b) Na202 □ 

(c) Mn02 □ (d) Ti02 □ 

11 . Which one of the following is the strongest base? 

(a) AsHs □ (b) NH3 □ 

(c) ffl3 □ (d) SbHs □ 

12 . Which one of the following is the strongest acid? 

(a) a03(0H) □ (b) a02(OH) □ 

(c) S0(0H)2 □ (d) S02(0H)2 □ 

13 . The stable compounds in + 1 oxidation state are formed by: 

(a) B □ (b) A 1 □ 

(c) T 1 □ (d) Ga □ 


14 . Which does not give oxygen on heating? 

(a) KMn04 □ (b) (NH4)2Cr207 □ 

(c) mOa □ (d) HgO □ 

15 . An interhalogen compound is: 

(a) IJ □ (b) (CN)2 □ 

(c) BrFa □ (d) N3H □ 

16 . Which is soluble in anunonia? 

(a) Cu(OH) 2 □ (b) Ci<OH)3 □ 

(c)Fe(OH)3 □ (d)Al{OH)3 □ 

17 . A magnetic moment of 1,41 B.M. willbeshownby meamong' 
the following compounds: 

(a) [Cu(jNH3)4f"‘ □ (b) [Ni(CN)4f” □ 

(c) Tia4 □ (d) [CoCle]'^ □ 

[Hint: The magnetic moment =yn(n + l) = 1 . 41 , i.e., n = L In 
complex [Cu(NH3)4]^“^, Cu^"^ ion has one unpaired orbital.] 

18 . XeF^ on complete hydrolysis gives: 

(a) XeOs □ (b) XeOF4 □ 

(c) Xe02 ^ □ (d) Xe □ 

19 . Which of the following is not a double salt but a complex 
salt? 

(a) Ka Mga2-6H20 □ (b) FeS04CNH4^S04-6H20n 

(c) K2S04-Al2(S04)3*24H20 □ 

(d) 4KCN-Fe(CN)2 □ 

20 . Which one of the following compounds has the smallest 
bond angle in its molecule? 

(a) SO2 □ (b) OH2 □ 

(c) SH2 □ (d) NH3 □ 

21 . The pair of species having identical shapes for molecules of 
both species is: 

(a) CF4.SF4 □ (b)XeF2,C02 □ 

(c)BF3,Pa3 □ (d)PF5,IF5 □ 

22 . A red solid is insoluble in water. However, it becomes solu¬ 
ble if some KI is added to water. Heating the red solid in a 
test tube results in the liberation of some coloured violet 
fumes and droplets of a metal ^pear on the cooler parts of 


the test tube. The red solid is: 

(a) (NH4)2Cr207 □ (b) HgO □ 

(c) Hgl2 □ (d) Pb304 □ 

23 . Borax can be converted to boron by the following steps: 

©Qrax —^ H3BO3 .> B2O3 Boron, the 

reagents ‘A’ and 'B" are: 

(a) acid, A 1 □(b) acid, carbon □ 

(c) acid, Fe □ (d) acid, Mg □ 

24 . 0.2 g sample of H2O2 required 10 mL of N KMn04 in a 

titration in the presence of H2SO4. The puri^ of H2O2 is: 
(a) 25 % □ (b) 65 % □ 

(c) 85 % □ (d) 95 % □ 


25 . 0.7 g of a sample of Na2C03-xH20 were dissolved in water 
and the volume made up to 100 mL. 20 mL of this solution 
required 19 . 8 mLof 0.1 A^HCl for complete neutralization. The 
value of jc is: 

(a) -2 □ (b )-3 □ 

(c) -4 □ (d) □ 
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26 . 


27 . 


28 . 


29 . 

30 . 


31 . 


3 Z 


33 . 


34 . 


35 . 


Which one of the following oxides is expected to exhibit 
paramagnetic behaviour? [C.B.S.E. (P.M.T.> 2005 ] 

(a) CO2 □(b) a02 □ 

(c) SO2 □ (d) Si02 □ 

The aqueous solution containing which one of the following 
ions will be colourless? [C.B.S.E. (P.M.T.) 2005 ] 

(a) Fe^"^ □ (b) Mn^^ □ 

(c) Ti^+ □ (d) Sc^+ □ 

The complex, [Co(NH3)4Br2]Cl can show isomerism: 


[I.LX 2005 ] 

(a) ionisation and geometrical □ 

(b) geometrical and optical □ 

(c) ionisation and optical □ (d) only optical □ 

O3 cannot oxidise: 2005 ] 

(a) KI □ (b) FeS04 □ 

(c) KMn04 □ (d) K2Mn04 □ 

Which of the following gas is lib^ted when Pb02 is rented 
with cone. HNO3? [LIX 2005 ] 

(a) NO2 □ (b) O2 □ 

(c) NO □ (d) N2O □ 

[Hint : PbOi + 2HNO3-> Pb(N03)2 + H2O + | O2] 

The incorrect statement among the following is: 

(a) Cgo is an allotropic form of carbon □ 

(b) O3 is an allotropic form of oxygen □ 

(c) Sg is only allotropic form of sulphur □ 

(d) red phosphorus is more stable in air than white 

phosphorus □ 

The pair whose both species are used in anti-acid medicinal 
preparation is: 

(a) NaHC 03 andMg( 0 H )2 □ 

(b) Na2C03 and Ca(HC03)2 □ 

(c) Ca(HC03)2andMg(0H)2 □ 

(d) Ca(OH)2 and NaHC03 □ 

Given below, catalyst and corresponding process/reaction are 
matched. The mismatch is: 

(a) [RhCl(PPh3)2l: hydrogenation □ 

(b) TiCl4 + A1(C2H5)3 : polymerization □ 

(c) V2O5 : Haber-Bosch process □ 

(d) nickel : hydrogenation □ 


Among the following, the species having square planar 
geometry for central atom are: 


(i)XeF4 (ii)SF4 (iii) [NiCU]^” (iv) [PdCy^^ 

(a) (i) and (iv) □ (b) (i) and (ii) □ 

(c) (ii)and(iii) □ (d) (iii)and(iv) □ 


3 2 

[Hint: XeF4— sp d hybridization—shape is square planar instead 
of octahedral due to presence of two lone pairs of electrons on 
Xe—^atom. 

SF4— sp d hybridization^—shape is distorted, see-saw instep 
of trigonal bipyraimdal due to presence of one lone pair of electrons. 
[NiCl4]^~— sp^ hybridization-^tetrah^Jml sha|^ 

[PdCm —dsp hybridization—square planar diai»] 

The successive ionisation energy values for an element ‘Z* 
are given below: 

Afli 410 kJmoF^ 

A1H2 820 kJmor^ 


Afl^ 1100 kJmor' 

Ajftt 1500 kJmor' 

A/H5 3200 kJmor^ 

Finid out the number of valence electrons for the element, 
Z’: 


(a) 4 □ (b) 3 □ 

(c) 5 □ (d) 2 □ 

Set 2 

1 . In the long form of pericdic table, all the non-metals are 
placed under: 

(a) 4^-block □ (b) p-btek □ 

(c) d-blexk □ (d)/-block □ 

2. Hie elemente which exhibit both vertical and horizontal simi¬ 
larities am: 

(a) mpmsentative elements □ 

(b) p-block elements □ 

(c) transition elements □ 

(d) none of the alxive □ 

3 . The shape of a molecule which has 3 bond pairs and one 
lone pair is: 

(a) pyramidal □ (b) octahedral □ 

(c) triangular planar □ (d) tetrahedral □ 

4 . The radii of F, F^, O and are in the order of: 


(a) 0^“>F^>F>0 □ (b) F^>0^“>F>0 □ 

(c) 0^“'>0>F:>F □ (d) 0^“>F^>0>F □ 

5 . The group in which ail the elements do not have same 
number of electrons in their valency shell is: 

(a) zero □ (b) second □ 

(c) first □ (d) seventh □ 

[Hint: He has two electrons whOe rest of the members of zero 
group have 8 electrons in the valency shell.] 

6. The chemical composition of ‘slag* formed during the 
smelting process in the extraction of copper is: 

(a) CU2O + FeS □ (b) FeSiOa □ 

(c) CuFeS2 □ (d)Cu2S+FeO □ 

7 . When silicon is boiled with caustic soda solution, the gas 
evolved is: 


(a) O2 □ (b) SiH4 □ 

(c) H2 □ (d) none of these □ 

8. ‘ Tailing of mercury is a laboratory test for: 

(a) O3 O (b) Hg □ 

( 0)02 □ ( d )02 □ 

[Hint: O3 reacts with Hg to form Hg20 which sticks to glass. 
This is called tailing of Hg J 

9 . Which alkali metal reacts with nitrogen to form nitride? 

. (a) Cs □ (b) Na □ 

(c) K □ (d) O □ 

10 . A mixture of Al(OH)3 and Fe(OH)3 can te separated easily 
by treating with: 

(a) HQ □ (b)NH40e □ 

(c) HNO3 □ (d) N^H □ 

11. Hiermal decomposition of which comimund yields a basic 
and acidic oxide simultaneously? 

(a) KOOs □ (b) NH4NO3 □ 

(c) CaCOs □ (d) NaNOs □ 
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Which of the following processes does not involve 
catalyst? 

(a) Ostwald’l process □ (b) Thermite process I 

(c) Contact process □ (d) Hate process I 

Which of the following shows bond in silicone? 
Ill I 


(a) 

—Si—C—Si—0- 
1 1 1 

-Si— 

1 

□ 

25 . 

(b) 

1 1 1 1 

—Si—C—Si—C- 
1 1 1 1 

1 

_Si— 

1 

□ 


(c) 

1 1 1 1 
—Si—Si—Si—Si“ 

till 

— 

□ 



(d) —Si—O—Si^O*—Si— □ 

I 111 

14 . Which compound does not give NH3 on heating? 

(a) (NH4)2S04 □ (b) (NH4)2C03 □ 

(c) NH4NO2 □ (d) NH4a □ 

15 . Hydrolysis of PI3 yields; 

(a) monobasic acid and a salt □ 

(b) monobasic acid and dibasic acid □ 

(c) dibasic acid and tribasic acid □ 

(d) monobasic acid and tribasic acid □ 

[Hint: PI3 + SHaO -> 3 HI (monobasic) + H3PO3 (dibasic)] 

16 . Marshall acid is: 

(a) H2S2Q3 □ (b) H2SO5 □ 

(c) H2S20g , □ (d) H2S2O5 □ 

17 . The geometry of H2S and its dipole moment are: 

(a) angular and non-zero □ (b) angular and zero □ 

(c) linear and zero □ (d) Linear and non-zero □ 

18 . HBr and HI reduce sulphuric acid HCl can reduce KMn04 
and HF reduces: 

(a) H2SO4 □ (b) K2Cr207 □ 

(c) KMn04 □ (d) none □ 

19 . Which pair gives CI2 at room temperature? 

(a) Cone. HCl + K2Cr207 □ (b) NaCl + cone. H2SO4 □ 

(c) NaCl + Mn02 □ (d) NaCl + cone. HNO3 □ 

20 . Two inert gases (radon and helium) are obtained from the 
disintegration of: 

(a) □ (b) □ 

'(c)2foTh □ id)^%Ac □ 

21 . In the process of extraction of gold. 

Roasted gold ore + CN” + H2O —^ [X] + OH“ 

[X] + Zn -> [F] + Au 

Identify [X] and [F]: 

(a) X=[Au(CN)2l"; F=[Zn(CN)4f” □ 

(b) X = [Au(CN)4]h F = [Zn(CN)4f“ □ 

(c) X = [Au(CN) 2]-; F = [Zn(CN)6]^ □ 

(d) X = [Au(CN)4]”; F= [Ziv(CN)4]^ □ 

22 Spelter is: 

(a) impure Cu □ (b) impure zinc □ 

(c) ZnO □ (d) CuO □ 

23 . The reduction in atomic size with increase in atomic number 
is a characteristic of elements of: 


(a) high atomic mass □ (b) <i-block □ 

(c) /-block □ (d) radioactive □ 

[X] -1“ H2SO4 — [Y\ a colourless gas with irritating smell, 
m + K2Ci; 207 + H2SO4-> Green soln. [X] and [Y] are: 

/„\ n rm— TT/-n I I 


(b) a“, HCl 

/j\ ^r\ 


(a) S0f,S02 □ (b)a“HCl □ 

(C) S^“ H 2 S □ (d)C03",C02 □ 

Mixture X= 0.02 mole of [Co(NH3)5S04]Br and 0.02 mole of 
[Co(NH3)5Br]S04 was prepared in 2 htre of solution: 

1 litre of mixture X + excess of AgN03-^ Y 

1 litre of mixture X + excess of BaCl2- > Z 

No. of moles of Y and Z are: 

(a) 0.02,0.02 □ (b) 0.02,0.01 □ 

(c) 0.01,0.02 □ (d) 0.01,0,01 □ 

Chemical compound (A) is used for water softening to remove 
temporary hardness. Compound (A) reacts with Na2C03 to 
give caustic soda. When CO2 is bubbled through solution 
(A), it turns cloudy. The chemical formula of (A) is: 

(a) CaCOs □ (b) C^O □ 

(c) Ca(OH)2 □ (d) Ca(HC03)2 D 

[Hint : Ca(OH)2 + Ca(HC03)2-> 2CaC03 + 2H2O 

Ca(OH)2 + NaaCOs-> 2 NaOH + CaCOs 

Ca(OH)2 + CO2-> CaCOs + H2O] 

Cloudy 

K2Mn04+ X- > KMn04; The reagent ‘X’ is: 

(green) (pink) 

(a) (C(X>H)2 □ (b) O3 □ 

(c) H2O2 □ (d) H2Q □ 


► F + CO 


X + C-HC2 > F + CO 

^ about lOOOK 

F + 2H2O-> Z + 2 HC 1 

compound F is found in polymeric chain structure and is an 
electron deficient molecule. F is: 

(a) BeO □ (b) BcO Be(OEh □ 

(c) Be(OH)2 □ (d) BeCla □ 

rifl[r»_x . T5I.-4-V . i 1000 K ^ 


BeO+ C+CI2 -^^^^BeCla+CO 
(^) (F) 

BeCla is found in polymeric chains and is electron deficient. 
BeCla + 2H2O —> Be(OH)2 + 2 HC 1 ] 

(Z) 

+ 5 CO-> I2 +5CO2 

less) Violet 


A + 5 CO— 

(Colourless) 

The compound A is: 
(a) I2O5 
(c) HIO3 


(a) I2O5 □ (b) HI □ 

(c) HIO3 □ (d) HIO4 □ 

30 . An element used in high temperature thermometry is: 

(a) Hg □ 0 )Na □ 

(c) Ti □ (d) ( 3 a □ 

31 . Which of the following conq>lexes are not correctly matched 

with ,hybridization of their central metal ion? 
(i)[Ni(CO) 4 ]ip 3 (ii)[Ni(CN) 4 ]W 

[Fe(CN) 6 ]^ 5 pV 


(iii) [CoFgl^rf^ sp^ (iv) [Fe(CN) 6 ]^ 5 p^<i^ 

Select the correct answer using the codes given below: 

(a) (i)and(ii) □ (b) (i) and (iii) □ 

(c) (i), (iii) and (iv) □ (d) (M), (iii) and (iv) □ 


[Hint : Ni{CO)4-5p"; 

[CoF6]^--5p^<i 


[Ni(Cn)4f--dsph 

[Fe(CN) 6 ]^'-d^ 5 p^] 
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32 . Which one has the highest molar conductivity? 

(a) Diamminedichloroplatinium (II) □ 

(b) Potassiumhexacyanoferrate(n) □ 

(c) Hexaaquochromium(in) bromide □ 

(d) Pentacarbonyliron(O) □ 

33 . Which of the following is not an ore of magnesium? 

(a) Camalhte □ (b) Dolomite □ 

(c) Calamine □ (d) Sea water □ 

34 . In the following, the element with the highest energy is: 

(a) [Ne] 3 / 3 p^ □ (b) [Ne] 3 / 3 p^ □ 

(c) [Ne] 3 / 3 p^ □ (d) [Ne] 3 i^ 3 / □ 

35 . A transition metal ion exists in its highest oxidation state. It 
is expected to behave as: 

(a) a chelating agent □ 

(b) a central metal in a coordination compound □ 

(c) a reducing agent □ 

(d) an oxidising agent □ 

Set 3 

1 . Recently discovered element ‘ununhexium’ (At. No. 116 ) 
belongs to: 

(a) nnd group □ (b) 14 th group □ 

(c) 16 th group □ (d) zero group □ 


2 . Chloride ion and potassium ion are isoelectronic. Then: 

(a) their sizes are same □ 

(b) Cr ion is bigger than K'*' ion □ 

(c) ion is bigger than CF ion □ 

(d) their sizes depend on other cations and anions □ 

3 . Molecular shapes of SF4, CF4 and XeF4 are: 

(a) the same, with 2, 0 and 1 lone pairs of electrons 

respectively □ 

(b) the same, with 1, 1 and 1 lone pairs of electrons 

respectively □ 

(c) different with 0, 1 and 2 lone pairs of electrons 

respectively □ 

(d) different with 1, 0 and 2 lone pairs of electrons 

respectively □ 

[Hint : S in SF4 is in s^d hybridized state with one lone pair. 
C in CF4 is in sp^ hybridized state with no lone pair while 
Xe in XeF4 is in sj ?hybridized state with two lone 
pairs.] 

4 . Select the incorrect statement about O2 and N2 ions: 


(a) bond length of N2 is greater than N2 □ 

(b) bond order of O2 is greater than O2 □ 

(c) paramagnetism of O2 is less than O2 □ 

(d) N2 is diamagnetic ■ F* □ 


[Hint: O2 = No. of electrons 15 -Bond order 2 . 5 , O2 = Bond order 
2 ; Bond order N2 = 3 , Bond order N2 = 2 . 5 , Oj-one orbital 
singly occupied, 02-two orbitals singly occupied, N^-one 
orbital singly occupied.] 

5 . Refractory materials are used for the construction of furnaces 


because they: 

(a) are hght in weight □ 

(b) can stand with high temperatures □ 

(c) are leak proof □ 

(d) provide oxygen to fuel □ 


6. The volume strength of 1.5 A H2O2 solution is: 

(a) 4.8 □ (b) 8.0 □ 

(c) 3.0 □ (d) 8.4 □ 

[Hint: Volume strength = 5.6 x Normality = 5.6 x 1.5 = 8 . 4 ] 

7 . Which one of the following pairs of molecules will have 
permanent dipole moments for both members? 

(a) SiF4 and NO2 □ (b) NO2 and CO2 □ 

(c) NO2 and O3 □ (d) SiF4 and CO2 □ 

8. Development of a photographic plate involves the use of: 


(a) a complexing agent □ (b) an oxidising agent □ 

(c) a reducing agent □ (d) a precipitating agent □ 

9 . Inorganic graphite is: 

(a) B3N3H6 □ (b) B3N3 □ 

(c) SiC □ (d) P4S3 □ 

10 . Nitrogen shows different oxidation states in the range: 

(a) 0 to + 5 □ (b) - 5 to + 3 □ 

(c) - 3 to -h 5 □ (d) - 3 to + 3 □ 

11 . Which of the following is used as rocket fuel? 

(a) liquid O2 □ (b) hquidN2 □ 

(c) liquidNH3 □ (d)hquidH2 □ 

12 . Which of the following transition metal can have highest 
oxidation state? 

(a) Mn □ (b) Cr □ 

(c) Cu □ (d)Ni □ 

13 . Lead is soluble in: 

(a) CH3COOH □ (b) H2SO4 □ 

(c) HCl □ (d) HNO3 □ 

14 . Copper sulphate is commercially made from copper scrap by: 

(a) heating with sodium sulphate □ 

(b) heating with sulphur □ 

(c) action of dilute'H2S04 and air □ 

(d) dissolving in hot cone. H2SO4 □ 

15 . Which one of the following reactions occur at the anode in 
the Castner process of extracting sodium metal? 

(a) H2->2H'' + 2e“ □ 

(b) 2 Cr-> CI2 + 2 e~ □ 

(c) 40 ir->2H20 + 02+4^" □ 

(d) Na'' + ^"->Na □ 

16 . Compound X is anhydride of sulphuric acid. The number of 
sigma bonds and 7 C-bonds present in X are respectively: 

(a) 3,3 □ (b) 4,2 ’ □ 

(c) 2,4 □ (d) 4,3 □ 

[Hint : The compound 'X is SO3.] 


17 . Ferrous ion changes to X ion, on reacting with acidified H2O2. 
The number of d electrons present in X and its magnetic 
moment (in B.M.) are respectively: 

(a) 6 and 6.95 □ (b) 5 and 5.92 □ 

(c) 5 and 4.9 □ (d) 4 and 5.92 □ 

18 . In acidic medium, dichromate ion oxidises ferrous ion to fer¬ 
ric ion. If the gram molecular mass of potassium dichromate 
is 294 grams, its gram equivalent mass is: 

(a) 294 □ (b) 49 □ 

(c) 147 □ (d) 24.5 □ 

19 . In the reaction, 

B2H6 + 2 KOH + 2 X -> 27 -I- 6H2 . 

X and Y are respectively: 
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(a) H2,H3B03 □ (b) HC1,KB03 □ 

(c) H20,KB03 □ (d) H20,KB02 □ 

20 . For the preparation of sodium thiosulphate by ‘spring’s 
reaction’, the reactants used are: 

(a) Na2S,Na2S034:2 □ (b) Na2S03,1S □ 

(c)Na2S,S02 □ (d) Na 2 S,Na 2 S 03 ,Cl 2 □ 

2 L When bauxite ix>wder is mixed with coke and reacted with 
nitrogen at 2075 K, carbon monoxide and X are formed. What 
is the gas formed when X is reacted with steam? 

(a) NH3 □ (b) N2 □ 

(c)N 20 □ (d)02 □ 

22 Oxalic acid reacts with cone. H2SO4 to give a mixture of two 
gases. When this mixture is passed through caustic potash 
solution, one of the gases is absorbed. The product formed is: 
(a) K2SO4 □ (b) KHCO3 □ 

(c) K2CO3 □ (d) KO2 □ 

[Hint : Oxahe acid with cone. H2SO4 gives CO and CQ2 gases.] 
23 . The number of unpaired electrons presents in the first excited 
state of chlorine atom is: 


24 . 


25 . 


26 . 


27. 


28 . 


(a) 1 □ (b) 3 □ 

(c) 5 □ (d) 2 □ 

The first important theory of c(X)rdination compounds was 
put forward by: 

(a) Slater □. (b) Lewis □ 

(c) Pauling □ (d) Werner □ 

WTiich of the following octahedral complex does not show 
geometric isomerism? 

(a) [AM3B3] □ (b) [M44B2] □ 

(c) [MAsBl □ (d) [M42B4] □ 


A metal M readily forms water soluble sulphate and water 
insoluble hydroxide, M{OH)2. Its oxide MO is amphoteric, 
hard and having high melting fKjint. The alkaline earth metal 
is: 

(a) Mg □ (b) Ck □ 

(c) Be □ (d) Ba □ 

[Hint : Be forms soluble BeS04 ^d insoluble Be{OH)2. Its oxide 
BeO is amphoteric, hard and possesses high melting point.] 
An aqueous solution of a halogen salt of potassium reacts 
with same halogen X2 to give KX3, a violet coloured solu¬ 
tion, in which halogen exists as Z3 ion, X2 as a Lewis acid 
and X~ as a Lewis base, halogen X is: 

(a) chlorine □ (b)<fluorine □ 

(c) bromine □ (d) iodine □ 

[Hint : KI + I2-> KI3 ^ -j- li ( I2 — F )] 

Lewis acid Lewis lase 


Match List I with List n and then select the correct code: 

List I Listn 


A. Bauxite 1 , 

B. Argentiferrous lead 2 

C Argentite 3 . 

D. Copper pyrites 4 . 

A B C D 

(a) 4 3 1 2 

(b) 1 2 3 4 

(c) 3 12 4 

(d) 2 1 3 4 


Mc-Arthur forest process 
Froth flotation 
Pattinson process 
Hall’s method 

□ 

X □ 
□ 
□ 


29 . 


30 . 


31 . 

32 


33 . 


34 . 


35 . 


36 . 


What would happen when a solution of potassium chromate 
is treated with excess of dilute nitric ^id? 

(a) Cr^"^ and Ct20i~ are formed □ 


(b) Cr207 and H2O are fom^ 


□ 

□ 

□ 


(c) CitO'f is reduced to +3 state of Cr 

(d) Cr207 is oxidised to +7 state of Cr 

[Hint : 2K2C1O4 + 2 H^-> K2Cr207 + H2O + 2 K^ ] 

In the long form of periodic table, all the non-metals and met¬ 
alloids are placed with: 

(a) s-block □ (b) ci-block □ 

(c) p-block □ (d) /-block □ 

Which of the following does not conduct electricity? 
(a)FusedNaCl □ (b) Solid NaQ □ 

(c) Brine solution □ (d) Copper □ 

A metal M forms chlorides in its +2 and +4 oxidation states. 
Which of the following statements about these chlorides is 
correct? [A.LE.E.E. 2006 ] 

(a) MCl2ismorevolatilethanMQ4 □ 

(b) MCI2 is more soluble in anhydrous ethanol than MQ4 □ 

(c) MCI2 is more ionic than MCI4 □ 

(d) MCI2 is more easily hydrolysed than MCI4 □ 

Which of the following statements is true?[A J-E.E.E. 2006 ] 

(a) H3PO3 is stronger acid than H2SO3 □ 

(b) In aqueous solution HF is a stronger acid than HCl □ 

(c) HCIO4 is weaker acid than HCIO3 □ 

(d) HNO3 is stronger acid than HNO2 □ 

Nickel (Z = 28 ) combines with a uninegative monodentate 
ligand X~ to form a paramagnetic complex [NiX^f”. The 
number of unpaired electron{s) in the nickel and geometry 
of this complex ion are, respectively: [A J,E.E»E» 

(a) one, tetrahedral □ (b) two, tetrahedral □ 

(c) one, square planar □ (d) two, square planar □ 

The increasing order of the first ionisation enthalpies of the 
elements B, P, S and F (lowest first) is: [AXE.E.E. 2 (M) 6 j 

(a)F<S<P<B □ (b)P<S<B<F □ 

(c)B<P<S<F □ (d)B<S<P<F □ 

Match the following : 

List-I list-H 


L Smelting 
2 Self reduction 

3 . Electrolytic reduction 

4 . HydrometaUurgy 

(a) (l^r),(2»p),(3-s),(4-q) 

(b) {l^),(2-p),(3-r),(^s) 

(c) (l^r),( 2 ^s),( 3 ^),( 4 ^p) 

(d) (l-r),(2~s),(3^p),(^) 

[Hint : Smelting : Fe203 + 3 CO-> 2 Fe -f 3CO2; 

Self reduction : 2CU2S + 3O2-> 2Q12O + 2SO2 

CU2S + 2CU2O-> 6Cu -f SO2 

Electrolytic reduction : A1203 F“-> AIF3 

AU^ aP + 31^ 

4 , 4- 

Cathode Anode 

Hydron^tallurgy Malachite 

CUCO3-^ CUSO4 ] 

4.Fe 

Cu 


(p) Copper glance 

(q) Malachite 

(r) Hematite 

(s) Bauxite 


□ 

□ 

□ 

□ 
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37 , Halides of alkaline earth metals form hydrates such as 
MgCl2‘ 6H2O, CaClr 6H2O, BaCla • fflaO and Sia2-2H20. This 
shows that halides of group 2 elements : 

(a) are hygroscopic in nature 

(b) act as dehydrating agents 

(c) can absorb moisture from air 

(d) aU of the above 

Which of the following cannot be reduced by H2O2 ? 

(a) Ag20 □ (b) 

(c) Acidified KMn04 □ (d) Acidified KjCrzO, 

Number of electrons transferred in each case when KMn04 
acts as an oxidising agent to give Mn02, Mn , 
and MnOl” are respectively : 

(a) 3 , 5,4 and 1 □ (b) 4 , 3 , 1 and 5 

(c)l, 3 , 4 and 5 □ (d) 5 , 4 , 3 , and 1 

40 * K4Fe(CN)6 is used for the identification of : 

(a) Fe^'", 

(b) Fe^"" 

(c) Fe' 

(d) Fe' 


38 . 


39 . 


Fe^'*' and Cu^'*’ cations 
and Zn^* cations 
Fe^'*' and cations 
^ Fe^"^ and Ni^'*' cations 


□ 

□ 

□ 

□ 

□ 

□ 


Mn(OH)3 

□ 
□ 

□ 
□ 
□ 
□ 


[Hint: Fe-*++ [FeCCNigf 


Cu^’^+LFeCCNigf- 


Zn^* +[Fe(CN)6f" 


► Fe4[Fe(CN)6]3 

Rnissian blue 

► Cu2[Fe(CN)6] 

Chocolate 


-4 Zn2[Fe(CN)6] 

Bluish white 


] 


Set 4 

1 . The bond lengths in the species O2, O2 and O2 are in the 
order: 

(a)02>0i>02 □ (b)02>02>02 □ 

(c) O2 > 02 >02' □ (d) O2 > O2 > O2 □ 

[Hint : Bond order Oi = 1 . 5 , O2 = 2.0 and Oj = 2 . 5 ] 

2 S—S bond is not present in: 

(a) H2S2O4 □ (b) H2S2O6 □ 

(c) H2S2O8 □ (d) none,of these □ 

3 * The normality of a mixture obtaiaed by mixing 100 mL of 0.2 
M H2SO4 + 100 mL of 0.2 M NaOH is: 

(a) 0.2 □ (b) 0.01 □ 

(c) 0.1 □ (d) 0.3 □ 

[ffint: 0.2 M H2SO4 == 0.4 N H2SO4] 

4 . How many unpaired electrons are there in Ni^'*’ ion? 

(a) 2 □ (b) 5 □ 

(c) 8 □ (d) 1 □ 

5 . In froth floatation process, for the purification of ores, the 
particles of the ore float because: 

(a) they are Hght □ (b) they are insoluble □ 

(c) they bear electrostatic charge □ 

(d) their surface is not easily wetted by water □ 

6. Among the halogens, the one which is oxidised by nitric acid 
is: 

(a) F □ (b) a □ 

(c) Br □ (d) I □ 

7 following is not considered as an organo- 

nietaUic compound? 

(a) Ferrocene □ (b) Qs-platin □ 

(c) Zeise’s salt □ (d) Gri^aixi reagent □ 


8. WTiich of the following does not have optical isomer? 

(a) [Co(en)3]a3 □ (b) □ 

(c) [Co(en)2a2]a □ (d) [Co(en)(NH3)2a2]a □ 

9 . WTiich of the following halides is least stable and doubtfiil 
existence? 

(a) Pbl4 □ (b) Snl4 □ 

(c) (M4 □ (d) Sil4 □ 

10 . Among AI2O3, Si02, P2O3 and SO2, the correct order of acid 
strength is: 

(a) AI2O3 < Si02 < SO2 < P2O3 □ 

(b) AI2O3 < Si02 < P2O3 < SO2 □ 

(c) SO2 < P2O5 < SiOa < AI2O3 □ 

(d) Si02 < SO2 < AI2O3 < P2O3 D 

1 L Ihe correct order of bond angles (smallest first) in H2S, NH3, 

BF3 and SiH4 is: 

(a) H2S < SiEt < NH3 < BF3 □ 

(b) NH3 < H2S < SiH4 < BF3 □ 

(c) H2S<NH3<SiH4<BF3 □ 

(d) H2S < NH3 < BF3 < SiH4 n 

12 . Which one of the following has the regular tetrahedral 
structure? 

(a) XeF4 □ (b) SF4 □ 

(c) BFi □ (d) [Ni(aS 04 f“ □ 

13 . Of the following outer electronic configurations of atoms, the 
highest oxidation state is achieved by which one of them? 

□ (b) (n -DdW □ 


14 . 


(a) (n -l)d\s^ 

(c) in -l)dW , □ (d) (n -l)dW □ 


Beryllium and aluminium exhibit many properties which are 
similar. But the two elements differ in: 

(a) exhibiting maximum covalency in compounds □ 

(b) forming polymeric hydrides □ 

(c) forming covalent halides □ 

(d) exhibiting amphoteric nature in their oxides □ 

15 ^^^1^ process of purification is represented by the follow- 

ing ^heme? 

1400^C 

Ti + 2I2-^ TJI4 -> Ti + 2I2 

Impure Pure 

(a) CupeUation □ (b) Poling □ 

(c) Zone refining □ (d) Van-Arkel process □ 

16 . Which of the hydrogen halides form salts like KHX2 
(where X is a halogen atom): 

(a) HF □ (b) HQ □ 

(c) HBr □ (d) HI □ 

17 . In the electrothermal process, the compound displaced by 
silica fiom calcium phosphate is: 

(a) calcium phosphide □ (b) phosphine □ 

(c) phosphorus pentoxide □ 

(d) phosphorus □ 

18 . An important product in the ozone depletion by chlorofluoro 
carbons is: 

(a) CI2 □ (b) OCl □ 

(c) OF2 □(d) O2F2 □ 

19 . The element with atomic number 118 , if discovered, will be 
placed in: 

(a) 1 st group □ (b) 14 th group □ 

(c) 16 th group □ (d) 18 th group □ 
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20 . On the basis of electronic configuration, the known elements 


are grouped in: 

(a) 3 ~bl(K^ks □ (b) 2 -blocks □ 

(c) 4 -biocks -I- lanthanides □ 

(d) 3 -blocks -h lanthanides -f actinides □ 

21 . When hydrolith is treats with water, it yields: 

(a) H2 □ (b) H2O2 □ 

(c) NH3 □ (d) PH3 □ 

22. 1 (X )0 g aqueous solution of CaC03 contains 0,1 g of CaCOs. 
Hardness of this solution is: 

(a) lOOOi^m □ (b) lOOppm □ 

(c) 10 ppm □ (d) I ppm □ 

23 . A compound which can be used in space vehicles both to 
absorb CO2 and liberate oxygen is: 

(a) NaOH □ (b) NaaO □ 

(c) Na202 □ (d) ^dalime □ 

24 . The highest ionisation potential in a period is shown by: 

(a) noble gases □ (b) alkali metals □ 

(c) alkaline earth metals □ (d) halogens □ 

25 . Which form contains the maximum percentage of carbon? 

(a) Wrought iron □ (b) Steel □ 

(c) Cast iron □ (d) Malleable steel □ 

26 . General formula of hydrides is XH(8 _ „); where n is the 
number of outer shell electrons of X, The X may belong to: 

(a) /?-block of periodic table □ 

(b) group 8 of periodic table □ 

(c) d-block of periodic table □ 

(d) 5 -block of f^ricKhc table □ 


27 . The hair dye available in the market generally contains two 
bottles one containing dye and other containing hydrogen 
peroxide. The bottles are mixed before applying. The func^tion 
of hydrogen peroxide is: 

(a) to dilute the dye □ 

(b) to oxidise the dye to give desired colour □ 

(c) to reduce the dye to give desired colour □ 

(d) to acidify the dye □ 

28 . X —> F+LiBRt 

^ _ Heat _] 


29 . 


Which of the following statements is true for the above 
sequence of reactions? 

(a) Z is hydrogen □ (b) ^ is B2H6 □ 

(c) X is fluorine and F is ' □ 

(d) Z is potassium hydroxide □ 

[Hint: B+»BI^-^B2H6+LiBF4 


(Z) (X) 



4B+H2] 


In N2O, the N —N distance pertains to: 

(a) N=N bond 

(b) N=N bond 

(c) N —N bond 

(d) intermediate of N=N and NsN 

[Hint : N2O is a resonance hybrid of following structures 

:n = n = o<—] 

•• «• mm 


□ 

□ 

□ 

□ 


30 . The stability of particular oxidation state of a metal in aque¬ 


ous solution is determined by: 

(a) enthalpy of sublimation of the metal □ 

(b) ionisation energy □ 

(c) enthalpy of hydration of the metal ion □ 

(d) all of the above □ 

31 . Which of the following is the most basic oxide? 

(a) Bi203 □ (b) Se02 □ 

(c) AI2O3 □ (d) Sb203 □ 

32 . Which of the following species has a linear shape? 

(a) NOj □ ,(b) NO2 □ 

(c) O3 □ (d) SO2 □ 

33 . Which of the following set is not in accordance with the 
property stated against it? 

(a) F2 > CI2 > Br2 > I2 : electronegativity □ 

(b) F2 > CI2 > Br2 > I2 : bond dissociation energy □ 

(c) F2 > CI2 > Br2 > I2 : oxidising power □ 

(d) HI > HBr > HCl > HF : acidic property in water □ 


34 . Match List-I with List-II and select the correct answer using 
the ccxtes given below the lists: 


35 . 


36 . 


37 . 


list-I 

Lfet-n 


1 . Oxide ore 

A. Feldspar 


1 Sulphide ore 

B. Barytes 


3 . Sulphate ore 

C Fluorspar 


4 . Halide ore 

D. Galena 



E Corundum 


(a) 1 -A, 2 -E, 3 --B, 4 -C 

□ (b) 1 -B, 2 -D, 3 -C, 4 -A 

□ 

(c) 1 -B, 2 -D, 3 -E, 4 ^A 

□ (d) 1 -E, 2 -D, 3 -B, 4 -C 

□ 

Match List-I and List-II and pick out correct matching codes 

from the given choices: 



List-I 

List-n 


A. CIF3 

1. Square planar 


B. PCI5 

2 . Tetrahedral 


C IF5 

3 . Trigonal bipyramidal 


D. CCI4 

4 , Square pyramidal 


E XeF4 

5 . T-shaped 


(a) A- 5 , B- 4 , C- 3 , I>- 2 , E -1 

□ 

(b) A- 5 , B- 3 , C- 4 , D- 2 , E -1 

□ 

(c) A-5, B- 3 , C-^, D- 1 , E -2 

□ 

(d) A- 4 , B- 3 , C- 5 , D- 2 , E -1 

□ 

All oxides of which of the following are white ? 


l.Al(m) 2 .Pb(n) 3 .Zn(n) 4 .Mn(n) 


(a) 1 and 3 only 

□ (b) 1, 2 and 3 

□ 

(c) 3 and 4 only 

□ (d) None of these 

□ 


The correct order of matching of the following compounds 
is: 


LIst-I 

A. Borazole 

B. Plaster of Paris 
C Boric acid 

D. Quartz 

E Buckminsterfullerene 


List-n 

1. CaS04«l/2H20 

2. Cfio 

3 . SiOa 

4 . B3N3H6 

5 . H3BO3 

[P.M.T. (Kerala) 2010] 
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(a) A- 3 , B- 1 , C-~ 2 , D-- 5 , Er 4 □ 

(b) A- 1 , B- 5 , C-- 3 , D- 4 , E -2 □ 

(e) A- 5 , B- 2 , C-l, D- 3 , Er -4 □ 

(d) A- 4 , B- 1 , C- 5 , D- 3 , E -2 □ 

(e) A- 4 , B- 1 , C- 5 , D- 2 , E -3 □ 

38 . Among the oxides, 

l.Mn207 2.V2O3 3.V2O5 4 .CrO S.CraOs 

the basic oxides are : [P,M,T* (Kerala) 2010 ] 

(a) 1 and 2 □ (b) 2 and 3 □ 

(c) 3 and 4 □ (d) 2 and 4 □ 

39 . The number of unpaired electrons present in the species 

[Fe(H20)5NO]^'^ which is farmed during the "ring test’ is : 
(a) 2 □ (b) 3 □ 

(c) 4 □ (d) 5 □ 

40 . Hypo +12 —A 

Hypo + Q2-^ B 

A and B are : 

(a) A = Na2S406 and B = Na2S04 □ 

(b) A = Na2S405 and B = NaHS04 □ 

(c) Both A and B are Na2S40^ □ 

(d) Both A and B are Na2S04 □ 

[Hint : 2Na2S203 + I2-> Na2S406 + 2 MaI; 

Na 2 S 203 + 4CI2 + 5H2O-> 2 NaHS 04 + 8 HC 1 ] 


Set 5 

1. Consider the cations, Lf, Be^-", Mg^*, K”" and The 
largest and the smallest ions from this list are respectively: 


(a) K'*' and □ (b) and Be^* □ 

(c) and Lf □ (d) K'*' and Be^'^ □ 

2 . The outermost electronic configuration of the most electro¬ 
negative element (from the list below) is: 

(a) 3 shp^ □ (b) 3/3/ □ 

(c) □ (d) %V □ 

3 . The cation containing maximum number of unpaired el^to>ns 
is: 

(a) Co^+ □ (b) nP □ 

(c) Fe^ □ (d) Fe^* □ 

4 . The atomic property which is not periodic is: 

(a) atomic radius □ (b) mass number □ 

(c) electronegativity □ (d) ionisation energy □ 

5 . The carbide that gives methane on hydrolysis is: 

(a) AI4C3 □ (b) SiC □ 

(c) CaC2 □ (d) TiC □ 

6. In solid CuS04*5H20, copper is coordinated to: 

(a) one water molecule □ (b) one sulphate ion □ 


(c) four water molecules □ (d) five water molecules □ 
7 . The property which regularly increases down the group in 


periodic table is: 

(a) ionisation energy □ (b) electronegativity □ 

(c) electron affinity □ (d) reducing nature □ 

8, Which hybrid state cannot be shown by carbon? 

(a) sp^d □ (b) $p^ □ 

(c) sp^ □ (d) sp □ 


9 . 


10 . 

11 . 


IZ 


13 . 

14 . 

15 . 


16 . 

17 . 


18 . 


19 . 


20 . 

21 . 

21 
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Which of the following is used as a moderator in nuclear 
reactors? 

(a) Heavy hydrogen □ (b) Ozone □ 

(c) Heavy water □ (d) Hydrogen peroxide □ 

Which of the following has largest solubility in water? 

(a) Ba(OH)2 □ (b) Si(OH)2 □ 

(c) Ca(OH)2 □ (d) Mg(OH)2 □ 

Which of the following is not an important constituent of 
cement? 


(a) CaO □(b) AI2O3 □ 

(c) MgO □ (d) Na20 □ 

The electronic configuration of an element is ls^, 2 s^ 2 p^, 
3 s^ 3 p^ 3 (f, 4 ^^ This represents its: 

(a) excited state □ (b) ground slate □ 

(c) cationic form □ (d) anionic form □ 

Which of the following halides is most acidic? 

(a) BCI3 □ (b) SbQs □ 

(c) Bia3 □ (d) CCI4 □ 

Which acid forms two series of salts? 

(a) H3PO4 □ (b) H3PO3 □ 

(c) H3BO3 □ (d) H3PO2 □ 

The number of P—O—P bonds in cyclic meta-phosphoric 
acid is: 

(a) one □ (b) two □ 

(c) three □ (d) four □ 

The type of hybridization of boron in diborane is: 

(a) sp .. □ (b) sp^ □ 

(c) dsp^ ' □ (d) sp^ . □ 

Ammonium dichromate is used in some fire works. The green 
coloured powder blown in air is: 

(a) (Mh □ (b) CraOs □ 

(c) Cr □ (d) Cr0(02)2 □ 

The lanthanide contraction is responsible for the fact that: 

(a) Zr and Hf have about the same radius □ 

(b) Zr and Nb have similar oxidation states □ 

(c) and Y have about the same radius □ 

(d) Zr and Zn have the same oxidation states □ 

Numba* of moles of K2Cr207 reduced by 1 mole of Sn^’*' is: 
(a) 1/6 □ (b) 2/3 □ 

(c) 1/3 □ (d) 1 □ 

[Hint ; (Sn^*^—> + 2 e’) x 3 , (Cr2<^“ + 6 e~ > 2 a;^\ 


2 + 2 — 

Le., 3 moles of Sn react with one mole of Cr207 . Thus, 

2L+ 

one mole of Sn reacts with 1/3 mole of K2Cr207.] 


Which transition metal has the highest density? 


(a) Zn □ (b) Sc □ 

(c) La □ (d) Os □ 

Wnhich is the first man-made element? 

(a) Sc □ (b) Os □ 

(c) Tc □ (d) Zr □ 

K3A1(C204)3 is called: 

(a) potassium aluminium oxalate □ 

(b) potassium aluminium (HI) trioxalate □ 

(c) potassium trioxalatoaluininate (HI) □ 

(d) potassium tris (oxalato) aluminium □ 



Miscellaneous 


989 


23 . Which one of the following ligands forms a chelate? 

(a) Acetate □ (b) Oxalate □ 

(c) Cyanide □ (d) Ammonia □ 

24 . Among the following ions which one has the highest 
paramagnetism? 

(a) [Fe(H20)6]^; □ (b) [ 0 ^ 20 ) 6 ^ □ 

(c) [Cu(H20)6f:" □ (d) [Zn(H20)6f^ □ 

25 . The major air pollutant is: 

(a) oxides of nitrogen □ (b) oxides of sulphur □ 

(c) soot O (d) carbon monoxide □ 

26 . Coordination number of Cu^^ is .... .in CuS04-5H20: 

(a) 5 □ (b) 4 □ 

(c) 3 . □ (d) 2 □ 

27 . Which of these molecules have nonbonding electron pairs 
on the central atom? 

I SF4 n iQa nr SO3 

(a) n only □ (b) I and 11 only □ 

(c) I and in only □ (d) I, Hand HI □ 

28 . The ionisation potential of nitrogen is: 

(a) same as that of oxygen □ 

(b) less than that of oxygen □ 

(c) greater than that of oxygen □ 

(d) none of the above □ 

29 . Metal carbide on reaction with H2O forms CH4. Carbide can 
be: 

(a) Be2C □ (b) CaC2 □ 

(c) SiC □ (d) MgaCs □ 

30 . SO2 can reduce: 

(a) HClOstoHCl □ (b) CrzOl^ + H"" to Cr^'' □ 

(c) MnOJ + Hf*’ to Mn^’*' □ (d) all of these □ 


31 . The sequence that correctly describes the relative bond 
strength pertaining to oxygen molecule and its cation or 
anion is: 

(a) O2 > O2 > O2 >02 d (b) O2 > O2 > o2 > O2 n 
<c) 02>02>0l“>0i □ (d) 02>02>Oi>oi" □ 


[Hint : Bond order Oj = 2 . 5 , O2 = 2 , Oi = 1.5 and ol' = 1.0 
Relative bond strength oc bond order] 

32 . The ‘Bordeaux mixture’ is: 

(a) copper sulphate and borax □ 

(b) orthoboric acid and ferrous sulphate □ 

(c) sodium borate and zinc sulphate □ 

(d) copper sulphate and lime □ 

33 . Among the following complexes, which h^ a magnetic 
moment of 5.9 BM? 

Ni{CO) 4 , [Fe(H 20 ) 6 f^ [CoCNHsld^, 

(a)Ni(CO)4 □ (b) [Fe(H20)/^ □ 

(c) [MnBr4]2" □ (d) [CofNHjld □ 

34 . Which of the following statements is not correct about 
diborane? 

(a) The B atom^ are in sp hybrid state O 

(b) It contains two 3 centre -2 electron bonds □ 

(c) The B-H bond lengths in it are equal due to resonance 

□ 

(d) The molecule is non-planar □ 


35 . Which one of the following complexes is not diamagnetic? 


(a) lFe(CN)6]'^ □ (b) □ 

(c) [Pt(CN)4]^" □ (d) [a)(NH3)6]^ □ 

36 . Which of the following species can function as oxidising as 

well as reducing agent ? [P.EX (Kerala) 2010 ] 

(a) cr □ (b) aoj □ 

(c) ao”' □ (d) Mn04 □ 

(e) NO J □ 

[Hint : In all the given species except CIO” the central elements 
are either in their maximum or minimum oxidation state 
and hence, they cannot further increase or decrease the 
oxidation states. In CIO”, the oxidation state of Cl can be 
increased or decreased Le., it can act as oxidising as well 
as a reducing agent.] 

37 . The correct increasing order of paramagnetism of 
(i) MnS 044 H 20 (ii) FeS 04 ‘ 7 H 20 (iii)NiS04-6H20 
(iv) CuS 04-5H20 is: 

(a) (i) < (ii) < (iii) < (iv) □ (b) (iv) < (iii) < (ii) < (i) □ 

(c) (iii) < (iv) < (ii) < (i) □ (d) (iii) < (iv) < (i) < (ii) □ 

[Hint : (5 unpaired electrons), (4 unpaired electrons), 

(2 unpaired electrons) and Cu^"^ (one unpaired 
electron),] 

38 . Match the List-I and List-II and pick the correct matching 
from the codes given below : 


List-I 

A. [Ag(CN)2]” L 

B. [Cu{CN)4]^~ 2 

C. [Cu(CN)6]‘^ 3 . 

D. [Cu(NH 3 ) 4 ]^^ 4 . 

E. [Fe(CN)6]‘^ 5 . 

(a) A- 2 , B- 4 , C- 5 , D-l, E -3 

(b) A- 5 , B^, C- 1 , D- 3 , 1^2 

(c) A- 1 , B- 3 , C- 4 , D- 2 , E -5 


Lfet-H 

Square planar and 1.73 B.M. 
Linear and Zero 
Octahedral and Zero 
Tetrahedral and Zero 
Octahedral and 1.73 B.M. 


□ 

□ 

□ 


(d) A- 4 , B- 5 , C- 2 , D- 1 , E -3 □ 

39 . Commonly employed reaction in the extraction of gold is 
given below : 


4 Au + SNaCN + H2O + X -> 4 Na[ Au(CN)2 ]+ 4 NaOH 

iY 

Au 

X and Y in the reaction are : 

(a) N2 and Cu □ (b) O2 and Zn □ 

(c) CO2 and Ni □ (d) CO2 and Ag □ 

40 . A metal M readily forms MSO4 which is water soluble. It 
forms an insoluble hydroxide M(OH)2 which is soluble in 
excess of NaOH solution. The metal M is : 


(a) Mg □ 

(b) Ba □ 

(c) Be □ 

<d) cannot be determined as data is incomplete □ 


Set 6 

L Hydrogen gas will not reduce: 

(a) heated cupric oxide □ (b) heated ferric oxide □ 
(c) heated stannic oxide □ (d) heated aluminium oxideD 
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2 A solution of sodium sulphate in water is electrolysed using 
inert electrodes. The products at the cathode and anode are 


respectively: 

(a) H2,02 □ (b)02,H2 □ 

(c)02,Na □ (d)O2,S02 □ 

3 . Which oxide of nitrogen is a coloured gas? 

(a) N2O □ (b) NO □ 

(c) NO2 □ (d) N2O5 □ 

4 . Ammonia with excess of CI2 gives mainly; 

(a) N2andNH4a □ (b) NCljandHCl □ 

(c) NQ3andNH4Q □ (d) none of these 0 

5 . Which sulphate on strong heating gives SO2 and SO3? 

(a) FeS04 □ (b) CUSO4 □ 

(c) Fe2(S04)3 □ (d) CaS04 □ 

6. The type of hybrid orbitals used by the chlorine atom in 
ClO^is: 

(a) sp^ □ (b) sp^ □ 

(c) sp □ (d) none of these □ 

7 . Which of the following statements are correct for CsBr3? 

(a) It is a covalent compound □ 

(b) It contains Cs^"^ and Br~ ions □ 

(c) It contains Cs^, Br” and lattice Br2 molecule □ 

(d) It contains Cs^ and Br3 ions □ 


8 . The correct order of increasing C—O bond length of CO, 
CO|~ and CO 2 is: 

(a) COf- < CO 2 < CO □ (b) CO< CO 2 < CO|“ □ 
(c) CO 2 < COf^ < CO □ (d) CO < COf < CO 2 □ 

9. Concentrate aqueous sodium hydroxide can separate a 


mixture of: 

(a) Al^+, Sn^^ □ (b) Al^^, Fe^ □ 

(c) Al^'". □ (d) Pb^+, □ 

10 . On heating chromite (FeCr204) with Na2C03 in air, the 
foUowing product is obtained; 

(a) Na2Ci04 □ (b) Na2Cr207 □ 

(c) FeO □ (d) Fe304 □ 

11 . Iodine is formed when potassium iodide reacts with: 

(a) aiS04 □ (b) FeS04 □ 

(c) Q1SO4 □ (d) Hgl2 □ 

12 Which halide is not oxidised by Mn02? 

(a) r □ (b) Br‘ □ 

(c) or □ (d) F- □ 

13 . Which metal bums in air at high temperature with the 
evolution of much heat? 

(a) Cu □ (b) Hg □ 

(c) Pb □ (d) A 1 □ 

14 . The carbide which yields propyne on hydrolysis: 

(a) AI4C3 □ (b) BejC □ 

(c) Mg2C3 □ (d) CaC2 □ 

15 . Paramagnetism is not shown by; 

(a) 020? □ (b) ao3 □ 

(c) O2 □ (d) aOj □ 

16 . The metal present in vitamin B12 is; 

(a) Fe □ (b) Q) □ 

(c) Mg □ (d) Mn □ 


17. 

18. 

19. 

20 . 

21 . 


22 . 

23. 


24. 

25. 


26. 


27. 


28. 


The hybridization of I in I 3 ion is: 

(a) sp □ (b) sp^d □ 

(c) sp^d^ □ (d) dsp^ □ 

Substance used in Holme’s signal is; 

(a) NH 3 □ (b) ASH 3 0 

(c) PH 3 □ (d) SbH 3 P 

In which case the energy released is minimum in the process? 

(a) N-□ (b)C->C- □ 

(c) B->B“ □ (d)0-^O' □ 

The correct order of acidic strength is: 


(a) Na20 > MgO > AI2O3 □ (b) K2O > CaO > MgO □ 

(C) C 02 >N 205 >S 03 □ (d) Cl 207 >S 02 >P 40 io □ 

A white solid reacts with dilute HCl to give a colourless gas 
that decolourises aqueous bromine. The solid is most likely; 
(a) sodium carbonate □ (b) sodium chloride □ 

(c) sodium acetate □ (d) sodium thiosulphate □ 

[Hint : Na2S203 + 2 HC 1 -> 2 NaCl + S + SO2 + H2O; 

SO2 + Br2 + 2H2O-> 2 HBr + H2SO4] 

Transition metals form complexes because of: 

(a) small cation size □ (b) vacant d-orbitals □ 


(c) large ionic charge □ (d) all of these □ 

0.2 g of a sample of H2O2 required 10 mL of N KMn04 

solution in a titration in the presence of H2SO4, the purity of 
H2O2 is: 

(a) 25 % □ (b) 50 % □ 

(c) 85 % □ (d) 100 % □ 

Cosmetic powders and zinc ointments contain: 

(a) ZnO □ (b) ZnC03 □ 

(c) ZnS04 □ (d) Zna2 □ 

Turnbull’s blue is a compound having formula: 

(a) KFe (HI) [Fe (B) (CNlg] □ 

(b) KFe(n)[Pe(m)(CN)6] O 

(c) Na2[Fe(CN)5NO] ' □ 

(d) Fe4[Fe(CN)6]3 □ 

Use of fteons as aerosol propellant is to be discouraged 
because: 

(a) they are toxic □ 

(b) they are very reactive □ 

(c) they are corrosive D 

(d) they destroy ozone layer □ 


0.45 g of the acid of molecular mass 90 was neutrahsed by 
20 mL of 0.5 N caustic potoh. The basicity of the acid is: 
(a) 1 □ (b) 2 □ 

(c) 3 □ (d) 4 □ 

Match 


(1) CO 2 

(2) SO 2 

(3) BF3 

(4) CH 3 + 

1 2 3 

(a) C E D 

(b) D E C 

(c) D E C 

(d) D E B 


(A) Pyramid 

(B) Tetrahedral 

(Q Triangular planar 

(D) Linear 

(E) Angular 
4 

B 

A 

C 

B 


□ 

□ 

□ 

□ 
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29 . Which of the following is prepared by electrolytic method? 


(I) Mg (n)F2 

(in)Sn (IV)S 


(a) I and n 

□ (b) n and in 

□ 

(c) m and IV 

□ (d) I and IV 

□ 

30 . Hybridization in I3 is: 



(a) sp^ 

□ (b) sp^d 

□ 

(c) sp^d^ 

□ (d) dsp^ 

□ 

31 . Numter of unpaired electrons in [Co(F5)]^ is: 


(a) 4 

□ (b)2 

□ 

(c) 3 

□ (d)l 

□ 

[Hint J has configuration [M] 3 a. It undergoes 

sp^d'^ 


hybridization, i.e., it has four unpaired electrons.] 

32 . Hydrolysis of XeF4 and CaNCN gives respectively: 

[J.E.E. (Orissa) 2006] 
(a) XeOsandCaCOs □ (b) XeOz and CaCN2 □ 

(c) XeOFs and CaCN2 □ (d) XeOF2 and CaC03 □ 

[Hint : 2XeF4 + HjO-> XeOs + Xe + Fj + 6HF 

, CaNCN + 3H2O-> CaCOs + 2NH3] 

33 . The gases produced in heating Pb(N03)2——> . and 

NH4NO3 ^ .> . are respectively: 

(a) N20,N0 □ (b) N20,N02 □ 

(c) NO.NO2 □ (d) N02,N20 □ 

[Hint : PbCNOsla-> HjO + 2NO2 + 5 O2 

NH4NO3-> N2O + 2H2O] 

34 . The ore having two different metal atoms is: 

(a) haematite □ (b) galena □ 

(c) magnetite □ (d) copper pyrites □ 

35 . K2Cr207 reacts with NH4CI and H2SO4. The product formed 
is: 


36. 


37 . 


38 . 


(a) chromous chlorate with green vapour □ 

(b) chromous chloride with white vapour □ 

(c) chromous chloride with blue vapour □ 

(d) chromyl chloride with deep red vapour □ 

Which one of the following is the correct statement? 

[AXE,E.E.2008] 

(a) B2H6'2NH3 is known as inorganic benzene □ 

(b) Boric acid is a protonic acid □ 

(c) Beryllium exhibits coordination number of six □ 

(d) Chlorides of lx>th Be and A 1 have bridged chloride 

structures in solid phase □ 

The incorrect statement(s) among the following is/are: 

[RE.T (Kerala) 2008] 

(i) NCI5 does not exist while PCI5 does 

(ii) Lead prefers to form tetravalent compounds 

(iii) The three C—O bonds are not equal in the carbonate 


ion 

(iv) Both Ot and NO are paramagnetic 


(a) {i),(iii)and(iv) 

□ 

(c) (ii) and (iii) 

□ 

(e) (iv) only 

CoIumn-I 

□ 

(A) He 

Cl) 

(B) Cl 

(ii) 

(Q Ca 

Ciii) 

(D) Li 

(iv) 


(b) (i) and (iv) □ 

(d) (i) and (iii) □ 

Coiimm-ll 

High electron affinity 
Most electropositive element 
Strongest reducing agent 
Highest ionisation energy 


39. 


40 . 


The correct match of contents in Column-I with those in 
Column~nis: [P.E.T. (Kerala) 2008 ] 

(a) * A-iii, B-i, C-ii, D-iv □ (b) A-iv, B-iii, C-ii, D-i □ 
(c) A-i, B-ih C~iii, D-iv □ (d) A-iv, B-i, C-ii, D-iii □ 
(e) A~iL,B-iv,C-iI>-iii □ 

Match the List-I and List-II employed in the manufacture of 
substances and select the correct option : 

[C.B.S.E.(P.M.T.)2010] 


List-n 

(Processes) 

(i) Haber process 
(i) Bessemer process 

(iii) Leblanc process 

(iv) Contact process 


LisM 

(Substances) 

A. Sulphuric acid 

B. Steel 

C. Sodium hydroxide 

D. Anounonia 

(a) A-(i), BH'iv), C-(u), ]>-^iii) □ 

(b) A-<iX B~<ii), C-<iii), IH^v) □ 

(c) A-<iv),B-<iii),C-(ii),EKi) O 

(d) A-(iv), B-<ii), C-<iii), EKO □ 

Which of the following exhibits square pyramidal geometry? 

[AJVI.U-(Eii^.)2010] 
(a) XeF^ □ (b) XcOs □ 

(c) BrFs □ (d) XeF4 □ 


Multiple Choice—B 


The following questions have one or more correct answer(s) 
for each of them. Choose the correct answer(s). 

Set 1 

1, The long form of the j^riodic table has: 

. (a) seven horizontal rows representing seven periods □ 

(b) eighteen vertical columns representing eighteen groups □ 

(c) eight vertical columns representing ^i-block element □ 

(d) six vertical columns representing p-block elements □ 
1 Which of the following molecules do possess a pemment 


dipole moment? 

(a) H2S □ (b) SO2 □ 

(c) NH3 □ (d) CS2 □ 

3 . Which of the following molecules have a linear arrangement 
of atoms? 

(a) H2S □ (b) XeF2 □ 

(c)C 2H2 □ (d)Bea2 □ 

4 . Correct statements are: 

(a) Calamine and siderite are carbonates □ 

(b) Argentite and cuprite are oxides □ 

(c) Zinc blende and iron pyrites are sulphides □ 

(d) Malachite and azurite are ores of copper □ 

5 . Which of the following gases on dissolution in water make 
the solution acidic? 

(a) CO □ (b) CO2 □ 

(c) SO3 □ (d) PH3 □ 

6. Which of the following alloys contains Cu and Zn? 

(a) Bronze □ (b) Brass □ 

(c) Gun metal □ (d) Type metal □ 

7 . The compounds used as reffigerant are : 

(a) NH3 □ (b) CCI4 □ 

(c) CF4 □ (d) CF2a2 □ 
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8. The species that do not contain peroxo linkage are: 


(a) Pb02 □ (b) MnOi □ 

(c) BaOi □ (d) Na202 □ 

9 . The alkali metals: 

(a) form salt like hydrides □ 

(b) possess low ionisation potential values □ 

(c) have low density □ 

(d) have high affinity for non-metals □ 

10 . Oxide minerals of alurriiniutn are: 

(a) cryolite □ (b) corundum □ 

(c) bauxite □ (d) diaspore □ 

11 . The compounds obtained by heating of orthophosphoric 
acid are: 

(a) metaphosphoiic acid □ (b) pyrophosphoric acid □ 

(c) P4O6 □ (d) P4O10 □ 

12 . Which does/do not exist? 

(a) PbF4 □ (b) PbCl4 □ 

(c) PbBr4 > □ (d) Pbl4 □ 

13 . Halogens are: 

(a) hon-metals □ (b) very reactive □ 

(c) electronegative • □ 

(d) placed in VIIB or 17 th group □ 

14 Hydrogen bonding is present in: 

(a) H2O □ (b) H2S □ 

(c) NH3 □ (d) HQ □ 

15 . Among the following ions which has/have paramagnetism? 

(a) [Cr(H20)6]^^ □ (b) [Fe(H20)6]^^ □ 

(c) [Cu{H 20)6]^^ □ (d) [Za(H20)6]"-^ □ 

16 . Of the following, the metals that cannot be obtained by 
electrolysis of aqueous solution of their salts are: 

(a) Ag □ (b) Mg □ 

(c) Cu □ (d) A 1 □ 

17 . The elements which exist in liquid state at room temperature 
ate: 

(a) Na □ (b) Br □ 

(c) Hg □ (d) Ga □ 

18 . White phosphorus (P4) has: 

(a) six P—^P single bonds □ (b) four P—^P single bonds □ 

(c) four lone pairs of electrons □ 

(d) PPP angle of 60 ^ □ 

19 . NO2 is obtained by heating: 

(a) AgN03 □ (b) Cu(N03)2 □ 

(c) KNO3 □ (d) NaNOs □ 

20. sp^ hybridization is found in: 

(a) NHt □ (b) B0|- D 

(c) C2H4 □ (d) SO|“ □ 

21 . Inert pair effect is shown by: 

(a) Pb □ (b) T 1 □ 

(c) Ra □ (d) Bi □ 

22 . Heating of oxalic acid with concentrated H2S.O4 evolves: 

(a) CO □ (b)C02 □ 

(c) SO2 □ (d) SO3 □ 

23 . Xenon forms compounds with fluorine under diffeient 
conditions. The known fluorides are: 

(a) XeE □ (b) XeF2 □ 

(c) XeF4 □ (d)XeF3 □ 


24 . Property not characteristic of transition metals is/are: 

(a) coloured salts □ (b) paramagnetic □ 

(c) fixed valency □ (d) low density □ 

25 . Transition elements with 4 ^^ configuration in die ground state 
are: 

(a) Cr □ (b) Mn □ 

(c) Cu □ (d) M □ 

Set 2 

1 . Electron affinity of: 

(a) carbon is gieater than oxygen □ 

(b) sulphur is higher than oxygen □ 

(c) chlorine is higher than bromine □ 

(d) chlorine is higher than fluorine □ 

2 . While reviewing the third mw elements in periodic table, point 
out the correct statements: 

(a) sodium has the largest size □ 

(b) chlorine has the maximum electronegativity □ 

(c) “first ionisation potential of Mg > first ionisation jwten- 

tialof aluminium □ 

(d) chlorine is the strongest reducing agent □ 

3 . Choose the molecules in which hybridization occurs in the 
ground state: 

(a) Ba3 □ (b) NH3 ^ □ 

(c) Pa3 □ (d) BeF2 □ 

4 The bond strength increases: 

(a) with increasing bond order □ 

(b) with increasing extent of overlapping of orbitals □ 

(c) with decrease in bond length □ 

(d) from a single bond to triple bond □ 

5 . The names which are associated with ore dressing are: 

(a) hydraulic □ (b) froth floatation □ 

(c) cupellation □ (d) smelting □ 

6. NaOH cannot be stored in: 

(a) A 1 vessel □ (b) zinc vessel □ 

(c) glass vessel □ (d) PVC vessel □ 

7 . Which liberate CI2 gas with HCl? 

(a) KMn04 □ (b) K2Cr2(>7 □ 

(c) Mn02 □ (d) KI □ 

8. Fe can displace which of the following ions from their salts 
solutions? 

(a) Na+ □ (b) □ 

(c) Ag"^ □ (d) Cu^+ □ 

9 . Which of the following oxides are amphoteric? 

(a) Na20 □ (b) AI2O3 □ 

(c) Sn02 □ (d) CaO □ 

10 . The ion having maximmn value of hydration energy is; 

(a) □ (b) Na'^ □ 

(c) □ (d) Cs^ □ 

11 . Alkaline earth metals are characterised by: 

(a) ns electronic configuration □ 

(b) electropositive nature □ 

(c) reducing nature □ 

(d) found in nature □ 

12 . Concentrated sulphuric acid is: 

(a) efflorescent □ (b) hygroscopic □ 

(c) oxidising agent □ (d) sulphonating agent □ 
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13 . Which are characteristic properties of carbon? 

(a) Catenation □ 

(b) Largest number of compounds □ 

(c) Most abundant element □ 

(d) Multiple bond formation □ 

14 Ammonium compounds used as nitrogen fertilizers are: 

(a) ammonium sulphate □ (b) CAN □ 

(c) aini]rK)nium carbonate □ (d) urea □ 

15 . Which decompose on heating? 

(a) K2CO3 □ (b) MgCOs □ 

(c) NaHCOs □ (d) Na2CO:^ □ 

16 . Which statement(s) is/are corr^t? 

(a) Radon is obtained from radium □ 

(b) Argon is most abundant noble gas in atmosphere □ 

(c) Monazite is a source of neon □ 

(d) Hehum is present in natural gas □ 

17 . Available chlorine is liberated from bleaching powder when 
it: 

(a) is heated □ (b) reacts with acid □ 

(c) reacts with alkali □ (d) reacts with CO2 □ 

18 . The common semiconductors are: 

(a) C □ (b) Si □ 

(c) Ge □ (d) Sn □ 

19 . Peroxy acids of sulphur are: 

(a) H2S2O8 □ (b) H2SO5 □ 

(c) H2S2O7 □ (d) H2S2O3 □ 

20 . Which of the following does/do not impart characteristic 
colour to the flame? 

(a) MgS04 □ (b) CaQa □ 

(c) Sr(N03)2 □ (d) Baa2 □ 

21 . Which of the following statement(s) is/are correct when a 
mixture of NaCl and K2Cr207 is gendy warmed with 
concentrated H2SO4? 

(a) A deep red vapour is evolved □ 

(b) Chlorine gas is evolved □ 

(c) Chromyl chloride is formed □ 

(d) The vapour when passed through NaOH solution gives 

a yellow solution of Na2Cr04 □ 

22 . Amongst the following, identify the specie with an atom 
+ 6 oxidation state: 

(a) Mn04 □ (b) [Cr(CN) 6 ]^ □ 

(c)NiFi- □ (d) 00202 □ 

23 following are paramagnetic ? 

(a) [Fe(CN) 6 ]'^ □ (b) lsri(C0)4 □ 

(c) [NiCUf" □ (d) [CoFg]^ □ 

24 . Which of the following are coordination isomers of 
[Cr(NH3)6][Co(CN)6l? 

(a) [Co(NH3)6][Cr(CN)d □ 

(b) [Cr<NH 3 ) 4 (CN) 2 :i[Co(NH 3 ) 2 (CN) 4 ] □ 

(c) [QtNH3)3(CN)3][Co(NH3)3(CN)3] □ 

(d) All of the above □ 

25 . What are corr^t about greenhouse warming? 

(a) It results in global warming □ 

(b) It results in lowering levels of ocean over the years □ 


(c) Carbon dioxide is one of the main chemical species 

responsible for it □ 

(d) CH4,03 and CFC also contribute to greenhouse effect □ 


Set 3 

1 . Tick the correct statement(s) about the complex ion 
[Cu(NH3)4]^^: 

(a) Cu^’*’ in the complex is dsp "hybridized □ 

(b) Cu m the complex is sp hybridized □ 

(c) the complex is square planar □ 

(d) the complex is tetrahedral □ 

2 The complex(es) which has/have "d" electrons in the central 

metal atom is/are: 

(a) MnOi □ (b) [Co(NH3)6]^ □ 

(c) [Fe(CN) 6 ]^ □ (d) [Cr(H20)d^ □ 

3 . K4Fe(CN)6 is used in detecting: 

(a) Ca^”^ ions □ (b) Fe^’*' ions □ 

(c) ions □ (d) Cu^”^ ions □ 

4 . Which of the following statements are true for Mohr’s salt? 

(a) It decolourises KMn04 solution □ 

(b) It is a double salt □ 

(c) The oxidation state of iron in it is + 2 □ 

(d) It is a primary standard □ 

5 . Resonance structures of a molecule should have: 

(a) identical arrangements of atoms □ 

(b) nearly the same energy content □ 

(c) the same number of unpaired electrons □ 

(d) different arrangement of atoms □ 

6 . The correct statements are: 

(a) Generally the calcination and roasting is done in blast 

furnace □ 

(b) The sandy and rocky materials associated with ore are 

called matrix □ 

(c) Froth floatation process is suitable for sulphide ores □ 

(d) Substance that reacts with gangue to form fusible mass 

is called slag □ 


7 . Consider the electronic configurations for neutral atoms, 

(A) ls^,2s^2/,3s‘ 

(B) i/,2j%^35^3/,4/ 

(Q l/,25^/,3/3p^ 

Which of the following statements are true? 


(a) (A) and (B) are metals while (C) is a nonmetal □ 

(b) (A) and (B) are .y-block elements while (C) is a p-block 



element 


□ 


(c) The LP. of (A) is 

higher than I.P, of (C) 

□ 


(d) (A), (B) and (C) 

are representative elements 

□ 

8 . 

Which of the following species do not exist? 



(a) Al2a6 

□ (b)BH 3 

□ 


(c) PH5 

□ (dlPQs 

□ 

9 . 

Dolomite is a mineral of: 



(a) A 1 

□ (b)Mg 

□ 


(c) Ca 

□ (d) K 

□ 

10 . 

Which of the following is/are basic hydride(s)? 



(a) HQ 

□ (b)NH3 

□ 


(c) H2.S 

□ (d)PH3 

□ 
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11 . Which of the compound(s) is/are not soluble in water? 

(a) NaQ □ (b) BaS04 □ 

(c) n2C03 □ (d) CaCOa □ 

12 . Which of the following reagents can oxidise KI to iodide? 

(a) HoOo/HCl □ (b) O3/H2O □ 

(c) CUSO4 □ (d) O2 □ 

13 . Which of the following do pertain to biosphere? 

(a) Hydrosphere □ (b) Lithosphere □ 

(c) Atmosphere □ (d) Thermosphere □ 

14 . 30 volume hydrogen peroxide means: 

(a) 1 mL of solution hberates 30 mL of O2 at N.T.R □ 

(b) 9.1 g H2O2 presents in 100 mL of H2O2 □ 

(c) 30 % H2O2 solution □ 

(d) 30 mL of solution contains 1 mole of H2O2 □ 

15 . Which statements are false? 

(a) Manufacture of NaOH is done by Solvay’s process □ 

(b) Manufacture of K2CO3 is done by Solvay’s process □ 

(c) Manufacture of NaHCOa is done by Solvay’s process 

□ 

(d) Manufacture of NaOH is done by Nelson cell □ 

16 . Astatine is the element below iodine in group 17 th of the 
periodic table. Astatine would be expected to be: 

(a) more electronegative than iodine □ 

(b) composed of diatomic molecules □ 

(c) a solid at room temperature □ 

(d) hmited to only - 1 oxidation state □ 

17 . Which species are paramagnetic? 

(a) a02 □ (b) aOa □ 

(c) CIF3 □ (d) B1O2 □ 

18 . Aluminium is used: 

(a) in thermite welding □ 

(b) as an oxidiser in metallurgy □ 

(c) for making utensils □ (d) in silvery paints □ 

19 . Identify the correct statements: 

(a) Calcium cyanamide on treatment with steam forms NH3 

and CaC03 □ 

(b) PCI5 is kept in well stoppered bottles because it reacts 

with moisture □ 

(c) Ammonium nitrite on heating gives ammonia and nitrous 


acid 


□ 

(d) N3H is a basic hydride 


□ 

Hydrogen sulphide exhibits: 
(a) acidic properties □ 

(b) basic properties 

□ 

(c) oxidising properties □ 

(d) reducing properties 

□ 

Ionic radii of: 

(a) □ 

(b) 35 ci< 37 ci- 

□ 

(c) K+>a~ □ 

(d) 

□ 


22 . Which of the following elements do not occur in nature but 
have been prepared artificially? 

(a) Ra □ (b) U □ 

(c) Tc □ (d) Pm □ 

23 . Which of the following carbides on treatment with water give 
methane? 

(a) CU2C2 n (b) Be2C IZ! 

(C) AI4C3 □ (d) Mg2C3 □ 


24 . Ammonia on reaction with hypochlorite anion can form: 

(a) NO □ (b) NH4a □ 

(c) N2H4 □ (d) HNO2 □ 

25 . WTiich of the metal oxides are reduced by CO to give the 
corresponding metals? 

(a) ZnO □ (b) CaO □ 

(c) Na20 □ (d) Fe203 □ 

Set 4 

1 . WTiich of the following is/are outer orbital complex(es)? 

i2+ I I /u\ r/i^/xTTT \ n3+ 


(a) [Ni(NH3)6]" 


□ (b) [Co(NH3)6]^ 

n3- 


□ 

(c) [Fe(H20)6]^^ □ (d) [Co(CN)6]^ □ 

2 . Identify the complexes which are expected to be coloured: 

(a) [Ti(N03)4] □ (b) [Cu(NCCH3)4]'^F^ □ 

(c) [Cr(NH3)6]a3 □ (d) KjLVFd □ 

3 . Which of the following statements are wrong? 

(a) Hg2Cl2 is called corrosive sublimate □ 

(b) Hg2Cl2 gives white precipitate with ammonium 

hydroxide □ 

(c) Hg2Cl2 is soluble in water □ 

(d) Hg2Cl2 is used as purgative □ 

4 . Addition of high proportions of manganese makes steel 
useful in making rails of railroads because manganese: 

(a) gives hardness to steel □ 

(b) helps the formation of oxides of iron □ 

(c) can remove oxygen and sulphur □ 

(d) can show highest oxidation state of + 7 □ 

5 . Correct statements regarding bonding molecular orbitals are: 

(a) These possess less energy than combining atomic 

orbitals □ 

(b) These have high electron density between the two 

nuclei □ 

(c) These are formed when the lobes of the combining 

atomic orbitals have same sign □ 

(d) These have low electron density □ 

6 . K+ , Ar, and S^“ have: 

(a) same number of electrons □ 

(b) same electronic configuration ^ □ 

(c) same ionisation potential □ 

(d) same atomic radii □ 

7 . Wliich of the following statement(s) is/are correct? 

(a) Fifth period is the longest period □ 

(b) Among all the elements, chlorine has the highest 

electronegativity □ 

(c) Metallic character increases on going down the group 

□ 

(d) Lithium is the highest metal □ 

8 . CO2 molecule is isostructural with: 

(a) Hga2 □ (b) SnCl2 □ 

(c) C2H2 □ (d) NO2 □ 

9 . Liquation process may be apphed for the purification of: 

(a) copper □ (b) tin □ 

(c) iron □ (d) lead □ 

10 . When zeohte, which is hydrated sodium aluminium siUcate 
is treated with hard water, the sodium ions are exchanged 
with: 
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(a) ions □ (b) ions □ 

(c) ions □ (d) SOf" ions □ 

IL Which of the following compounds is/are hygroscopic? 

(a) Washing soda □ (b) Caustic soda □ 

(c) Caustic potash □ (d) Calcium chloride □ 

12. Which of the following are interstitial carbides? 

(a) ZrC □ (b) VC □ 

(c) WC □ (d) CaC 2 □ 

13. Nitrogen (I) oxide can be produced by: 

(a) thermal decomposition of ammonium nitrate □ 

(b) thermal decomposition of ammonium nitrite □ 

(c) reaction of hydroxylamine and nitrous acid □ 

(d) thermal decomjX)sition of ammonium dichiomate □ 

14. Which among the following can cause pollution? 

(a) Thermal power plant □ (b) Hydro^electro plant □ 

(c) Nuclear power plant □ (d) Solar energy plant □ 


15. Which are used for the manufacture of portland cement? 


(a) Limestone □ (b) Clay □ 

(c) Alumina □ (d) Gypsum □ 

16. In the electrolysis of alumina, cryolite is added to: 

(a) lower the melting point of alumina □ 

(b) increase the electrical conductivity □ 

(c) minimise the electrode effect □ 

(d) remove impurities from alumina □ 

17. Which of the following statement(s) is/are true? 

(a) The lattice structure of diamond and graphite are different 

□ 

(b) Graphite is harder than diamond □ 

(c) Graphite conducts electricity while diamond does not □ 

(d) Carbon in graphite is sp^ hybridized while in diamond, it 

is sp^ hybridized □ 

18. Identify the correct statements: 

(a) FeS 04 -(NH 4 ) 2 S 04 - 6 H 20 is called alum □ 

(b) The mixture NH 4 NO 3 + AJ powder is used as an 

explosive □ 

(c) Anhydrous AICI 3 is obtained when HCl is passed over 

aluminium □ 


(d) When A1 is heated with potassium hydroxide solution, 


hydrogen is evolved □ 

19. The reaction of sodium thiosulphate with iodine gives: 

(a) sodium sulphite □ (b) sodium sulphate □ 

(c) sodium iodide □ (d) sodium tetrathionate □ 

20. Which of the following pairs are correctly matched? 

(a) A halogen which is liquid at room temperature— 

Bromine □ 

(b) The most electronegative element—^Fluorine □ 

(c) The halogen having highest elecixon affinity^—Chlorine 

□ 

(d) The strongest oxidising agent—^Iodine □ 

21. Which of the following hybridization results in non-planar 
orbitals? 

(a) sp^ □ (b) dsp^ □ 

(c) sp^ □ (d) dsp^ □ 

22. Which of the following represent the same element? 

(a) Unnilquadium □ (b) Rf □ 

(c) Ku □ 

(d) All the above are different □ 


[mnt ; The lUPAC name of the element with atomic number 104 
is unnilquadium. It’s American name is Rutherfordium while 
its Russian name is Kurchatovium.] 

23. Which of the following metals become passive when 


dropped in cone. HNO 3 ? 

(a) Cu □ (b) Fe □ 

(c) Cr □ (d) A1 □ 

24. Boron halides are: 

(a) Electron deficient compounds □ 

(b) Lewis acids □ 

(c) Lewis bases □ 

(d) Ionic compounck □ 

25. The gases involved in the formation of photochemical fog 
are: 

(a) OO 2 □ (b) SO 2 □ 

(c) NO □ (d) Hydrocarbons □ 
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Type 4 : Assertion-Reason type 


The following questions consist of two statements each printed as 
Assertion (A) and Reason (R). Use the following key to choose the 
correct answer. 

(a) If both (A) and (R) are correct and (R) is the correct cKplanation 
of (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

(e) If both (A) and (R) are incorrect. 

1. (A) Photochemical smog is produced by nitrogen oxides. 

(R) Vehicular pollution is a major source of nitrogen oxides. 

2. (A) Lead tetraiodide (Pbl 4 ) is a stable compound. 

(R) Iodide stabilizes higher oxidation state. 
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(d) 

30. 

(d) 

36. 

(a) 

37. 

(d) 

38. 

(d) 

39. 

(b) 

40. 

(b) 

6 . 

(c) 

7. 

(d) 

8 . 

(a) 

9, 

(c) 

10 . 

(a) 

16. 

(d) 

17. 

(b) 

18. 

(a) 

19, 

(C) 

20 . 

(d) 

26. 

(b) 

27. 

(d) 

28, 

(c) 

29. 

(a) 

30. 

(d) 

36, 

(c) 

37, 

(b) 

38. 

(a) 

39. 

(b) 

40. 

(c) 

6 . 

(a) 

7. 

(d) 

8 . 

(b) 

9, 

(b) 

10 . 

(a) 

16. 

(b) 

17. 

(b) 

18. 

(c) 

19. 

(a) 

20 . 

(d) 

26. 

(d) 

27. 

(b) 

28. 

(c) 

29. 

(a) 

30. 

(b) 

M. 

(d) 

37. 

(c) 

38. 

(d) 

39. 

(d) 

40. 

(c) 

6 . 

fee) 

7. 

(a,d) 

8 . 

(a.b) 

9. (a,b,c4) 

10 . 

(b.c.d) 

16. 

(b,d) 

17. 

(b,c,d) 

18, 

(a,c,d) 

19. (a,b) 

20 . 

(a,d) 


6, 

(a,b) 

7 . (a,b,c) 

8. (c4) 

9. 

fee) 

10. 

(a) 

16. 

(a,b4) 

17. (b,d) 

18. (b,c) 

19. 

(a.b) 

20. 

(a) 


6. 

fee) 

7. (a,b4) 

8. 

(b,e) 

9. 

fee) 

10. 

fed) 

16. 

fee) 

17. (a44) 

18. 

(a,c4) 

19. 

(a,b) 

20. 

(a,d) 



8. 

(a,c) 

9. 

(b.d) 

10 . 

(a,b) 

i4is(a,b) ■ :-17.;;(a, 

ftd>^ 18. 

(b.d) 

19. 

(c,d) 


(a,b,< 


3. (A) HCIO 4 is a stronger acid than HCi 63 ..'' 

(R) Oxidation states of Cl in HCIO 4 is + 7 and in HCIO 3 , it is+5. 

4. (A) The free gaseous chromium atom has six unpaired electrons. 
(R) Half filled s-orbital has greater stability. 

5. (A) Density of magnesium is less than of calcium. 

(R) It is due to the presence of 3^?~orbital. 

6 . (A) The first ionisation energy of Be is greater tiian that of B. 
(R) 2/?-orbital is lower in energy than 2s>orbital. 

7. (A) F-atom has a less electron affinity than Cl-atom. ^ 

(R) Additional electrons are repelled more effectively by 3p 

electrons in Cl than by 2p electrons in F-atom. 

8 . (A) Sigma (o) is a strong bond while pi (n) is a weak bond. 

(R) Atoms rotate freely about pi {%) bond. 

9. (A) Stannous chloride is a powerful oxidising agent which oxidises 

mercuric chloride to metallic mercury. 
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(R) Stannous chloride gives grey precipitate with mercuric cM&ri4A ^, 
but stannic chloride does not do so. ^ '' 

10. (A) The fluorine has lower reactivity. : 

(R) F—F bond has low bond dissociation energy. 

11. (A) Potassium and caesium are used in photoelectric cells. 

(R) Potassium and caesium emit electrons on exposure to light. 

12. (A) Diamond is a bad conductor. 

(R) Graphite is a good conductor. 

13. (A) Carbon tetrachloride is resistant towards hydrolysis, whereas 

silicon tetrachloride is readily hydrolysed. 

(R) Silicon has bigger size and can accommodate large number of 
water molecules around itself. . . 

14. (A) Diborane is an electron deficient. 

(R) There are no enough valence electrons to form expected number 
of covalent bonds. 

15. (A) The bond order in a molecule can have any value, positive or 

negative, integral or fractional or zero. 

(R) The bond order of a molecule depends upon the number of 
electrons in the bonding and antibonding molecular orbitals. 

16. (A) Chlorine and sulphur dioxide both are bleaching agents. 

(R) The bleaching action of chlorine and sulphur dioxide is 
performed through the process of oxidation. - - ‘ 

17. (A) Copper reacts with hydrochloric acid and liberates hydrogen 

from the solution of dilute hydrochloric acid. 

(R) Hydrogen is below copper in electrochemical series. 

18. (A) Bond order can assume any value including zero. 

(R) Higher the bond order, shorter is the bond length and greater is 
the bond energy. 

19. (A) Beryllium and magnesium impart colour to the flame. 

(R) BeryUium and magnesium both have big size and lower 
ionisation energies. 

20. (A) Carbon forms covalent compountk whereas lead forms ionic 

compounds. 

(R) Carton can lose electrons to form C^ while lead cannot. 

21. (A) The melting and boiling points of alkali metals are very high, 
(R) Alkali metals have large size molecules. 

22. (A) Molecular weight of oxygen is 16. 

(R) Atomic weight of oxygen is 16. 

23. (A) Copier sulphate solution on reacting with excess of potassium 

cyanide solution gives K 3 [Cu(CN) 4 ]. 

(R) Cupric state of copper is more stable than cuprous state in the 
complex. 

24. (A) Alkali metals impart colour to the flame. 

(R) Their ionisation energies are low. 

25. (A) Bond angle in H 2 O is more than in NH 3 . 

(R) Lone pair-lone pair repulsion > lone pair-bond pair repulsion. 

26. (A) Bond dissociation energy of fluorine is less than that of chlorine. 
(R) El^tronegativity of fluorine is much higher than chlorine. 

27. (A) Potassium carbonate cannot be manufactured by a process 

similar to Solvay’s process. 

(R) Potassium hydrogen carbonate is soluble in water. 

28. (A) Dioxygen is paramagnetic in nature. 

(R) Oxygen is found in free state only. 

29. (A) NO 3 is planm: while NH 3 is pyramidal. 

(R) N in NO 3 has and in NH 3 has hybridisation. 

30. (A) Carbonates and hydroxides are concentrated by froth floatation 

process. 

(R) In froth floatation process pine oil is used because it 
preferentially wets the ore particle. 

31. (A) D 2 O is called hard water. 

(R) It’s degree of dissociation is high. 

32. (A) The alkali metals can form ionic hydrides which contain the 

hydride ion, H". 


: / r/(R) The alkali metals have low electronegativity. Their hydrides 
■ ' conduct electricity when fused and liberate hydrogen at the 
V . ^ anode. 

33. (A) Na 2 S 04 is soluble in water whi]e BaSO^ is psolublp. . 

(R) Lattice energy of barium sulphate exceeds its hydration energy. 

34. (A) H 2 O is the only hydride of chalcogens which is liquid at 

ordinary temperature. 

(R) In ice each O-atom is suixpunded by two covalent bonds and 
two H-bonds, 

35. (A) Xenon forms fluorides. 

(R) Because 5(i-oibitals are available for valence shell expansion. 

36. (A) Pb'^"'"can be reduced easily to Pb^^. 

(R) The size of .Rb^^rtfe'big^r than Pb"^^: ^ j i-'i, 

37. (A) CO 2 and Si 02 have same physical state at room temperature. 
(R) CO 2 contains C==0 bonds but Si 02 does not contain S=G 

bonds. 

38. (A) Tungsten has a very high melting point 
(R) Tungsten is a covalent compound. 

39. (A) Iron compounds are paramagnetic and coloured. 

(R) Iron in Fe^"^ or does not contain unpaired electrons. 

40. (A) Every ^-block series consists ten elements. 

(R) Because, the ma ximu m capacity of ^-subshell is of ten 
electrons, ei-subshell is gradually filled up. 

41. (A) Sulphuric acid is more viscous than water. 

(R) In H 2 SO 4 , die S-atom exhibits its highest oxidation state. 

42. (A) Sulphur dioxide can act as oxidising as well as reducing agent. 
(R) In sulphur dioxide S assumes s^d hybrid states. 

43. (A) H 3 ro 3 is a monobasic acid. 

(R) Two H-atoms am directly attached to R 

44. (A) Carbon monoxide reacts with nickel to form nickel carbonyl. 
(R) Carbon monoxide is an acidic oxide. 

45. (A) Zinc, cadmium and mercury do not show characteristic 

properties of transition metals. 

(R) In these meteb outermost shell is completely filled, 

46. (A) FeS 2 is known as fool’s gold. 

(R) FeS 2 has yeUow metelMc appearance. 

47. (A) Lanthanides are generally diamagnetic. 

(R) Lanthanides have the tendency to attain +3 oxidation state. 

48. (A) EAN of Fe in its complexes is always 36. 

(R) Oxidation state of Fe in Fe(CO )5 is +2. 

49. (A) Chelates are less stable than ordinary coordination compounds. 
(R) Chelates can be formed by bidentate ligands. 

50. (A) Ionic compounds tend to be non-volatile. 

(R) Ionic compounds are bad conductors in solid state. 

51. (A) Reaction of SO 2 and H 2 S in presence of Fe 203 catalyst gives 

elemental sulphur. 

(R) SO 2 is a reducing agent. 

52. (A) Addition of NH 4 OH to an aqueous solution of BaCla in 

presence of NH^ClCexcess) precipitates Ba(OH) 2 . 

(R) Ba(OH )2 is insoluble in water. 

53. (A) First ionisation energy of fluorine is lower than oxygen. 

(R) Across a period effective nuclear charge decreases. 

54. (A) Borax bead test is not suitable for A1(III). 

(R) AI 2 O 3 is insoluble in water. 

55. (A) Potassium ferricyanide is paramagnetic while potassium 

ferrocyanide is diamagnetic. 

(R) Crystal field splitting in ferrocyanide ion is greater than in 
ferricyanide ion. 

56. (A) Molecular nitrogen is less reactive than molecular oxygen. 

(R) ITie bond length of N 2 is shorter than that of oxygen. 

57. (A) K 2 Cr 207 is used as primary standard in volumetric analysis. 
(R) It has a good solubility in water. 



998 


GR.B. Inorganic Chemistry for Competitions 


ANSWERS 


Asseitfon^Reason Type 


1. 

(b) 

2. 

(e) 

3. 

(b) 

4. 

(C) 

5. 

(e) 

11. 

(a) 

12. 

(b) 

13. 

(b) 

14. 

(a) 

15. 

(a) 

21. 

(d) 

22. 

(d) 

23. 

(c) 

24. 

(a) 

25. 

(d) 

31. 

(e) 

32. 

(a) 

33. 

(a) 

34. 

(b) 

35. 

(a) 

41. 

(b) 

42. 

(c) 

43. 

(e) 

44. 

(c) 

45. 

(c) 

51. 

(b) 

52. 

(e) 

53. 

(e) 

54. 

(b) 

55. 

(c) 


Type 5 : Thought Type Questions 
Thought 1 


In the modem periodic table, the elements are placed in order 
of increasing atomic number. The long form of periodic table shows 
all the elements in numerical order. The start of a new pericKi 
always corresponds to the introduction of the first electron into 
the 5-orbital of a new principal quantum number. The number of 
elements in each period corresponds to the number of electrons 
required to fill the orbitals according to aufbau principle 
l5, 2s2p, 353/?, As2)dAp, 5sAd5p^ 6sAf5d6p, Is5f6d7p: 

The main groups correspond to elements in which s and p 
orbitals are being filled. The transition elements are those in which 
^/-orbitals are being filled. Each group contains elements of similar 
electronic configuration. According to the recommendations of 
lUPAC, the groups of elements are numbered from 1 to 18. The 
elements corresponding to filling of 4/~orbitals are called 
lanthanons and those corresponding to the filling of 5/"Orbitals 
are called actinons. These elements are accommodated into two 
separate horizontal rows below the table. 

There are only 81 stable elements known. For these elements, 
one or more isotopes do not undergo spontaneous radioactive 
decay. No stable isotope exists for any element above bismuth. 
Two elements, uranium and thorium, for which only radioactive 
isotopes exist, are found quite abundantly on earth because the 
half-lives of some of their isotopes are almost as ^^t as the age 
of earth. 

1. ...... periods and ...... groups are there in the long form 

of the periodic table. 

(a) 7 and 16 (b) 7 and 9 

(c) 7 and 18 (d) 9 and 9 

2, Configuration of the final elements of 3d, Ad, 5d series 
respectively are: 

(a) 

(b) 

(c) 

(d) 3cf4s\4d^^5s\5d^W 

3, Two elements, one belonging to Ad series and other to 

lanthanon series, which are not stable and not found in 
nature and have been discovered by artificial means are : 
(a) Tc and Eu (b) Nb and Gd 

(c) Y and Dy (d) Tc and Pm 

4. Outermost configuration of two /?-block elements A and B are 
ns\p^ and m\p^ respectively. The elements are if n = 4: 


6. 

(a) 

7. 

(C) 

8. 

(C) 

9. 

(d) 

10. 

(d) 

16. 

(c) 

17. 

(e) 

IS. 

(b) 

19. 

(e) 

20. 

(c) 

26. 

(b) 

27. 

(a) 

28. 

(c) 

29. 

(a) 

30. 

(d) 

36, 

(b) 

37. 

(d) 

38. 

(C) 

39. 

(c) 

40. 

(a) 

46. 

(a) 

47. 

(d) 

48. 

(e) 

49. 

(d) 

50. 

(b) 

56, 

(b) 

57. 

(c) 








(a)A = Ga,B = Xe (b)A = In,B = Xe 

(c)A=:Ga,B = Kr (d)A = Zn,B = Kr 

5* General outermost electronic configuration of the elements 
situated above and below X (Atomic number = 50) would 
be: 

(a) ns^np^ (b) ns^np^ 

(c) ns^np^ (d) ns^np^ 

Thought 2 

Quantum mechanical calculations show that mathematical 
mixing of certain combinations of orbitals in a given atom gives 
rise to new atomic orbitals. The spatial orientations of these new 
orbitals lead to more stable bonds and are consistent with the 
observed molecular shapes. The process of orbital mixing is called 
hybridization and the new atomic orbitals are called hybrid 
orbitals. Two key points about the number and type of the hybrid 
orbitals are that : 

(i) The number of hybrid orbitals obtained equals the number 
of atomic orbitals mixed. 

(ii) The type of hybrid orbitals obtain^ varies with the type of 
atomic orbitals mixed. 

The following two methods am used to know about the type 
of hybridization in the molecule. 

Method 1 : Count number of atoms directly attached to central 
atom + lone pairs + single electrons 

Method 2 : Count a bonds + coordinate bonds + lone pairs + 
single electrons 

If the number comes out to be : 

Q 

2 -^ gp hybridization 5 -> sp d hybridization 

'X 

dsp hybridization 

2 S 2 

3 -^ sp hybridization 6 -> sp d hybridization 

3 2 3 

4 -^ sp hybridization d sp hybridization 

2 

dsp hybridization 

1. The hybridization scheme for central atom includes a <i-orbital 
contribution in : 

(a) I 3 (b) PQs 

(c) NOi (d) H 2 Se 

2. Hybrid states of Xe in XeF 2 , XeF 4 and XeF 5 respectively are: 

(a) 5/?^, sp^d, sp^d^ (b) s^d, sp sp^d^ 

(c) sp^d^, sp^d, sp^S (d) 5/?^, sp , sp^d 

3. Phosphorus pentacbloride in gaseous state exists as a 
monomer. In solid state, it existe PCI 4 and PCI 5 ions. The 
hybrid state of P atom in PQ 5 is si?d. The hybrid states of 
P atoms in FClt and PCI 5 will be respectively : 
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(a) sp^d, sp^d^ (b) sp^, sj?d 

(c) sp^, sp S' (d) sSS, sp^d 

4. The hybrid states of central atoms in NO 2 , NO 5 and NH 4 
are: 

3 2 3 3 2 3 

■ (bl)sp ,sp ,sp di^spectively (b) sp ,sp ^sp respectively 

(c) sp^, sp^, sp^ res^tively (d) sp, sp^, sp^ respectively 

5. The hybrid states of carbon in diamond, graphite and 
acetylene respectively are : 

(a) sp\ sp, sp^ (b) sp, sp^, sp^ 

(c) sp^, sp^, sp (d) sp^, sp^, sp 

Thought 3 

CuS 04 * 5 H 20 + KCN (excess)- > A (cyano complex) 

CuS 04 * 5 H 20 + NH 4 OH (excess)- > B (ammine complex) 

1. The formulae of A and B are : 

(a) K 2 [Cu(CN) 4 ]JCu(NH 3 ) 4 ]S 04 

(b) K3 [Cu(CN)4],[Cu(NH3)4]S04 

(c) K[Cu(CN) 2 ]riCu(NH 3 ) 6 ]S 04 

(d) K3 [Cu(CN)6]. [Cu(NH3)6]S04 

2. The lUPAC name of A and B aie : 

(a) potassium cupro cyanide, tetraammine cupric sulphate 

(b) tetracyanopotassium cuprate(I), hexaammine copper(II) 
sulphate 

(c) potassium tetracyano cuprate(I), tetraammine copper(II) 
sulphate 

(d) pot^sium tetracyanocopi^r(I), tetraammine cuprate(II) 
sulphate 

3. The hybridize state of copper in A and B are : 

(a) sp^, dsp^ (b) sp^, sp^ 

(c) ds^, dsp^ (d) sp^d^, d^sp^ 

4. Predict the magnetic nature of A and B : 

(a) Both are diamagnetic (b) Both are paramagnetic 

(c) A is paramagnetic and B is diamagnetic 

(d) A is diamagnetic and B is paramagnetic 

5. In the fomation of complex A, which gas is evolved? 

(a) H 2 (b) O 2 (c) HCN. (d) (CN )2 


Thought 4 

Colemanite + (A) 
Na 2 B 407 + (B) 


Na2B407 
-4 H 3 BO 3 



1 . The formula of the colemanite mineral is : 

(a) C:a 2 B 60 ir 5 H 20 (b) CaB 407 *NaB 02 - 8 H 20 

(c) 2 Mg 3 B 80 i 5 Mga 2 (d) Ca 2 B 60 ir 3 H 20 


(b) sodium oxide 
(d) carbon dioxide 

(b); concentrated H 2 SO 4 
(d) neither (a) nor (b) 

(b)B203 
(d) BO 3 

(b) HB 02 ,H 2 B 407 
(d) HB 02 ,H 5 B 307 


2* The compound (A) is : 

(a) sodium carbonate 
(c) sodium sulphate 
3, The compound (B) is : 

(a) concentrated HCl ‘ 

(c) either (a) or (b) 

4* The compound (Q is : 

(a) B 
(c) BO 2 

5. (D) and (E) are : 

(a) H 2 B 407 ,HB 02 : 

(c) H 4 B 2 O 5 , H 2 B 4 C) 7 ' 

6 . HBOsis: 

(a) Monob^ic and weak Lewis acid 

(b) Monobasic and weak Bronsted acid 

(c) Monobasic and strong Lewis acid 

(d) Tribasic and weak Bronsted acid 

Thought 5 

Potassium permanganate is the most important and well known 
salt of permanganic acid. It is prepared from pyrolusite ore. It is 
an oxidising agent in alkaMne, neutml or acidic solutions. It is a 
purple coloured crystalline compound and fairly soluble in water. 

1 . Pyrolusite+ KOH or K 2 CO 3 ^ 

the product (A) is : 

(a) Mn 304 (b) Mn 207 

^ (c) K 2 Mn 04 (d) KMn 04 

2 . The molecular mass of KMn 04 is M. Its equivalent mass in 
acidic medium will be: 

(a) M (b) M/2 (c) M/3 (d) M/5 

3. For the redox reaction, 


Mn 04 + C 2 OI' 


-^Mn^++C 02 +H 20 

the correct coefficients of the reactants for the balanced 

reaction are : 



Mn 04 

C 2 OI- 


(a) 2 

5 

16 : 

(b) 16 

5 

2 

(c) 5 

16 

2 

(d) 2 

16 

5 

If equal volumes of IM KMn 04 and IM K 2 Cr 207 solutions 


are allowed to oxidise Fe(II) to Fe(III), then Fe(II) oxidised 
will be: 

(a) more by KMn 04 (b) more by K 2 Cr 207 

(c) equal in both cases (d) cannot be compared 

5* KMn 04 is used as an oxidising agent in volumetric analysis 
in acidic medium. The acidic medium is maintained by the 
use of: 


(a) dilute HQ 
(c) dilute H 2 SO 4 


(b) dilute HNO 3 

(d) concentrated H 2 SO 4 


ANSWERS 


Thought 1 

1 . (c) 

2. (b) 

3.(d) 

4. (c) 

5. (a) 

Thought 4 

1 . (a) 

2. (a) 

3.(c) 

4. (b) 

5. (b) 6 . (a) 

Thought 2 

1. (a) 

2. (b) 

3.<c) 

4. (d) 

5. (c) 

Thought 5 

1. (c) 

2. (d) 

3. (a) 

4. (b) 

S. (c) 

Thought 3 

1. (b) 

2. (c) 

3. (a) 

4. (d) 

5. (d) 
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Practice Paper —1 


_ SECTION : 1 _ 

Straight Objective Type Questions . 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d). Out of which only one 
is correct 

h A B(oxide) + CO 2 


B + H2O - >C 

C + CO2-> A (milky) 

C+NH4CI- >Digm) 

D + H2O + CO2- >E 

E + NaCl- >F 


F Na2C03 + CO 2 + H 2 O 

D, E and F are : 


(a) NH 3 ,NH 4 CINH 4 HC 03 □ 

(b) NH 3 ,NH 4 HC 03 ,NaHC 03 □ 

(c) NH 4 HC 03 ,Na 2 C 03 ,NaHC 03 □ 

(d) none of the above □ 

2. An aqueous solution of ferrous aluminium sulphate and 
chrome alum is heated with excess of Na202 and filtered. The 
materials obtained are: 

(a) a colourless filtrate and a green residue □ 

(b) a yellow filtrate and a green residue □ 

(c) a yellow filtrate and a brown residue □ 

(d) a green filtrate and a brown residue □ 

3. The bond angle in H 2 S is: 

(a) same as that of Cl—^Be—ClinBeCl 2 □ 

(b) greater than bond angle in NH 3 □ 

(c) same as Cl—Sn—ClinSnCl 2 □ 

(d) greater than H-™Se—H and less than H—O—-H □ 

4. Among O , O 2 and O 2 ions which will react with water to 
liberate OH“ ions along with O 2 gas? 

(a) and of □ (b) and O 2 □ 

(c) O^" and O 2 □ (d) AH of these □ 

S* Which one of the following is not a protonic acid? 

(a)B(OH )3 □ (b)PO(OH )3 □ 

(c) S0(0H)2 □ (d) S02(0H)2 □ 


6 . A red solid is insoluble in water. However, it becomes soluble 
if some KI is added to water. Heating the red solid in a test 
tube results in the liberation of some violet coloured fumes 
and droplets of a metal appear on the cooler parts of the test 


tube. The red solid is: 

(a) Hgl 2 □ (b) (NH 4 ) 2 Cr 207 □ 

(c) Pb 304 □ (d) HgO □ 

7. The geometry of ICI 2 ions is: 

(a) trigonal with sp -hybridisation □ 

(b) tetrahedral with sp -hybridisation □ 


9 m— 

(c) square planar with dsp -hybridisation □ 

(d) trigonal bipyramidal with sp^d hybridisation □ 

8. Which of the following is hnear? 

(a) XeF 2 □ (b) XeF 4 □ 

(c) SO 2 □ (d) CIF 3 □ 


9. The atomic numbei^ of vanadium, chmmium, manganese and 
kon are respectively 23, 24, 25 and 26. Which one of these 
may be ex|»cled to have the highest second ionisation 


energy? 

(a) V □ (b) Cr □ 

(c) Mn □ (d) Fe □ 

10* The Correct order of magnetic moments amongst following 
complex ions is: 

(a) [MnCl 4 ]^“ > [Fe(CN)6]‘^ > [CoCUf^ □ 

(b) [Fe(CN)6]^ > [MnCL,]^" > [CoCUf^ □ 

(c) [MnCU]^ > [CoCUf" > [FeCChOe]"^ □ 

(d) [Fe(CN)6]‘^ > [CoCU]^- > [MnCy^ □ 


_ SECTION : 2 _ 

Straight Multiple Choice Objective Type Questions .. 

This section contains 5 multiple choice questions. Each 
question has 4 choices. Out of which one or more than one may 


be correct 

11* Which of the following are correct? 

(a) Xe 03 has four a and four n bonds □ 

(b) The hybridization of Xe in XeF 4 is sp^d^ □ 

(c) Among the noble gases, the occurrence of argon is 

highest in the air □ 

(d) Liquid helium is used in cryogenic liquids □ 

12. Which of the following are correct? 

(a) LiC 104 > NaC 104 > KQO 4 (solubility in water) □ 

(b) Rbl > RbBr > RbQ > RbF (lattice energy) □ 


(c) BaC 03 > S 1 CO 3 > CaC 03 > MgC 03 (ttermal staWity) 

□ 

(d) Li"^ > Be^"^ > > Mg^^ (hydration energy) □ 

13. Which of the following species is/are isostractural with 


IFi? 

(a) [Cu(NH 3 ) 4 ]^+ □ (b) XeF 4 □ 

(c) BF 4 □ (d) [Ni(CN) 4 ]^“ □ 

14. The elements which exist in liquid state at room temperature 
are: 

(a) Na □ (b)Hg □ 

(c) Br □ (d) K □ 

15. H 2 O 2 is obtained when dilute H 2 SO 4 reacts with : 

(a) Ba 02 □ (b) Mn 02 ^ □ 

(c) Pb 02 □ (d) Na 202 ' □ 
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SECTFION : 3 


Assertion-Reason Type Questions .... 

Each question in this section contains Assertion (A) and 
Reason (J?). Each question has four choices, out of which only 
one is correct Mark your choice from the following options. 

(a) Both (A) and (R) are true and (R) is the correct explanation 
of (A). 

(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) (A) is correct but (R) is false. 

(d) (A) is false but (R) is ture. 

16* (A) Halogens have maximum negative electron gain enthalpy 
in respective periods of the periodic table. 

(R) Halogens have high effective nuclear charge. 

17. (A) Between SiCl 4 and CCI 4 , only SiCl 4 reacts with water. 
(R) SiCl 4 is ionic while CCI 4 is covalent. 

18. (A) Smaller the size of an atom greater is its electronegativity. 
(R) Electronegativity refers to the tendency of the atom to 

share electrons with the other atom. 

19. (A) CaH 2 is known as hydrolith. 

(R) It is an ionic hydride and on hydrolysis it evolves 
hydrogen. 

20. (A) All noble gases are monoatomic. 

(R) The electronic configuration of noble gases is either 
2 6 2 

ns np or Is (heMum). 


SECTION : 4 


Linked Comprehension Type Questions .... 

This section contains a paragraph. Based upon paragraph, 
multiple choice questions have been given. Each question has 4 
choices. Out of which only one is correct 

Molecular orbitals are formed by linear combination of atomic 
orbitals (LCAO). Two atomic orbitals can overlap forming two 
molecular orbitals, one of which lies at lower energy called bonding 
molecular orbital and other at higher energy called antibonding 
molecular orbitals. Pauh exclusion principle and Hund’s rule are 


applicable for the filling of molecular orbitals. Molecules are said 
to be stable if number of electrons in bonding molecular orbitals 
are more than in the antibonding molecular orbitals. Molecular 
orbital theory can explain the magnetic behaviour of the molecules 
or ions. 

21. In a molecule, number of electrom in bonding molecular 
orbitals are more than the electrons in the antibonding 
molecular orbitals, hence: 

(a) a bond will be formed □ 

(b) no bond will be formed □ 

(c) information is not sufficient □ 

(d) none of the above □ 

22. Molecular orbital theory is preferred over valence bond theory 
as it can explain: 

(a) bond strength □ (b) geometry of molecule □ 

(c) m^netic nature □ (d) none of these □ 

23. In which set of molecules, all the species are paramagnetic? 

(a)B2,02,N2 □ (b)B2,02,N0 □ 

(c)B 2,F2,02 □ (d)B2,02,Li2 □ 


SECTION : 5 


Matrix-Match Type Questions 


Each question contains statements given in two columns, 
which have to be matched. 


24. Match List-I with List-II: 
List-I 
(Metal) 


(Procedure of extraction) 


25. 


(a) Iron (p) Carbon/carbon monoxide 

reduction method 

(b) Lead (q) Self reduction 

(c) Copper (r) Thermite process 

(d) Chromium (s) Hydrometallurgical process 

Match Column-I with Column-II: 

Cdimm-I Ccdunm-Il 


(a) Orthophosphorus acid 

(b) Sulphurous acid 

(c) Sulphuric acid 

(d) Perchloric acid 


(p) Monobasic acid 

(q) Dibasic acid 

(r) Oxidising agent 

(s) Reducing agent 
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1. (b) 

CaCOa-> CaO + COo 

(A) m 

CaO + H 2 O-> Ca{OH )2 

(C) 

Ca(OH )2 + CO 2 -> CaC 03 + H 2 O 

Miikmess 

Ca(OH)2 + 2NH4CI-> 2NH3+CaCla + 2H2O 

m 

NH 3 +H 2 O+CO 2 —> NH 4 HCO 3 
(£) 

NH4HCO3 + NaCl^-> NaHC03+ NH4CI 

{F) 

2 NaHC 03 -> Na 2 C 03 + CO 2 + H 2 O 

2. (c) 

Na 202 reacts with water and forms NaOH and H 2 O 2 , Sulphates 
of iron» aluminium and chromium are converted into corresponding 
hydroxides. Fe(OH )2 is oxidised to Fe(GH) 3 , brown insoluble 
precipitate. Al(OH )3 dissolves forming NaA 102 (colourless) while 
Cr(OH )3 is converted into Na 2 Cr 04 (yellow solution). 

2 Cr(OH )3 + 4 NaOH + 30 -> 2Na2Cr04 + 5H2O 

3. (d) 

Bond angles in BeCl 2 , NH 3 , H 2 O and SnCl 2 are 180", 106.5", 104.5" 
and 119" respectively. O, S and Se belong to the same group and in 
their hydrides, there is $p hybridisation and bond angles of hydrides 
decrease down the group. 

4. (b) 

+ H 2 O—> 20 ir 

IC^- + 2H2O-» 40H“ + O2 

20 i + 2 H 2 O-> 20 H- + H 2 O 2 + O 2 

5. (a) 

B( 0 H )3 does not act as a proton donor but behaves as a Lewis 
acid, i.e, it accepts a pair of electrons from OH“ ion. 

B( 0 H )3 + H^H-» [B( 0 H) 4 ]" + rr 

So, B( 0 H )3 is not a protonic acid. 

6 . (a) 

Hgl 2 dissolves in presence of KI forming a soluble complex. 

2KI + Hgl2-> K2Hgl4 

jjgl^_Heat_^ Hg + I 2 

Metalon cooler Violet 
parts of tube ftimes 

7 . (d) 

^ 3 

ICI 2 has linear shape. Iodine undergoes sp d hybridisation. 
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8. (a) 

XeF 2 is hnear, xenon undergoes sp d hybridisation. 

9. (b) 

The configuration of Cr is 

Is^. Ishp^, 'ishphcf, 4i' 

The Cr'*' ion has stable configuration and hence, requires more 
energy to remove an electron. Thus, the ionisation energy of Cr is 
highest amongst V, Mn and Fe. 

10. (c) 

Greater the unpaired electrons, higher will be the paramagnetic^ 
character. 

2 3 

[MnCy 5 unpaired electrons sp -hybridisation. 

[CoCL;]^” 3 unpaired electrons 5 :p^-hybridisation. 

[Fe(CN) 6 ]'*^ no unpaired electron fif^jp^-hybridisation. 

11 . (b,c,d) 

Xe 03 has three a and three ?i-bonds. Hence, this alternative is wrong. 



O 


12 . (a,c) 

13. (a, b, d) 

Hybridization Structure 

3 2 

IF 4 sp d square planar 

2 + 2 

[Cu(NH 3 ) 4 ] dsp square planar 

a 2 

XeF 4 sp d square planar 

BF 4 sp^ Tetrahedral 

[Ni(CN) 4 ]^“ dsp^A .. ■ v. :’ square planar 

14. (b,c) 

15. (a, d) 

Ba 02 + H 2 S 04 ^-^ BaS 04 -h H^ 

Na202 + H 2 S 04 ^-^ Na 2 S 04 + H 2 O 2 

Mn 02 and Pb 02 are not peroxides but dioxides. 

16. (a) 17. (c) 18. (c) 19, (b) 20. (a) 

21 . (a) 

No. of electrons No. of electrons in 

in bonding molecular "" antibonding molecular 

Bond order =-SlMtals-orteals- 

2 

If bond order is +ve, the bond will be fonned. 

22 . (c) 

Molecular orbital theory explains the magnetic nature of the 
molecules and ions. 

23. (b) 

B 2 KK <t(2s)^, S(2s)^, rt(2/?^)^, ^2py)^ Paramagnetic 

O 2 KK a{2sf, a(2s)\ (alp^f, n:(2p/, 3 i( 2 p/, h2px)\ n(2py)‘ 

Paramagnetic 

NO AX (T(2^)^ $(2^)^ 0(2ft)^ 11(2/?/, n(2pyf, ic(2/?j‘ 

Paramagnetic 


24. (a-p), (b-p, q), (c-q, s), (d-r) 

25. fa--q, s), (b-q, r, s\ fc-q, r), fd-p, r) 
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_ SECTION : 1 _ 

Straight Objective Type Questions . 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d). Out of which only one 
is correct 

1. Which s{^ies has the maximum number of lone pairs of 
electrons on the central atom? 

(a) aOJ □ (b) Xd 34 □ 

(c)I? □ {d)SF 4 □ 

2. The type of hybridisation in diborane is: 


(a) sp 

□ 

(b)5p^ 

□ 

(c) sp^ 

□ 

(d) dsp^ 

□ 

For the redox reaction, 



MnOi+ € 204 "+ !!"■- 

—^ Mn^"" + CO 2 + H 2 O 


the correct coefficients for the balanc^ reaction are: 


MnOJ 

c 2 or "- ■ 

H* ' ■ 


(a) 2 

5 

16 

□ 

(b) 16 

5 

2 

□ 

(c) 5 

16 

2 

□ 

(d) 2 

16 

5 

□ 


4. Among the following, hydration energy of Mg is greater 
than that of: 

(a) Al,^ □ (b) Be^'" □ 

(c) Li"' □ (d) Na"" □ 

5. Reactions of HNO 3 (cone.) with I, S, P and C gives 
respectively: 

(a) HI 03 ,H 2 S 04 ,H 3 P 04 ,C 02 □ 

(b) mo 3 , H 2 SO 4 , H 3 PO 3 , CO 2 □ 

(C) I205,H2S04,H3P04,C0 □ 

(d) l205,S02,P205,C02 .□ 

6 . Which of the following is wrong? 

(a) Bond order of O 2 is greater than bond order of O 2 □ 

(b) Bond order of O 2 is less than bond order of O 2 □ 

(c) Bond order of NJ is less than that of N 2 □ 

(d) O 2 ” is paramagnetic while O 2 is diamagnetic □ 

7. Hydrolysis of XeF 4 and CaNCN gives respectively: 

(a) Xe 03 and CaC 03 □ (b) Xe 02 and CaCN 2 □ 

(c) XeOF 3 andCaCN 2 □ (d) XeOF 2 and CaCOa □ 

8. 3NaH2P04 —^^^^NasCPjOg) . ■» (NaP 03 )„ 

1 

(i>) 

Glassy solid 

The compound (D) is: 

(a) Bunsen’s salt □ (b) Graham’s salt □ 

(c) Werner’s salt □ (d) Reimann’s salt □ 

9. Wliich of the following is incorrect? 

(a) C can form ^m-pK bonds with itself and with O or N □ 


(b) property of catenation follows the order 

C > Si > Ge = Sn > Pb □ 

(c) Si 02 is linear and hybridisation of Si is sp □ 

(d) solubility follows the order 

BeS04 > MgS04 > CaS04 > SrS04 > BaS04 □ 

to. When KI (excess) is added to the following solutions 
(i)CuS 04 (ii)HgCl 2 (iii) Pb(N 03)2 
separately: 

(a) a white precipitate of CU 2 I 2 in I, an orange precipitate of 

Hgl 2 in n and a yellow precipitate in EH □ 

(b) a white precipitate of CU 2 I 2 , Hgl 2 and Pbl 2 in each case 

□ 

(c) a yellow precipitate in each case □ 

(d) a white precipitate of CU 2 I 2 in I, an orange precipitate 

dissolving to Hgl^” in II and a yellow precipitate of Pbl 2 
in in ■ □ 

SECTION ; 2 

Straight Muhiple Choice Objective Type Questions .. 

This section contains 5 multiple choice questions. Each 
question has 4 choices. Out of which one or more than one may 
be correct. 

11. Which of the following pairs 'of eleixients have almost similar 


atomic radii? 

(a) Zr,Hf □ (b)Mo, W □ 

(c) Co.Ni □ (d)Sn,Pb □ 

12. 5p^-hybridization is found in the structures of: 

(a) O3 □ (b) NH3 □ 

(c) NOJ □ (d) H2O □ 

13 . The ONO bond angle is less than 180 ® in: 

(a) NOi □ (b)NOJ □ 

(c) NO2 □ (d) NOj □ 

14 . Which of the following function as catalysts for oxidation 

of SO2 to SO3 in industrial process for production of H2SO4? 
(a) Ti02 □ (b) PbOz □ 

(c) Pt □ (d) V2p5 □ 

15 . Which of the following reduction reactions are employed 
practically in commercial extraction of metals? 

(a) Fe203 + 2 A 1 -> AI2O3 + 2 Fe □ 

(b) Cr203 + 2 A 1 -> AI2O3 + 2 Cr □ 

(c) Sn02 + 2 C-> Sn + 2 CO □ 

(d) 2Na[Ag(CN)2] + Zn-» Na2[Zn(CN)4] + 2 Ag □ 


_ SECTION : 3 _ 

Assertidn^Reason T^pe Questiom ... 

Each question in this section contains Assertion (A) and 
Reason {Rf Each question has four choices, out of which only 
one is correct Mark your choice from the following options. 
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(a) Both (A) and (R) are true and (R) is the corr&t explanatibn: 
of (AX 

(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) (A) is correct but (R) is false. 

(d) (A) is false but (R) is true. 

16. (A) Anhydrous magnesium chloride cannot be obtained by 

heating MgClr 6 H 20 

(R) MgCl 2 - 6 H 20 is highly stable and is unaffected by heat. 

17. (A) Colour of K 2 Cr 207 solution depends on pH of the 

solution. 

(R) In acidic medium, it has yellow colour and in basic 
medium, it has orange colour. 

18. (A) The order of electron affinity of halogens is 

I>Br>Cl>R 

(R) Fluorine does not show variable oxidation states. 

19. (A) Alkali metals dissolve in liquid ammonia to give deep 

blue colour. 

(R) Blue colour of the solution is due to the formation of 
ammoniated electron. 

20. (A) Strength of various oxyacids follow the order 

HCD < HCIO 2 < HC »3 < HCK^ . 

(R) Among the oxyacids of the same element, acidic nature 
increases with increase in the oxidation state of the 
element. 

SECTION : 4 

linked Comprehension Type Questions . 

This section contains a paragraph. Based on this paragraph, 
multiple choice questions have been given. Each question has 4 
choices. Out of which only one is correct 

Valence bond theory describes the bonding in complexes in 
terms of two electron coordinate covalent bonds resulting from 
the overlap of filled hgand orbitals with vacant metal hybrid 
orbitals that point in the direction of the ligands. This theory 
explains with reasonable success the formation, magnetic 
behaviour and geometrical shapes of coordination compounds. 
It, however, fails to provide a quantitative interpretation of 


^ luaghetic behayiotit and about optical properties of 

coordination compounds. 

21. The correct order of magnetic moments (spin only value in 


BM) among the following is: 


(a) [Fe(CN)6]^ 

> [CoCLtf- 

> [MnCy^ 

□ 

(b) [MnCy^- 

> [Fe(CN)a^ 

>'■[ 0 ) 04 ^“"" 


(c) [Fe(CN)d^ 

> [MnCLjf 

> [CoCUf “ 

□ 

(d) [MnCU]^ 

> [CoOj]^" 

> lFe(CN)6]^ 

□ 


22 . The geometry of [Ni(CN) 4 ]^~ and- are: 

(a) both square planar 

(b) both tetrahedral 

(c) tetrahedral and square planar respectively 

(d) square planar and tetrahedral respectively 

23. [Fe(H20)6f^ and [Fe(CN)6]^ differ in: 

(a) geometry, magnetic moment 

(b) magnetic moment, colour 

(c) geometry, hybridisation 

(d) hybridisation, number of unpaired electrons 

SEcfiorTTs 


Matrix-Match Type Questions 


Each question contains statements given in two columns, 
which have to be matched. 

24. Match List~I with LisMI: 

List-I List-n 


(a) Linear shape 

(b) ^p-hybridisation 

(c) ip^d-hybridisation 

(d) CS 2 is isostractural to 

25, Match Column-I with Colunm-H: 
Colmsm-l 

(a) Ammonium nitrate 

(b) Sodium thiosulphate 

(c) Mercurous chloride 

(d) Silver bromide 

(e) Amatol 


(p) CO 2 

(q) li 

(r) C2H2 

(s) Ncor 

Cdumn-n 

(p) Fertilizer 

(q) Purgative 

(r) Antichlor 

(s) Photography 

(t) Explosive 
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1 . (0 


O II 0“* 
o 

One lone pair 



F 



□□□□ □□□□ 
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2. (b) 

3. (a) ■ •- -- ‘'■ ’ 

2MnO^ + SCaOl’ + leiT —-> 2Mn^^ + 10CX)2 + 8H2O 

4. (d) 

The degree of hydration depends on the size of the ion. The size 
of ion is less than Na"^ ion and more than and li'^ 

ions. Hence, Hydration energy of Mg^"^ ion is greater than that of 
Na^ ion. 

5* (a) 

I2 + lOHNOg-> 2ffl03 + IONO2 + 4H2O 

S + 6HNO3-> H2SO4 + 6NO2 + 2H2O 

P + iOHNOa-> 2H3PO4 + IONO2 + 2H2O 

C + 4HNO3-> CO2 H- 4NO2 + 2H2O 

6. (d) 

Bond order of O2 = 2 , 0 | = 2 . 5 , O2 == 1 . 5 , N2 = 3 , Nj = 2.5 
= no unpaired electrons, hence diamagnetic 
O2 = one unpaired electron, hence paramagnetic 

7. (a) 

2 XeF 4 + 3H2O-> Xe -f XeOs + F2 + 6 HF 

CaCN2 + 5H2O-> CaC03 + 2NH4OH 

(b) 

(D) is sodium hexametaphosphate, (NaP03)6, which is called 
Graham’s salt, 

9. (c) 

Si02 is three dimensional giant. Silicon undergoes sp^ hybridisation. 

10. (d) 

2CUSO4 + 4 KI-^ CU2I2+ 2K2SO4 +12 

White 

Hgl2 + 2 KI->K2Hgl4 

Pb(N03)2*f2KI-> Pbl2+2KN03 

Yellow 

IL (a,b,c) 

Due to lanthanide contraction, the atomic radii of Zr and Hf, Mo 
and W are almost similar. In case of Co and Ni, increase in nuclear 
charge is almost balanced by shielding effect and as a result, both 
have nearly the same atomic radii. 

12. (b,d) 

NH3 and H2O contain sp -hybridised N and O atoms respectively. 

13. (a, b, c) 

NO3 has sp^ hybridisation. The bond angle is 12 (f. 

NO2 and NO2 have sp hybridisation. Due to presence of one 
dectrbn pair on NOJ, the repuisiori oh the bond pairs is more and 
thus, the angle is less, i.c., 115 ® while in NO2, one unshared electron 
is present on N-atom, the bond angle is more, ie., 132 ®. 

NO2 1ms .sp-hybridisation, hence bond angle is 180 ®. 

14. fed) 

In contact process, either platinum or V2O5 can be used as catalysts. 

15. (b, c, d) 

16. (c) 

MgQ2'6H20 undergoes hydrolysis on heating. 

MgCl2‘6H20-> Mg(OH)a + HQ + 5H2O 

17. (c) 

In the solution, the following equilibria exists. 

CrjO," +H2O 2 CtO|'' + 2 H+ 


2 — 

In acidic mediim,. Cr 2 Q 7 , ions exist which have orange colour while 
ih basic Medium; Cii)?” ions exist which have yellow colour. 

18. (d) 

The order of electron affinity is 

I < Br < F < Cl 

Fluorine being the most electronegative always shows -1 oxidation 
state only, 

19. .(a) . - ^ 

Alkali metal atonis lose electrons which combine with ammonia 
molecules 

M + (X + >.)Ml3-> [M(NH3)^r + ^NH3)^ 

Solvated 

electron 

Solvated electron is responsible for blue colour. 

20 . (a) 

21 . (d) 

2 “ 

fMnCy has tetrahedral geometry, i.e, 5 unpaired electrons are 
present. 


3d 4s 4p 



sp^ hybridisation 


[FeCChOe]"^ has octahedral geometry, i.e., it has no unpaired 
electron. 


3d 45 4p 



d^sp^ hybridisation 


2— 

[C 0 CI 4 ] has tetrahedral geometry, i.e, it has 3 unpaired electrons. 


3d 45 4p 



sp^ hybridisation 


22 . (d) 

CN” is a strong ligand. Electrons in rearranged in 3 J-orbitals of 
ion. It undergoes dsp^ hybridisation in forming [Ni(CN) 4 ]^” 
complex. 


3d 4s 4p 



dsp"^ hybridisation 


Cl is a weak ligand. Electrons are not rearranged in 3<i-orbitals of 
Ni ion. It undergoes sp hybridisation in forming [NiCl 4 ] 
complex. 


3d 4s 4p 



sp^ hybridisation 


23. (b) 

[Fe(H 20 ) 5 ]^^ is paramagnetic while [Fe(CN) 6 ]‘’“ is diamagnetic. 
[Fe(H 20 ) 6 ]^^ has pale green colour while [Fe(CN){]'*“ has yellow 
colour. 

24. (a-p, q, r, s); (b-p, r, s); (c-q); (d-p) 

25. (a-p, t); (b-r, s); (c-q); (d-s); (e-t) 
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SECTION : 1 


Stndght Objective Type Questions ... 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d). Out of which only one 
is correct 

1 . 



X, FandZare : 

(a) H4P2O7, HPO3 and P4O10 respectively □ 

(b) HPO3, H4P2O7 and P4O10 respectively □ 

(c) H4P2O7, H3PO3 and P4O6 respectively □ 

(d) H4P2O7, HPO3 and P4O6 respectively □ 

2 . The types of bonds present in CuS04*5H20 are: 

(a) electrovalent and covalent □ 

(b) electrovalent and coordinate covalent □ 

(c) electovalent, covalent, coordinate and hydrogen bonds 

□ 

(d) covalent and coordinate covalent □ 

3. For A + KOH + Air SS!! 

B + O3 + H2O-(Pink) 

Which of the following is correct? 


(a) A is black (Mn 02 ), B is blue (K 2 Mn 04 ) and C is pink 

(KMn 04 ) □ 

(b) A is black (Mn 02 ), B is green (K 2 Mn 04 ) and C is pink 

(KMn 04 ) □ 

(c) A is colourless {Mn 02 ), B is blue (K 2 Mn 04 ) and C is pink 

(KMn 04 ) □ 

(d) A is green (Mn 02 ), P is green (K0hO4) and C is pink 

(KM 0 O 4 ) • ' □ 

4. The complex ion which has no i-electrons in the central metal 
atom is: 

(a) [Co(NH3 )6]^ □ (b) [Fe(CN)6]^ □ 

(c) [Cr(HzO)df □ (d) [Mn 04 r O 

5. Aluminiurii chloride exists as dimer, AI 2 CI 5 in solid state 
well as in solution of non~polar solvents such as benzene. 
When dissolved in water, it gives: 

(a) + 361 " □ (b) [Al(H 20 ) 6 ]^’^+ 3 Cr □ 

(c) [AlipH)6f"+3Ha □ (d)Al 203 + 6 Ha □ 


6. Iron exhibits the +1 oxidation state in: 

(a) R(C0)5 □ (b) [FeOJ- □ 

(c) Fe4[Fe(CN)6]3 □ (d) [FeCKjOsNOf^ □ 

7. Consider the following complex 

[Co(NH 3 ) 5 C 03 ]a 04 

The coordination number, oxidation number, number of 
(/-electrons and number of unpaired (/-electrons on the metal 
are respectively: 

(a) 6,3,6,0 □ (b) 7,2,7,1 □ 

(c) 7,1,6,4 □ (d) 6,2,7,3 □ 

8. (Ka+KjCrjOv + H2SO4) ) Red gas 

CH,COOH ,,, DiLNaOH 
’ (CH,COO),Pb ' 


The formulae of (A) and (B) with colours are: 

(a) Na 2 Cr 04 , yellow and PbCr 04 ,yeUow □ 

(b) Na 2 Cr 207 , orange and PbCr 04 , yellow □ 

(c) Cr(OH) 3 , green and (CH 3 COO) 3 Cr, green □ 

(d) Ci02a2, red and (CH 3 COO )3 Cr, green □ 

9* Among the following molecules: 

(DXeOs (ii)XeOF 4 (iiDXeFg 

Those having same number of lone pairs on Xe are: 

(a) (i) and (ii) only □ (b) (i) and (iii) only □ 

(c) (ii) and (iii) only □ (d) (i), (ii) and (iii) □ 


10, A gas ‘Z’ is passed through water to form a saturated 
solution. The aqueous solution on treatment with silver 
nitrate gives a white precipitate. The saturated aqueous 
solution also dissolves magnesium ribbon with evolution of 
colourless gas *F’. ‘Z’ and ‘F’ are: 

(a) Z= CO 2 ; F= CI 2 □ (b) Z= CI 2 ; F^r CO 2 □ 

(c) Z= CI 2 ; F= H 2 □ (d) Z = H 2 ; F=Cl 2 □ 


SECTION : 2 


Straight MulHpU Choice Obje^ve Type QuesHons .. 

This section contains 5 multiple choice questions. Each 
question has 4 choices. Out of which one or more than one may 
be correct 

11. Which of the following have planar structure? 

(a) I 3 □ (b) H 2 O 2 □ 

(c) B 2 H 6 □ (d) [Ni(CN) 4 f- □ 

12. Three centre-two electron bonds exist in: 

(a)B2H6 □ (b)Al2(CH3)5 □ 

(c) BeH 2 □ (d) Bea 2 □ 

13. Which of the following statements about alkaline earth metals 
are correct? 
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^4. '5 4. 

(a) Hydr^on energy of Sr is greater than that of Be □ 

(b) CaC 03 decomposes at a higher temperature than BaC 03 


□ 

(c) Ba(OH )2 is stronger base than Mg(OH )2 □ 

(d) SrS 04 is less soluble in water than CaS 04 □ 

14, On treatment with dilute H 2 SO 4 , a salt gives a gas which turns 

lime water milky. The salt may be: 

(a) NaH 003 □ (b) □ 

(c) Na 2 S 03 □ (d) NaN 02 □ 

IS* Pot^^sium iodide acts as a reducing agent when treated with: 

(a) an acidified K 2 Cr 207 solution □ 

(b) an acidified KMn 04 solution □ 

(c) a CUSO 4 solution □ 

(d) a lead acetate solution □ 


__ SECTION : 3 _ 

Assertion-Reason Type Questions .. 

Bach question in this section contains Assertion (A) and 
Reason (R\ Ekich question has four choices, out of which only 
one is correct Mark your choice from the following options. 

(a) Both (A) and (R) are true and (R) is the correct explanation 
of (A). 

(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) (A) is correct but (R) is false. 

(d) (A) is false but (R) is true. 

16* (A) LiCl is more ionic than NaCL 

(R) Smaller the size of cation, greater is the polarising power. 

17. (A) Among chalcogens, tendency of catenation is maximum 

for sulphur. 

(R) S—S bond dissociation energy is higher than 0—O 
bond dissociation energy. 

18. (A) Bond order of NJ and N 2 are same. 

(R) N 2 is more stable than N 2 . 

19. (A) [Cu(NH 3 ) 4 ]^’^ is coloured, while [Cu(CN) 4 ]^“ ion is 

colourless. 

(R) [Cu(NH 3 ) 4 ]^'' has dsp^ hybridisation. 

20. (A) Superoxides of alkali metels are paramagnetic. 

(R) Superoxides contain the ion which has one unpaired 
electron. 
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SECTION : 4 


Linked Con^^rehension Type Questwns . 

This section contains a paragraph. Based on the paragraph, 
multiple choice questions have been given. Each question has 4 
choices, out of which only one is correct 

When the halogen atom combines with an element of lesser 
electronegativity, it shows -1 oxidation state. On the other hand, 
when it combines with an element having higher electronegativity 
it exhibits +1 oxidation state. CMorine and higher halogens show 
positive oxidation states as the electrons in the valency shell can 
be promoted to vacant ^-orbitals. These elements can show +3, 
+5 and +7 oxidation states depending on the number of singly 
occupied orbitals. 

21. Which halogen cannot show positive oxidation state? 


(a) Chlorine □ (b) Fluorine □ 

(c) Bromine □ (d) Iodine □ 

22 . In which of the following, iodine has the highest oxidation 
state? 

(a) I 2 □ (b) HI □ 

(c) HIO 4 □ (d) I 2 O 5 □ 

23. The shape of interhalogen molecule fomed from second 
excited state of central halogen atom is: 

(a) square pyramidal □ (b) T-shape □ 

(c) distorted octahedral □ (d) octahedral □ 


SECTION : 5 _ 

Matrix-Match Type Questions . 

This section contains two questions. Each question contains 
statements given in two columns, which have to be matched. 

24, Match Column-I with Column-II: 


Cdimm-l 

Colimin-n 

(Precipitating agent) 

(a) 

(p) Dilute HCl 

(b) Hgf 

(q) H 2 S in presence of HCl 

(c) 

(r) Sulphide soluble in yellow 
ammonium sulphide 

id) Hg^-" 

(s) Sulphide insoluble in yellow 
ammonium sulphide 

Match Column-I with Column-II: 

Coluixin 4 

Column-II 

(a) Linear shape 

(P) CO 2 

(b) 5 p-hybridisation 

(q) XeFz 

(c) ip^^-hybiidisation 

(r) C 2 H 2 

(d) CS 2 is isostructural to 

(s) I 3 
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Practice Paper : 3 .... 

1 . (a) 2 H 3 PO 4 —— 


H4P2O7 + H2O 

(X) 


H 3 PO 4 . — ^ ) HPO 3 + HjO 


H 4 P 2 O 7 -> 2 HPO 3 + H 2 O 


^HP03^^P40,o+2H20 

(^) 

2. (c) CuS 04 ' 5 H 20 can be ^presented as : 

>X^h/<h 


3. (b) 2Mn02 + 4K0H + 02^-^ 2 K 2 Mn 04 + 2 H 2 O 

(^) (air) (B) 

Black Green 

2K2Mn04 + O 3 + H 2 O-> 2KMn04+ 2KOH + O 2 

(C) 

Pink 

4. (d) In [Mn 04 ]^, Mn^*^ ion has the configuration [Ar] i.e., 

all the 3d electrons and 4s electrons have been lost. 

5 . (b) Al2C4 + 12H20^=±2[Al(H20)6]^'"+6Cr 

6 . (d) 

Oxidation number 
Fe{CO )5 0 

[FeCUr +3 . 

Fe 4 [Fe{CN) 6]3 +3, +2 respectively 

[FeCHaOIsNOf"" +1 

x + 5x0+l=+2 or x = +l 

7 . (a) 

Coordination number 6 

Oxidation number 3 

3d 4s 4p 

ItiiTiini I I □ I I I 

No. of d-electrons 6 

No. of unpaired electrons 0 

8 . (a) 

a“ + Cr 207 " + IC-> Cr02Cl2 


PbCr 04 < 
(B) 

Yellow ppt 


(CH^COQ),Pb 


-Na 2 Cr 04 

(A) 

Yellow soln. 


9. (d) 


^Xe. 

o/l\ 

o 

One lone pair 


F 

One lone pair 


10 . (c) 


CI 2 + H 2 O 
(X) 

HCl+AgN 03 - 


^HCI+HCIO 


HCl+AgN 03 -> AgCl +HNO 3 

White ppt. 

2HCI + Mg-^ MgCl 2 + H 2 

: m 

Colourless 

2 

11 . (a,d) I 3 - —Linear; [Ni(CN) 4 ] —square planar 

12 . (a,b) 

13. (c,d) 

14. (a, b, c) CO 2 and SO 2 turn lime water milky. 

15. (a, b, c) 

16. (d) liCl is less ionic than NaCI as li'^ ion is smaller than Na*^ ion. 

Hence, it has more polarising power than Na*** ion. 

17. (a) 

18. (b) Bodi statements are correct. 


N 2 , 

B.O.=^ = 2.5 

Ni, 

= = 2.5 


NJ is more stable than N 2 as it contains less number of antibonding 
electrons. 

19. (b) Both the statements are correct. 

20. (a) Presence of unpaired electron in supemxides of alkali metals 

make them paramagnetic. 

21. (b) Fluorine being highest electronegative element shows only -1 

oxidation state. 

22 . (c) ^ 

HIO 4 , +l4'X“"8 = 0 

or X = +7 

23. (a) 

Second excited state 
ns np 



One lone pair 


24. (a--p, q, s); (b-p); (c-q, r); (d-q, s) 

25. (a-^, q, r, s); (b-p, r); (o~q, s); (d-p) 
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SECTION : 1 


Straight Objective Type Questions ... 

This section contains 9 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d). Out of which only one 
is correct. 

1. An inorganic compound liberates oxygen when heated, turns 
an acid solution of KI brown and decolourises acidified 
KMn 04 soluticMi. The substance is: 

(a) HaCh □ (b) DaO □ 

(c) KNO 3 □ (d) Pb{N 03)2 □ 

2. For the given reaction, which of the following is correct ? 

N 2 O Heat 

Na + NH 3 -» (A) —-» (B)-^ gas {X) 


3. 


4 


5 , 


6 . 


(a) (A) On Inaction with wate ^ves NaOH and Na □ 

(b) (B) Contains anion of linear geometty □ 

(c) (X) is coloured □ 

(d) All are correct □ 

B2H5 • 2NH3 is ..in nature. 

(a) ionic □ (b) covalent 

(c) dative □ (d) all of these 

A 0 . 5 g sample containing Mn02 is treated with HCl liberating 
Q2 which is passal into a solution of KI. 30 mL of 0.1 M 
Na2S203 are required to titrate the liberated iodine. The 
percentage of Mn02 in the sample is: 

(a) 26.1 □ (b) 21.6 □ 

(c) 23.1 O (d) 21.3 □ 

Match the following columns and mark the appropriate 
option : 

A. Boron fibres (i) 

B. Bcxax (ii) 

C Alumimum 0 ii) 

D, Carbon black (iv) 

(a) A-(i), B-(ii), C-(m), D-{iv) □ 

(b) A-(ii),B-(i),C^(iv),D“(iii) □ 

(c) A^ii), B^(iiiX C~(i), D-*(iv) □ 

(d) A-(iii), B-(ii), C-(i), D-(iv) □ 


Heat resistant glass 
Bullet proof vest 
Filler in automobile tyre 
Transport industry 


Number of oxygen atoms shared per SiOl" tetrahedron in; 
(i) two dimensional sheet structured silicates 
Cii) cyclic silicates and 

(m) single strand chain silicates ar^, respectively : 

(a) 4,2,2 □ (b)4, 3,2 □ 

(c) 3,3,2 □ (d) 3,2,2 □ 


7 . Which of the following reactions is not taking place during 
the extraction of Ag from Ag2S by cyanide process ? 

(a) AgaS + CN'-> lAg(CN) 2 r + □ 

(b) Zn + [Ag(CN)2r->[Zn(CN)4]^+Ag □ 

(c) Cu + [Ag(CN)2r - >[Cu(CN)4]^+Ag □ 

(d) -»S0i" + S + S20i” □ 

8 . Both geometrical and optical isomerism are exhibited by: 

(a) pentamminechloridocobalt (ED) ion □ 

(b) triamminetrichloridocobalt(III) □ 

(c) dicUorido bis (ethylenediamine) cobalt (ID) ion □ 

(d) tetraamminedichloridocobalt (ID) ion □ 

9 . When N2 is formed from N2, bond orcter.., .and when 

O2 is formed from O2, bond order...: 

(a) incieases, increases □ (b) decreases, decreases □ 
(c) increases, decreases □ (d) decreases, increases □ 


SECTION : 2 


Straight Multiple Choice Objective Type Questions .. 

This section contains 4 mult^le choice questions. Each 
question has 4 choices. Out of which one or more than one may 
be correct. 

10* Which of following statements is/are correct ? 

(a) Aluminium is the most abundant metal and oxygen is the 


most abundant non-ntetal □ 

(b) Iron is the most abundant transition metal □ 

(c) Iodine is found in sea cucumte □ 

(d) Vanadium is found in sea weeds □ 

11* Oleum which is labelled as “ 109 % pure H2SO4” suggests : 

(a) 100 mL oleum consist of 109 g H2SO4 □ 

(b) 100 g oleum consist of 1(W g H2SO4 □ 

(c) 100 g oleum is diluted 9 gH20 □ 

(d) Oleum contains 40 % free SO3 □ 

12. A blue colouration is obteined when : 

(a) Ammonium hydroxide is Mded to a)pper sulphate □ 

(b) Copper sulphate solution reacts with K4Fe(CN)5 □ 

(c) Ferric chloride reacts with K4Fe(CN)6 □ 

(d) Anhydrous white CUSO4 is dissolved in water □ 

13. Which of the following salts will evolve halogen on treatment 
with cone. H2SO4 ? 

(a) NaCl □ (b) NaBr □ 

(c) CaCl2 □ (d) KI □ 
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K2Mn04 


H2SO4 

-^KMn04 


(B) 

Purple 


2KMn04 + H2SO4-> Mn207+ H2O + K2SO4 

(cone.) (C) 


2Mii2^7 4Mn02+ 302 

(2» 

The cation in (D) is 
RC. of = [Ar] 3 i^ 

Thus, number of unpaired electrons in = 3 . 


( 1 ) 


Xe+ 3 R 

1:20 


. HighPrm. 


■»XeR 

(X) 


Xefi+ 3H2O-> Xe 03 +6HF 

(X) (F) 


5s 

E.C. of Xe in ground state 
E.C. of Xe in excited state 

sp^ h>?b. 

In XeOa, Xenon undergoes sp^ hyMdisation giving tetrahedral 
configuration. There are three sigma bonds with three hybrid orbitals 
and three 7 t-bonds along with one lone pair of electrons. 



O 

(4) MCI;, + xAgNOa-> xAgCl + MCNOa)^ 

Number of moles of AgNOa used for 0.1 mole of MCI;, 
son 

= ^xO.8 = 0.4 mol. 

1000 

Thus, 1 mole of MClx requires 4 moles of AgNOa 
X = 4 . 



18. 


19. 

20 . 
21 . 


22 . 

23. 

24. 
•25. 
26. 


27. 


28. 

29. 


30. 


(d) 

Calcium carbide on hydrolysis gives acetylene. 

(a) 

(b) 

(c) 

NaCl and CaCl2 are added to make the fused mass as good conductor 
and also to lower the fusion temperature of anhydrous MgCl2. 
(a~q. s), (b-r), (c-q, s). (d-^, s) 

(a-q, s), (b-p, r), (c-q), (dH*) 

(a>~q, s), (b-p, q, s), (c-q, s), (d-<i, r) 

(0 

(a) 

On heating polyhaUde, the smallest halogen remains attached with 
the metal because this forms a salt with higher lattice energy. 

(c) 

Iodine undergo^ sp d hybridization giving octahedral configuration 
having three hybrid orbitals with single electrrm each, one vacant 
hylmd abital ai^ two hybrid orbitals have paired electrons each. 
The ion coi^ts three covalent bonds, one coordinate bond and 
two lone p^. 



(b) 

(a) 

Yb : 70 pCe] 4 /*", 6 ^ 
Lu : 71 pCe] 4 /'*. Sd\ 
(d) 

is the smallest in size. 




__ SECTION : 1 __ 

Straight Objective Type Questions .... 

This section contains 9 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d). Out of which only one 
is correct. 

1. HNO 3 add solutions A and B have concentraticHis 0.5 N and 
0.1 N respectively. The volume of solutions A and ^required 
to make 2 L of 0.2 N HNO 3 acid solution is : 

(a) 0.5 L of A and 1.5 L of iB □ 

(b) 1.5Lof A and0.5Lof B □ 

(c) 1.0 L of A and 1.0 L of B □ 

(d) 0.75 L of A and 1.25 L of B □ 

2 . The purity of H 2 O 2 in a given sample is 85%. The weight of 
impure sample of H 2 O 2 which requires 10 mL of IN KMn 04 
in a titration in acidic medium is: 

(a) 2 g O (b) 0 . 2 g □ 

(c)0.17g □ (d)0.15g □ 

3. TII 3 is an ionic compound which furnishes the following ions: 

(a) Tl^ and IJ □ (b) and I" □ 

(clTT^andr □ (d)Tl'"andIi □ 

4. Be2C + 4H20->2X+CH4 

X+2NaOH->F+ 2 H 20 

X and Y formed in die above two reactions are: 

(a) BeC 03 and Be(OH )2 respectively □ 

(b) BdOH )2 and Na 2 Be 02 respectively □ 

(c) [Be(OH) 4 f“ and Be(OH )2 respectively □ 

(d) BeO and Be(OH )2 i^pectively O 

5. Which of the following sp^ies represents the example of 
dsp^ hybridization? 

(a) mmet o (b) lNi(CN) 4 ]^' O 

(c) [Ag(CN) 2 ]- □ (d) tCo(CN)d^ □ 

6 . The fluoride of xenon with zero dipole moment is: 

(a)XeF 6 □ (b)XeOF 4 □ 

(c)XeF4 □ (dlXeOaFa □ 

7. A greenish yellow gas reacts with an alkali metal hydroxide 

to fonn a halate which can be used in fireworks and safety 
matches. The gas and halate respectively are ; 
(a)a 2 ,Ka 03 □ (b)Br 2 ,KBi 03 □ 

(c) I 2 ,KI 03 □ (d) a 2 .Naa 03 □ 

8 . In BF 3 , the B-F bond length is 1.30A. When BF 3 is allowed 
to be treated with Me 3 N, it forms an adduct, MesN BF 3 , 
the bcmd length of B-F in the adduct is : 

(a) greater than 1.30 A □ (b) smaller than 1.30 A □ 

(c) ^ualto 1.30 A □ (d) none of these O 

9. Dinitrogen tetroxide (N 2 O 4 ) has : 

(a) two unpaired electrons and is param^netic □ 


(b) two unpaired electrons and is diamagnetic □ 

(c) one unpaired electron and is paramagnetic □ 

(d) no unpaired electron and is diam^etic. □ 

SECTION i2 

Straight Multiple Choice Objective Type Questions .. 

This section contains 4 multiple choice questions. Each 
question has 4 choices. Out of which one or more than one may 
be correct. 

10. Which of the following are correct statements ? 

(a) Solid PCI 5 exists as [PCy “ □ 

(b) Solid PBrs exists as [PBral^ Bt" □ 

(c) Solid N 2 O 5 exists as [N 02 r □ 

(d) Oxides of ph^phorus P 2 O 3 and P 2 O 5 exist as monomers 

□ 

11. Which of the following isomerisms are shovm by the complex 


[CoCl2(OH)2(NH3)2]Br? 

(a) Ionisation □ (b) Linkage □ 

(c) Geometrical □ (d) Optical □ 

12 . CS 2 is isostructural with : 

(a) Bea 2 □ (b) Sna 2 □ 

(c) C 2 H 2 D (d) NO 2 . □ 

13. Which of the following rejwesents the same element ? 

(a) 106 □ (b) unnilhexium □ 

(c) Ha □ (d) Sg (seaborgium) □ 


SECTION : 3 

Integer Answer Type Questions ... 

This section contains 4 questions. The answer to each of the 

questions is a single-digit integer ranging from 0 9, 

14* An acid is formed by he^g orthophosphoric acid at 
250-260®C. The number of series of salts formed by this acid 
are: 

15. How many moles of carbon mohbxide are obtained when 
one mole of potassium ferrocyanide is heated wifli cone, 
sulphuric acid ? 

16. The mho of loi^ pairs and the number of S-S bonds in Sg 
molecule is: 

17. For the reaction, 

M;"^ + Mn 05 -»MOJ + Mn^"^ + 1/2 O 2 

If one mole of Mn 04 oxidises 1.67 moles of to AfO^, 
then the value of or in the reaction would be : 
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SECTION : 4 


fype ^Que^^ 




Each question in this section contains Assertion (A) and 
Reason (J?); Each question has four choices, out of which only 
one is correct. Mark your choice front the following options. 

(a) Both (A) and (R) are true and (R) is the correct explanation 

of(A). 

(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A), 

(c) (A) is true but (R) is false. 

(d) (A) IS false but (R) is toe. 

18* (A) CO and O 2 both combine with haemo^obin. 

(R) CO has greater affinity for haemoglobin than O 2 . 

19. (A) Normal hydrogen consists of a mixture of two forms, 

ortho (75%) and para (25%). 

(R) Pure ortho form can be obtained at low temperature but 
pure para form can not be obtained. 

20. (A) KCN gives K 3 Cu(GN )4 complex compound with CUSO 4 

solution. 

(R) KCN reduces Cu^*^ to Cu*^ and then forms a o^mplex 
compound. 

21. (A) The first ionisation energy of Be is greater than that of 

E 

(R) 2p-orbital is lower in energy than 25-ofbital. 


SECTION : 5 


Matrix-Match Type Questions 


This section contains 3 questions. Each question contains 
statements given Tn two columns, which hme to be matched. 

22. Match Column-I with Column-n. 


Coliimn-I 

(a) K 4 Fe(CN )6 

(b) [Pt(NH3)4a2]Br2 

(c) [Go(NH 3 ) 3 a 3 ] 

(d) \NiCl 4 ] 


i2- 


(P) 

(q) 

(r) 

(s) 


23. Match ColumnA with Column- 

Cduotnn*! 

(a) Brass 

(b) Bronze 

(c) Germansilver 

(d) Constantan 

24, Match Column-I with Column 

Cdmim4 

(a) 4s^4/ 

(b) 6sU/^5d^° 


Column-*!! 

Geometrical isomers 

Paramagnetic 

Diamagnetic 

Metal ion with +2 oxidation 
state 
H. 

0>lunui-n 

(p) Copper 

(q) Zinc 

(r) mckel. ^ , 

(s) Tin 

■n. 

Column-n 

(p) Metal 

(q) Non-metal 


(c) 4 / 5 / 5 / 5d’ 6/ (r) Noble gas 

(d) 4s^ 3£i‘°4p^ (s) Lanthanide 


SECTION : 6 


Linked Comprehension Type Questions. .. 

This section contains 2 paragraphs. Based on each para¬ 
graphs, 3 multiple choice questions have to be answered Each 
question has four choices, out of which only one is correct. 


Compmhension : 1 


Xenon having nearly the same ionisation energy as oxygen 
forms a large number of com|K)unds like xenon fluorides, oxy- 
fluorides, oxides and perxenates. Xenon exhibits various oxidation 
states from +2 to + 8, Perxenates are powerful oxidants and Xe 03 
is a powerful explosive. 


25. 


26. 


27. 


The hybridization of Xe in Xe02F2 and its shape are : 

(a) T-shaped Q (b) sp^d, see-saw □ 

(c) tetrahedral □ (d) V~shape □ 


The number of lone pairs of electrons in XeF 2 , XeF 4 , XeF^ 


and XeOF 2 are respectively : 

(a). 3,2,1,2 □ (b) 2,1,1, 2 □ 

(c) 3,2,1,1 □ (d) 3,2,2,2 □ 

The wrong statement is : 

(a) Perxenates ^ [XeQ^]"^” □ 

(b) Perxenates are coloured aitd strong reductants □ 

(c) Oxidation number of Xe in perxenates is + 8 □ 

(d) Perxenates are formed by hydrolysis of xenon hexafluoride 

with strong alkalies. □ 


Comprehension: 2 

^ Metd nitrate (A) on heating d^omposes, leaving a solid residue 
{B) which goes into solution with dilute HCl. The solution of {B) 
gives a white precipitate with ammonium carbonate solution. The 
precipitate is dissolved in dilute HCl and the solution is treated 
with K 2 C 1 O 4 solution to give a yellow precipitate (C). The solution 
{B) reacts with dil, H 2 SO 4 also gives a white precipitate (/>), 
-insoluble in dilute HCl and HNO 3 . The precipitate (D) is a part of 


a white pigment litiiopone. 

28. The compound (D) is : 

(a) PbS 04 □ (b) ZnS 04 □ 

(c) MgS 04 □(d) BaS 04 □ 

29. The yellow precipitate (Q is : 

(a) PbCi 04 □ (b) B^i 04 □ 

(c) CaCi 04 □ (d) none of these □ 

30. The metal nitrate (A) is : 

(a) Ba(N03)2, □ (b) Pb(N03)2 □ 

(c) Ca(N 03)2 □ (d)KN 03 □ 






Practice Paper — 5 





Practice Paper : 5 .... 

1 . (a) 

Let xL of A and yL of B be mixed to jform 2 L of 0.2 N HNO3 
solution. 

X + y “ 2 

xxO .5 + y xO.l = 2 x 0.2 
Solving both the equations, we get 
y = 1,5 L and x = 0.5 L 

2. (b) 

1 N KMn04 s 10 mL 1 N H2O2 

iOmL 

17 x 10 


4i) 

(ii) 


Mass of H2O2 


3. (d) 

4. (b) 

5 . (b) 


Mass of impure H 2 O 2 soln. = 
1113 ;^=^ 

Be 2 C + 4H2O-> 

Be(OH)2 + 2NaOH -> 


1000 

im 


= 0.17 g 
X 017 = 0.2 g 


85 

Tl^ + 15 

2Be(OH)2 + CH4 
X 

]Sra2Be02 + 2 H 2 O 

Y 




[Fe(CN)6]^ — hyb- 

[Ni(CN)4]^ — dsp^ hyb. 

3d 4s 3p 

□ [ 


n mmm! 


dsp* -hybridization 

[Ag(CN)2]” — sp hyb. 

[Co(CN) 6]’" — hyb. 

6. (c) 

XeF4 is symmetrical with square planar shape, so the resultant 
dipole moment is zero. 



Xe 


XeF4 

7 . (a) 3CI2 + 6 KOH- > KClOa + 5 KCI + 3H2O 

Gpeeiush Pot. chlor^ 

yellow 

KCIO3 is used in fireworks and safety matches. 

8 . (a) 

In BF3, there is back bonding in between boron and fluorine which 
imparts double bond character. 

As BF3 forms an adduct, the back bonding dis^pears and hence, 
double bond character disapp^s and the bond length between 
boron and fluorine increases a bit. 


cTc’vf 'is ^ ^ ■ ‘'Jr. r&S'vfC'--’' ' 


\ A 

„/ V 


9. (d) 

O"' 'O 

N204 

10 . (a,b,c) 

Oxides of phosphorus are dimeric in nature, P4O5 and P2O10. 

11 . (a,c,d) 

[Coa2(OH)2(NH3)2]Br and [C(^lBriOH)2(NH3)2]Cl are ionisa¬ 
tion isomers. 



Cis - form 


Trans-form 


Geometrical isomers 



12 . (a,c) 

The stractore of CS2 is lin^ S=C=S, similarly the structures of 
HgQ2 and C2H2 are linear, Cl-Hg-Cl, HC=CH. SaQa and NO2 
have angular structures, 

13. (%b,d) 

14. (4) 

H4P2O7 (Pyrophosphoric acid) i$ formed whwi H3PO4 is heated 
at 250 - 260 ^C.' 

2H3PO4 > H4P207 + H2O 

This acid contains 4 -OH groups i.e, 4 ionisable hydrogen atoms, 
thus it can form four series of salts, 

15. (6) 

K4Fe(CN)6 + 6H2SO4 + 6H2O-^ 2K2SO4 + FeS 04 

+ 6CO + 3 (NH 4 ) 2 S 04 

16. (2) 

Sg molecule has the following structure.; Each sulphur atom is in 
sp^ hybridized state, 

S\ /S\ /S 

Number of lone pairs =16 
Number of S—S bonds = 8 

Ratio = 16/8 = 2 









F 


Three lone pairs Two lone pairs 

F 



27. (b) 


F 

One lone pair 


Two lone pairs 



